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Preface

This 1s the text section of the Technical Description for Alfaskop System 41. Its
objective is to describe the main functions carried out by the logic of the display
units, the flexible disk units and the communication processors as realized by the
printed circuit boards.

Chapter 1 serves as general information on the system. Functions or circuits common
for two or more units are described in chapter 2 and 3. The other chapters deal with
specific units or logic boards.

Certain information is quoted from Motorola Inc. publications.

For information on printers and flexible disk drives, please refer to separate
documents. Titles and Printed matter numbers can be found in the Service Infor-
mation binder under Index of Current Literature.

Tips for the reader:

@ A byte consists of eight bits if nothing else is said.

e Bit 0 always designates the least significant bit of a word. E.g. bit 7 (for data)
or bit 15 (for addresses) is the most significant bit. Bit is often written b, e.g. b7
means bit 7.

e X or —in register descriptions normally means don’t care bits.

® A pin of an integrated circuit or of a connector and sometimes a bit in a register
is indicated as a number after a colon. E.g. pin 12 of IC25 will be written as 25:12,
pin 2 of connector P1 could be indicated as P1:2.

® A bar over a signal name or a circle on a drawing of a wire or before a signal
name indicates that low level is active (or negative logic for buses). E.g. °Bus
addressing means that addressing from bus takes place when the signal “Bus
addressing is low.

The specifications in this publication are subject to change and supplementation
without notice.

It is possible that this manual contains information on Alfaskop products or functions
no longer or not yet available in your country. This shall not be construed to mean
that an announcement of such Alfaskop products or functions will be made in your
country.

This is a revised edition of publication E9000 3062E-2. A new chapter Display Unit, DU 4113, has been added.
The chapters 7, 9, 13, 15 - 16, 19 — 20 and 22 — 23 will be updated as soon as possible but until then, some of the
references to the Microcomputer chapter are actually found in the Communication or Power Supplies chapters.

©1984, Ericsson Information Systems AB,
Data Terminals
Documentation

S-175 86 Jirfilla, Sweden
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Reader comments

You can help improve future editions of this document by answering the following
questions and sending us your comments.

1. Document name and number:

2. My job:

3. I have used this document
O To acquire general information (for

O As a technical manual (reference book)

O As atextbook in a course'(trainee)

O As source material for teaching a course (instructor)
Comments:

4. I think this document is
O Easy to find things in
O Easy to find things in with some reservations
O Difficult to find things in
Comments:

(" 5. I think this document is

O Easy to understand

O Easy to understand with some reservations
O Difficult to understand

Comments:

|

6. I think this document is
O Well illustrated
O Poorly illustrated
Comments:

7. I think that this document provides
O Fuli coverage of the subject at hand
0O Poor coverage (essential parts are lacking)
Comments:




8. I think that this decument is
O Well adapted to my skills and knowledge
O Poorly adapted to my skills and knowledge
Comments:

ERICSSON Z

9. Other comments:

We appreciate your cooperation.
Please send your answers and comments to

Ericsson Information Systems AB-
Alfaskop

Documentation Department

S-175 86  Jarfilla, Sweden
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ERICSSON 2 General Concepts 1

Introduction

This chapter contains a brief presentation of the hardware components
of Alfaskop System 41. For detailed information on combination
possibilities for different emulations (IBM 3270, UTS 400 etc.) look
in the respective reference manual.

System Architecture

Some Configuration Examples

Fig. 1 shows a single display unit connected to a computer via modem and
telephone lines (remote connection). Descriptions of modem interface
logic boards are found in the SCA and ACA chapters.

Host _
computer §

Display Unit 4110
with Keyboard Unit N
4140 and Keyboard
Expansion Unit 4141

Flexible Disk Unit 4120

Fig. 1. Example of single display unit configuration

A flexible disk unit is connected to the display unit via a two-wire cable.
A coarse description of the two-wire interface of the system units can be

found in the Microcomputer chapter. A printer is connected to the
display unit via a V24/V28 cable.

EE355-810D
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Host i
computer {
Communication
Processor 4101

Flexible Disk Unit 4120

Max 3
peripherals

. ____ . __onsame . - —_— . —
2-wire connec-
. tion

Printer Unit 4154

Printer Unit 41563

(V.24/28)
Display Unit 4110

. Flexible Disk Unit 4120
with Keyboard Unit .
4140 and Keyboard Display Unit 4110 -
' Expansion Unit 4141 N with Keyboard Unit
4140 and Keyboard
Work station Expansion Unit 4141

Fig. 2. Example of terminal cluster connected remotely to host computer

Fig. 2 shows an example of a cluster configuration (more than one ’
terminal using the same line to communicate with a computer). The )
communication processor communicates with display units and flexible

disk units via two-wire cables. The printers are connected to display
units via V24/V28 cables.



General Concepts
Fig. 3 shows some of the components of units used in single configurations.
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Fig. 3. Single display unit configuration details
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General Concepts
Fig. 4 shows the components of units used in remote cluster configurations.

Note that a communication processor for remote connection to a host

computer (CPR) is shown.
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Fig. 4 Remote cluster configuration details
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Fig. 5 shows the components of units used in local cluster configurations.
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Fig. 5 Local cluster configuration details
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6 General Concepts
Abbreviation List
ACA = Asynchronous communication adapter
BXM = Boardexpansion module
CCC = Channel communication controller
CIB = CCCinterconnection board
CP = Communication processor
CPB = CPboard
CPL = (CP,local
CPR = CP,remote
CPS = CPpowersupply
CRU = Cathode ray tube unit
CIF = CPandterminal fan
DPS = Display terminal power supply
DTC = Display terminal controller
DU = Display unit
FD = Flexible disk unit
FDA = Flexible disk adapter
FDD = Flexible disk drive
FDP = Flexible disk processor
FPS = Flexible disk power supply
KB = Keyboard
KBC = Keyboard controller
KBU = Keyboardunit
KXB = Keyboard expansion board
KXU = Keyboard expansion unit
MIA = MID adapter
MID = Magneticidentification device
MRO = Memoryboard, RO memory
MRW = Memoryboard, R/'W memory
PTC = Printer terminal controller
PU = Printer unit
SCA = Synchronouscommunication adapter
SCC = Synchronouscommunication controller
SPA = Selector pen adapter
SPD = Selector pen device
TAB = TUA interconnection board
TIA = Two-wireinterface adapter
TUA = Terminal unit adapter
UPS = Universal power supply

ERICSSON 2
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Microcomputer 1

General

All main units of Alfaskop System 41 include a microcomputer. The
purpose of this chapter is to describe the common attributes of the different
M6800 family based microcomputers. Thus e.g. the most common LSI
circuits of the M6800 family, the bus system, the addressing modes, the
interrupt handling and the employed direct memory access method are
described in this chapter. Even more detailed information on the M6800
family can be found in Motorola Semiconductors: Microcomputer
components.

This chapter is directly applicable for the microcomputers in DU 4110,
CPR 4101, CFU 4103 , and in the communication processor parts of
CPL 4102. (The reader ought also to be familiar with this chapter before
studying the chapter on FD 4120.) The main functional blocks of the
microcomputer are shown in Fig. 1.
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Microcomputer, basic block diagram




Microcomputer ERICSSON 2

These are:

® Microprocessing unit, MPU
® Timing logic
® Memory
®

Address decode, bus timing and parts of memory access multiplexing
logic

® Interrupt control logic

e IPL ROM, i.e. a read only memory containing the necessary program
for initial program loading

The microprocessing unit used is of the M6800 type or similar, thus with
an 8-bit data bus and a 16-bit address bus. No specific I/O instructions
are used, but registers of peripheral circuits like parallel interface and
serial interface adapters are addressed just as memory locations. The
MPU is described in detail below.

Microprocessing Unit, MPU

In this paragraph the hardware and software attributes of the MPU are
dealt with. The MPU is an 8-bit parallel three-state device. It has 16
address bits and is thus capable of addressing 65,536 memory locations.
See Fig. 2.

Processor
Conirol

"DBE TSC BAFALTNMI Resat

&

Accumulator A | Accumulator B
Index register 01
Stack pointer

Program counter
cer: [H[1IN]zZ] V]C

A ] T | f

8 bit 6-bit RIW VMA d  +5Ve2 Reset,
data address Bus
bus bus contfrol

Fig. 2. MPU registers and signals

MPU Registers

Seen from the outside, the MPU contains six registers; three one byte
registers and three double byte registers. The one byte registers are:

@ Two accumulators named ACCA and ACCB used for storing operands
for and results from operations.
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Microcomputer 3

A condition code register, CCR, with 6 flag bits (b7 and b6 are always
ones) signalling the result of a previous operation. The meaning of
the different CCR bits, when set, are:

b5 H A preceding operation (e.g. ADD, SUB, CMP) resulted in a
half-carry from bit 3 to bit 4.

4 1 When this bit is reset, the MPU will service a maskable

interrupt request (IRQ). It will be set when an interrupt

occurs, thus hindering or “masking” further interrupts (IRQs).

3 N The result of a preceding operation is negative (bit 7 of
result = 1).

2 Z The result of a preceding operation = 0.

1 V A previous operation resulted in 2’s complement overflow,
i.e. a limit of the number area [— 128, 127] was passed.

0 C ' A carry from bit 7 was produced by a preceding operation

or a borrow to bit 7 was needed to make the operation (SUB
or CMP).

Detailed information on which CCR bits that are affected by a certain
instruction is found in Fig. 4.

The 16-bit double- registers, mostly used for addressing, are:

EE356-810D

Index register, which reduces program memory requirements as it
can be loaded with a different memory address from the one contained
in the program counter and stack pointer (see addressing modes below)

Stack pointer, which should be initialized to point to the highest address
of the read/write memory area to which the stack function has been
assigned. At a Push data instruction (PSH) the contents of one of the
accumulators (A or B) is stored in the stack and the stack pomter is
automatically decremented. When data from the stack is wanted
back to an accumulator a Pull data instruction (PUL) is used, resulting
in an automatic incrementation of the stack pointer and a following
loading of an accumulator from the memory cell pointed out by the
stack pointer. The stack thus functions as a LIFO (last-in, first-out
memory). The stack pointer is also automatically used at interrupts
and at Jump to subroutine (JSR) and Branch to subroutine (BSR)
instructions. In the interrupt case the contents of the MPU registers
(but the stack pointer) are pushed into the stack and brought back
at the Return from interrupt instruction (RTI). At JSR and BSR only
the value of the program counter (i.e. the return address) is stacked
away and brought back at the Return from subroutlne instruction
(RTS).

Both the index register and the stack pointer contents can be loaded
from or stored into two consecutive memory cells using one instruction.

Program counter. At reset and different interrupts, this counter is
loaded with program addresses (interrupt vectors) stored at specific
memory locations in the highest part of the memory area. The program
counter is then automatically stepped through the program and also

changed at jump or branch instructions. Otherwise it cannot be written
or read.
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MPU Signals

Apart from the 16 address bus lines and the 8 bidirectional data bus lines
there are several other timing and control 31gnals in the system. The
clock inputs to the MPU are:

@1 and @2, complementary, non-overlapping clocks. The cycle time
mentioned in this text is the clock cycle time. During (1 high time the
address is set up and during @2 high time data is set up and read or
written. (On @2 going low.) See Timing paragraph for details.

Normal program execution can be stopped by four external signals,
namely Interrupt request (IRQ), Non-maskable interrupt (NMI), Reset
(R) and HALT.

IRQ input being low will make the processor jump to an interrupt
routine if the interrupt mask bit (I) in the MPU condition code register
is reset.

NMI input going low will always make the MPU jump to an interrupt
routine after the present instruction has been completed.

An incoming interrupt (IRQ, NMI or Software interrupt instruction)
or Reset will set the I-bit to prevent further interrupts (IRQs) from
interfering with the execution of the interrupt routine.

Reset being low will make the processor stop (if it has started). When
Reset goes high again the MPU will fetch the address of the restart
routine from the two highest memory positions (FFFE ;) and FFFF ;4),
load this address into the program counter and begin the restart sequence.
The interrupt mask bit in the CCR will be set during Reset and must
be cleared by the program if service of an IRQ is wanted.

HALT being low will stop all program execution. Interrupts coming
during HALT condition will be preserved and serviced after HALT
has gone high again. If Reset is low during HALT condition, the restart
routine will be entered when HALT goes high again. The MPU will
signal that it is halted with a BA signal (see below).

BA, Bus available, is high when the MPU is halted. BA is also high
when the MPU is waiting for an interrupt as a result of a Wait for
interrupt instruction. The address and the data bus as well as the R/'W
signal (see below) are then in high impedance state.

R/W, Read/Write, signals the peripherals and memories whether the
MPU is in read (high) or write (low) state. R/W is in high impedance
state when the MPU is halted and its buses are available for another
device (e.g. another MPU) to access the memories of the system (DMA,

direct memory access).

VMA, Valid memory address, is low or non-active during HALT. This
signal is active only during the cycles when the memory address from
the MPU should select a specific circuit.

TSC, Three-state control, being high puts the R/W and address bus
lines into high impedance state. The clocks for the MPU, @1 and
@2, should be stopped to prevent false program execution. @1 should
be held high.

DBE, Data bus enable, which is generally tied to @2, low, puts the
data bus input/output in high impedance state (allowing DMA).

Nt

.
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The drawing symbol is shown in Fig. 3.

MC 6800
7
BAF=
CF;U VMA -57
_3 gy R/VW 4
YA PP a0 F—
_‘LQ.Q R a1 10
—€ 1pge “3_1'%'_
—SaHALT A3
_:2.3_..1'5(: N4 _l.l
—4ara nsﬁ
—Sao Nl 2?_1_5_
] Do) gg‘._lz;
g2 AloHL
Qo3| Antsl
29 D4 A12 22
—3%— DS A13}es
—=Z 1ps A4l
28 Jo7)  aiskeR

Fig. 3. CPU drawing symbol

Instruction Set and Addressing Modes

The instruction set is shown in Fig. 4. The seven addressing modes mentioned
in the headings of the instruction set are described below:

EE356-810D

Immediate addressing or zero-level addressing. In this case one operand
is found in the memory cell (two cells for index register and stack
manipulations) immediately following the operation code location.

Direct and extended addressing or one-level addressing. In these
modes the operand or the operation code of the next instruction at
a jump instruction is found in the cell pointed out by the byte (for
direct addressing) or 2 bytes (for extended addressing) following the
operation code. Thus, with extended addressing it is possible to reach
cells 00006 through FFFF ;¢ but with direct addressing only cells
0 through 255 in the memory map.

Indexed addressing. In this case the effective address of the operand
location is formed by adding an offset from 0 to 255 (contained in the
second byte of the instruction) to the 16-bit address contained in the
index register.

Relative addressing. Here, the meaning of relative addressing (used
for the branch instructions) is restricted to the case when the address
to the next instruction is relative to the address of the cell following
the two branch instruction bytes. Note that, as the relative address is
expressed in 2’s complement, it is a number between — 128 and + 127.
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ACCUMULATOR AND MEMORY INSTRUCTIONS

ADODRESSING MODES BOOLEAN/ARITHMETIC OPERATION COND.CODE REG.
IMMED DIRECT INDEX EXTND IMPLIED (Al register iabels 5{4]3121110
OPERATIONS MNEMONIC| OP ~ =|OP ~ =|OP ~ ={Qp ~ =|QOP ~ = refer to contents) HIN]z|vE
Add ADDA 36 2 2|88 3 2{AB 5 2|BB 4 3 A+M A Sledt it
ADDE cB 2 2|0B 3 2|EB 5 2|FB 4 3 B+M -B - tledi |t ]!
Add Acmltrs ABA 1B 2 11 A+8 A tle |t t]!
Add with Carry ADCA 89 2 2799 3 2!A9 5 2|m3 4 3 A+M+C -A ettt
ADCB €9 2 2{09 3 2{E3 5 21F9 4 3 B+M+C -B ettt
And ANDA 8 2 2]194 3 2|A4 5 218B4 4 3 A-M A efe|!|liRie®
ANDB Ca 2 2|04 3 2]E4 &5 2|F4 4 3 B-M +B ole|l|}|R|e
Bit Test BITA 85 2 2195 3 2|A5 5 2!/B5 4 3 A-M ele|ijl|R|e
8ITB C5 2 2|D5 3 2|E 5 2|F5 4 3 B'M elo|!l]|R|e
Clear CLR 6F 7 2|7F & 3 00 -M e|e|RIS|RIR
CLRA 4F 2 1 00 :A ele|RISIR|R
CLRB 5F 2 1 00 -8 o8 RIS|R|R
Compare CMPA 81 2 2{91 3 2|At 2481 A M ele|t |ttt
CMPB ct 2 2901 3 2fE1 5 2(F1 4 3 B-M olofli|iji|}
Compare Acmltrs CBA 1 2 1 A-B DI IRE R RN
Compleiment, 1's com 63 7 2{713 6 3 Mm-M o|le|l|i|R]S
COMA 43 2 A A ee|!|l|RIS
comg 53 2 1 B -8 eje|! i [|R(S
Complement, 2's NEG 60 7 2|7 6 3 00-M M ool DD
{Negate) NEGA 40 2 1| 00-A-A ole|l|1DD
NEGB 5 2 1]|00-8 -8 ele|t|!1|D@
Oecimal Adpust, A DAA 19 2 1 Converts Binary Add. of BCD Characters |@je |1 (1! 11®
into BLD Format
Decrement DEC 6A 7 277A 6 3 M1 M sleil|ll4|e
DECA 4A 2 1 | A-1-A elellftidle
DECB 5A 2 1 8-1-8B ele|lltld|e
Exclusive OR EORA B8 2 2{98 3 21A8 5 2(BB 4 3 ADM-+A sle|l|[1[R|e
EORB cg 2 2{D8 3 2|E8 S5 2|F8 4 3 BOM B ofelfil|R|e
Increment INC sc 7 201 6 3 M+1-=M olel|i|1[®) e
INCA 4 2 1| A%l A ola|1|1|B)e
INCB 5C 2 1 [B+1 -8 ololl|t®e
Load Acmity LDAA 86 2 2|9 3 -2{A6 5 2(B6 4 3 M-A ofe{lt/R|®
LDAB €6 2 2{D6 3 2|E 5 2|F6 4 3 M -B ele|l|lIR|®
Or, Inclusive ORAA 8A 2 2|9A 3 2|AA 5 2|BA 4 3 A+M-A ele|!l|l|R|e
ORAB CA 2 2|DA 3 2]EA 5 2|FA 4 3 B+M-B eteoll|i|R|e
Push Data PSHA 36 4 1 A -»Mgp, SP ~ 1 ~SP olojo(o|e|o
PSHB 37 4 1| B-Mgp,SP-1-SP cje|e|o|o|e
Pyil Data PULA 32 4 1| 8P+1 -SP,Mgp—A ?lcle|o|o|e
PULB 33 4 1| SP+1--SP,Mgp -8B olololelo|e
Rotate Left ROL 639 7 2|19 6 3 M — ele|i[1|@®!
ROLA 49 2 1 A}I:D’—m]:f[g:] eleli[1®)!
ROLB 59 2 1|8 C b7 T n0 olefi|1[@t
Rotate Right ROR 66 7 2{76 6 3 M ele|t|1|®|1
RORA 46 2 11 A m ejoilit i
RORB 56 2 1|8 C b7 ™ b0 BOHGH
Shift Left, Arithmetic ASL 68 7 2|78 6 3 M - elo|t|tl !
ASLA 48 2 1 A 0 - OIIITTIs-—-0 ololt|1|@®)!
ASLB 58 2 1|8 C b7 b0 ololi1®!
Shift Right, Arithmetic ASR 6/ 1 2|17 6 3 M} — ofleft! |1 @ 1
ASRA @ 2 | ap o - o oleli 1@
ASRB 57 2 1 B b7 bo c sleft|1B)!
Shift Right, Logic LSR 66 7 2|7 6 3 M - elelrI1|®) !
LSRA 4 2 1|aA 0—-COIIIIl — g ejo|R!! !
LSRB 5 2 1|8 b7 M c elolr|1|@)]1
Store Acmiltr. STAA 97 4 2[A7 6 2|87 5 3 AN ofeiilliR|®
STAB 07 4 21E1 6 2{F/ &5 3 B--M sieil|l|R|@®
Subtract SUBA 80 2 2|9 3 2|A0 5 2|BO0O 4 3 A-M A ele|f i1}t
suss €0 2 2{Dp0 3 2(ED 5 2/FO0 4 3 B-M-—B eleftititit
Subtract Acmltrs. SBA 0 2 1} A-8B+A efejtltiift
Subtr, with Carry SBCA 82 2 2092 3 2(A2 5 2(B2 4 3 A-M-~-C-~A LICIRRRIRER:
SBCB €2 2 2|D2 3 2|€E 5 2|F2 4 3 B-M-C~B ele|tli|1]!
Transfer Acmitrs TAB 16 2 t}|A-8 eflofl|1R|@
TBA 17 2 1{8B-A elefl|!|R|e
Test, Zero or Minus TST 60 7 2|70 6 3 M - 00 elefl[1IRIR
TSTA 40 2 1| A-00 @je|i|l[R}R
TSTB 50 2 1 B - 00 efe|!|!|R|R
Hi1[N|Z|V|C
LEGEND: CONDITION CODE SYMBOLS:
OP  Operation Code {Hexadecimal); + Boolean fnclusive OR;
~ Number of MPU Cycles; Oj Boolean Exclusive OR; Half-carry from bit 3;
= Number of Program Bytes; W Complement of M; Interrupt mask
* Arithmetic Plus; . Transfer Into; Negative {sign bit)
Arithmetic Minus; 0 Bit = Zera; Zero {byte)
Boolean AND; 00  Byte = Zero; Overtlow, 2's comptement

Mgp Contents of memory location pointed to bé Stack Pointer;

Note - Accumulator addressing mode instructions are included in the column for IMPLIED addressing

Carry from bit 7
Reset Always
Set Always

@~ HDOINZ T I

Not Affected

Test and set if true, cleared otherwise

AA MOTOROLA Semiconductor Products Inc.

Fig. 4a Instruction set
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INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS

COND. CODE REG.

IMMED DIRECT INDEX EXTND IMPLIED 514/3{2[110
POINTER OPERATIONS MNEMONIC [ OP |~ | = [OP] ~! = [OP |~ | =|0P|~ | = 0P|~ | = BOOLEAN/ARITHMETIC OPERATION [H{IIN[ZIVIC
Compare Index Reg cPx sc 3| 3]sc]|alz2|ac|s]z2]ec|s]|3 XH-M XL = (M+1) ole® o
Decrement Index Reg DEX 09 4 |1 X-1-X eleo e llele
Decrement Stack Pntr DES 34141 SP - 1-SP e©le ele oo
Increment Index Reg INX 084 |1 X+1=X eloje|ijoje
Increment Stack Pntr INS 341 SP+1—8pP oo oo/
Load Index Reg LDX CE|3| 3|DE| 4| 2|EE| 6|2 |FE|5 |3 M—=Xy, (M+ 1) =X OIS
Load Stack Pntr LOS 8E | 3| 3|9E| 4| 2|AE|6 |2 |BE|5 |3 M - 8Py, (M + 1} = SP_ o|o[@®)|:|R|e
Store Index Reg §TX DF| 5| 2 |EF}7[2|FF|6 {3 XH—M X =~ (M+1) ® .@ iiR|e
Store Stack Pntr 87§ 9F | 5| 2|AF|7 | 2BF|6 {3 SPH M, SPL (M +1) DROHEIL
Indx Reg — Stack Patr TXS B4} X-1-~85P ®|o 06 o0,
Stack Pntr — Indx Reg TSX 041 SP+1—~X ele ooiole,
JUMP AND BRANCH INSTRUCTIONS
COND. CODE REG.
RELATIVE | INDEX EXTND IMPLIED 5/4(3}2|110
OPERATIONS MNEMONIC | OP |~ | #|oP|~| #|op| ~|#|opP|~ |# BRANCH TEST HI 1 [N[Z]VIC
i Branch Always BRA 2004 (2 None ej{o | o|o |80
(- Branch If Carry Clear BCC 24 (4|2 c=0 el e|ej o0 0
Branch It Carry Set  * BCS 2542 c=1 e/ o s 0 0|0
Branch If = Zero BEQ 27| 4|2 Z=1 e o ol 0e|ofe
Branch } = Zero BGE 2C| 4 (2 N®V=0 el o|e| ®|0}0
Branch if > Zero BGT 2614 |2 Z+IN@V)=0 e/ o/ e 0o
Branch H Higher ' BHI 224 (2 C+2=0 o/l e e|e|o|e
Branch It < Zero BLE F1 4|2 Z+(N@V)=1 o/ o|oje|le|e
Branch if Lower Or Same BLS 231412 C+2= ol o e/ 0|lo|e
Branch If < Zero BLT 20042 N@V= e o e/ o|leoje
Branch If Minus 1] 28|42 N= o/le/o|e|lole
Branch If Not Equal Zero BNE 26142 2=0 el ele|l e|e|e
Branch If Overflow Clear BVC 8|42 V=0 ejejo/ec|ole
Branch If Overflow Set BVS 29142 v=1 el oo/ 0jo|0
Branch If Plus BPL A 442 N=0 el elolo|e|o
Branch To Subroutine BSR 80| 8|2 el oo/ e|e|e
Jump JMP GE| 4] 217E| 3| 3 el e/l o0l e @
Jump, To Subroutine JSR AD| 8] 2|8BD; 9|3 R EEIEIERE]
No Operation NOP orfz |1 Advances Prog. Cntr, Only o]/ oo/ o|e|e
Return From Interrupt RT! V|10 1
Return From Subroutine RTS . 39 1 e! @ oo eol|e
Software Interrupt Swi F 11241 ol ool o|le|e
Wait for Interrupt* WAl 3E 1 e @ ol ol el|e

*WAI puts Address Bus, R/W, and Data Bus in the three-state mode while VMA is held low.

CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS

" COND. CODE REG.

PN

{ IMPLIED s|al3]2]1]0
OPERATIONS MNEMONIC |OP| ~ | = | BOOLEANOPERATION| H| 1 IN[Z |V | C
Clear Carry CLC oci2 i1 0-¢C e(s|e (oo R
Clear Interrupt Mask cLl 0E+2 |1 [iEd] ©iR|®|o|e| e
Clear Overflow cLv 6Al 2 [ 1 0=V e|e|e (e Rie
Set Carry SEC 0|2 |1 1-¢ e|lolalo|els
Set Interrupt Mask SEl gF |21 11 @/ 5|e|eje|o
Set Overflow SEV 0B |21 1=V ejle|eioeiSie
Acmitr A~ CCR TAP 06|21 A-CCR — ()
CCR - Acmitr A TPA 07|21 CCR—A o|lo|oje|e]|o

CONDITION CODE REGISTER HOTES:  (Bit setif testis true and cleared otherwise)

1 (Bit V)  Test: Result = 100000007 7 (Bit N} Test: Sign bit of most significant (MS) byte = 1?
2 (Bit €}  Test: Result = 000000007 8 (Bit V)  Test: 2's overflow from sut ion of MS bytes?
3 {Bit C)  Test: Decimal value of most significant BCD Character greater than nine? 9 (Bit N}  Test: Result fess than zero? (Bit 15= 1)
(Not cleared if previously set.) . 10 (Al Load Condition Code Register from Stack. (See Special Operations)
4 (BitV) Test: Operand = 10000000 prior to execution? 11 (Bit))  Setwhen interrupt octurs. If previously set, a Non-Maskable
5  (BitV) Test: Operand = 01111111 prior to execution? Interrupt is required to exit the wait state.
[ (Bit V)  Test: Set equal to result of N@C after shift has occurred. 12 {AID Set according to the contents of Accumulator A.

. MOTOROLA Semiconductor Products Inc.

Fig. 4b  Instruction set
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Example:
Contents Consecutive values (hex)
ofcells of program counter
«— 37F0
Branch instr. code 206y |« 37F1
Relative address 026 |« 37F2]
«— 37F5«~—= (37F3 + 02)

@ Implied and accumulator addressing. The instructions using these
addressing modes are one byte instructions, where the operand or
operands are understood from or contained in the operation code.
Mostly these are instructions affecting only one or two MPU registers.
For the Push data (PSH), Pull data (PUL), return (RTI, RTS), Software
interrupt (SWI), and Wait for interrupt (WAI) instructions, however,
memory locations indicated by the stack pointer are also affected.
The No operation (NOP) instruction is special in that it only advances
the program counter one step and introduces a delay of two MPU
cycles before active program execution is resumed.

Interrupt Handling

General

Please refer to Fig. 1.

The MPU only reacts to four interrupts (Reset, Non-maskable interrupt,
Software interrupt and Interrupt request, see Fig. 5). More interrupts are
wanted and an interrupt logic is therefore contained in the microcomputer.
This logic permits eight interrupts to use the IRQ line to the MPU.

In addition to the possibility to mask all IRQs by setting the I-bit of the

-MPU condition code register (CCR), the MPU can set a value between

0 and 7 in a mask register to prevent IRQs below the handeled level from
interrupting the program execution. IRQ 7 is the highest priority interrupt
and IRQ 0 the lowest. Thus, if e.g. the mask register is set to 5, only
interrupts on level 5, 6 or 7 will activate the IRQ line to the MPU.

The MPU reacts to an IRQ (if the I-bit is reset) by:
e Completing the execution of the present instruction and stepping the

program counter to point to the next instruction

e Saving the contents of its registers in the stack (contents of program
counter = return address, etc)

@ Trying to fetch the address to the interrupt routine from the memory
cells FFF8 ;5 and FFF9 ;¢

® Setting the interrupt mask bit of the CCR to disable further IRQs.
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When returning from an interrupt routine (by the RTI instruction) the
registers of the MPU get their old contents back from the stack. Thus the
execution of the interrupted program is resumed. Note that the I-bit
value is 0, i.e. not changed when stored in the stack.

PROGRAM FLOW FOR INTERRUPTS
Wait Fgr Hardware Interrupt or
Software Interrupt Interrupt Non-Maskable Interrupt (NMI)
Main Program Main Program Main Program
n{ 3F=SwW n | 3E=WwWAl
n+1 | NextMain Instr. n+1 | Next Main Instr. n | Last Prog. Byte
. ) J A\ J - J
~~" —~"
Continue Main Prog.
n+1 | Next Main Instr
Stack
SP—> m -7
Stack MPU m Condition Code

Register Contents :$ m—5] Acmit.8

m — 4] Acmitr. A

m — 3| Index Register (Xy)

m — 2| lIndex Register {X})

m—-1} PCin+ 1)H

m} PCin+ 1)L
SWI HDWR WAL NMI < Restart >
INT
FFFA FFF8 FFFC | FFFE
§ Fres | Adidi FFFO § FFFF
Interrupt Memory Assignment! l
. Set Interrupt
FFFR | Constant, Hdware MS_ Mask (CCR &)
FFF9 Constant, Hdware LS {
FFFA | Software MS First Instr.
FFFB | Software Ls :> Adir- Formed Load Interrupt
- By Fetching Vector into
FFFC | Non-Maskable Int. | MS 2-Bytes From Program Counter
FFFD | Non-Maskable Int. | LS Per. Mem.
FEFE | Restart MS Assign. l
FFFF | Restart L3 A
r interrupt Program A
NOTE: MS = Most Significant Address Byte; f [ 1st interrupt Instr.
LS = Least Significent Address Byte;
Fig. 5. Interrupt sequence

EE356-810D
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Address Modifier

When the MPU addresses cells FFF8(16) and FFF9(16), an address modifier
will change the addresses to a pair of addresses in the area FFE8;5) —
FFF7 1) depending on the highest priority valid interrupt in an interrupt
register. That is to say, if the interrupt register still holds an interrupt
with a level higher than or same as the actual mask level when FFF8;¢, is
applied, the MPU will fetch the address to that specific interrupt routine
when addressing cells FFF8 ;) and FFE9;6). Note that address modification
only occurs for addresses FFF8,;¢) and FFF9 6 from the MPU.

See Fig. 10 for detailed information on interrupt vector addresses.

Mask Register

The mask register is set to an associated value if a specific vector address
in the area FFE8 ;) to FFF7 44 is applied on the address bus from the
MPU. If the MPU e.g. reads cell FFES8 ¢, the mask will be set to zero
and all interrupts will be permitted in case the MPU CCR I-bit is reset.
No address modification will take place; the read operation will fetch
the address to interrupt routine 0 to the MPU from the IPL ROM. If no
change of the MPU register contents is wanted when setting the mask
value, a write operation should be performed.

Interrupt Register

The interrupt register latches the state of the IRQs at the beginning of
each @2 period except when cells FFF8, 9, A, or B(1) (IRQ or SWl vector)
are addressed by the MPU. The reason for not latching is that the modified
address lines should be stable when the MPU fetches a vector.

Generation and Direction of IR(Qs

As mentioned above, there are eight possible incoming IROs.

Several IRQs originate from sources where the IRQ is stable. The reset
of such an IRQ, which has to be done before clearing the MPU I-bit, is
generally performed by reading a specific register of the interrupting
circuit.

Some interrupts may originate from circuits that only provide a short
pulse that could disappear before the program is ready to be interrupted.
To prevent this, at least one IRQ is coupled to the interrupt register via
a latch. This latch may be reset by resetting a bit of a MIC PIA register
(microcomputer peripheral interface adapter), but is unconditionally
set when an interrupt occurs. Thus, if an interrupt line with a latch is used
for stable interrupts, the MIC PIA bit should always be reset. Otherwise
the IRQ in question would have to be reset by both reading a register of
the interrupting peripheral and resetting the MIC PIA bit.

Interrupts may also be given by the microcomputer to the microprocessor
of e.g. a connected synchronous communication controller (SCC). This
is done when a bit of the MIC PIA peripheral register is set.
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The specific use of the various interrupts in the different microcomputers
of the system is described in the different chapters on the DU, FD, CPR
etc. Detailed descriptions of the locations of the different interrupt vectors
and addresses for mask setting is found in the memory maps.

Interrupt Priority and Address modifier (FPLA)

The interrupt priority control and address modification is made by an FPLA
(field programmable logic array). See Fig. 6. The logic array is programmed
to generate certain outputs in response to different combinations on the
inputs. The programming is shown below:

Activatinginput combinations (pin 19 = 0V) Activated output
Internal | Al= | Mask Interrupts from Signals | Active Comments
address | FFEX | reg latch level
4321 FFFX|321]765 43210
Active level
( 1111 0 1717100000000
000111111 10%
oo011T11t1110X
01011 1110XX Only valid interrupts
01 1{11110XXX IRQ Low | aresignalledon
XXXX X 10011 10XXXX IRQline
1011 10XXXXX
1T10[1T0XXXXXX
1110 XXX XXXX
01XX| o0 . FFE8-F
10xxl o X X XX X X X X X X X| Setmask | High FEFO-7
110X/ 0 [XXX|XXXXXXXX| IRQ,SW High | FFF8-B
vector fetch**
0000 P4-1=0000
0001 0001 . .
0010 X IXXXIX XXX XXXX 0010 No modification
0011 0011
§ 0100] X | XXXXXXXXXXX 0100 No modification
{ 1 00 0 o0o00f1tT1T111110 0100 10 vector addr—FFES8, 9
0101 X [ XXXIXXXXXXXX 0101 No modification
1100 o 00™M™M1111110X 0101 11 vectoraddr—FFEA, B
0110 X [XXX|XXXXXXXX 0110 No modification
1100 0 01091111 10XX 0110 12 vector addr—FFEC,D
( 0111 X I XXXIXXXXXXXX 0111 No modification
1100 0 0111 1110XXX 0111 13 vector addr- FFEE, F
000 X XX XXX XX XXXX]| 1000 No modification
100 0 170001 110XXXX 1000 14 vector addr—FFFO, 1
1001 X IXXX[XXXXXXXX 1001 No modification
t100| O 10111 0XXXXX 1001 15 vector addr—-FFF2, 3
1010 X [ XXX[XXXXXXXX 1010 No modification
1100{ O 1101 0 X X X XXX 1010 I6 vector addr—FFF4,5
1011 X IXXXIXXXXXXXX 1011 No modification
1100 0 T1TP0 XX XXX XX 1011 17 vector addr—FFF6,7
1100} 1 XXXIX XX XX XXX 1100 No modification
1100 0 No one comb marked 10-17 1100} Default vector address
1101 1101
1110 X [ XXXXXXXXXXX 1110 No modification
111 1N

1=-+TTL 0=0V X = Don'tcare * or lower mask value * or higher interrupt
** Inhibits setting of the interrupt register

EE356-810D
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oV
Inputs l Outputs
17 CE
16
I5
14
I3 1RQ
12 Set mask
11 IRQ, SWI vector fatch
10 Pi
M1 ‘ P2
Mz | | P3
M3 P&
AI(15-5)
Al
Al2
AT3
Al4

I = Output from interrupt register
M = Output from mask register
Al = MPU internal address bus
® (15—5) = FFEXto FFFX
® 1,2, 3,4 = bitnumbers
P3 - 1: Input to mask register
P4 —1: Used for address decoding

Fig. 6. FPLA inputs and outputs

Peripheral Interface Adapter, PIA

A peripheral interface adapter, PIA, is used in several places in the
equipment, but the hardware description is placed here in connection
with the microcomputer PIA, MIC PIA, used for interrupt control. The
programming of the MIC PIA is discussed together with the microprocessors
of each specific unit as it varies between them.

Signals

The PIA is typically used as an adapter between the 8-bit MPU data bus
(D 7 through 0, see Fig. 7) and two peripherals with parallel 8-bit interfaces.
The peripheral pins (PA7-0 and PB7-0) can be individually programmed
to work as outputs or inputs. Each side (A and B) has two peripheral
control lines (CA1 and CA2/CB1 and CB2 respectively) with programmable
functions and an associated interrupt request lines (IRQA/IRQB). The
TRQ outputs can e.g. be or-wired to the MPU IRQ input or each one
tied to a priority interrupt controller input if different interrupt levels
are used and/or fast identification of the interrupt source is wanted.
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MC 6820 MC 6821
RGA
PR Foee—57
L2 1c ca be—20
2l ir/y ca2 le>=2
_J.iq R (PAO o
=8 _1rso PAL
35 e PA2|
-33-2 fe0 <> PR3 5
Ligcse PAS |—7—
PAS F—a—
PA7 =
| GEB
33 1oey  |Peal—i2
i—a— 01| |PB3 __L_-—-l-f-
D2 PB4
..§.Q.‘_ 03 > PBS _.._..15..
29 _1p4 peg —Iib-
28 1ps P87 —ai1L
<2 1pg ce1 fe—if
o8 07 cB2 lea-12-

Fig. 7. PIA drawing symbol

Registers

Each side of the PIA has three 8-bit registers associated with it. These
are:

Data direction register (DDR). If a bit in the DDR is one the
corresponding peripheral line will function as an output.

Control register (CR), containing interrupt flags, interrupt mask and
control, address control and control of the function of the peripheral
control line CA2/CB2 (input or output).

Peripheral register (P), containing data to/from the peripheral.

At reset all register contents are taken to zero.

The addressing of the six registers is made with the two register select lines
RS1 and RS0 and one bit (bit 2) of the control register (to choose between
DDR and peripheral register). At a specific time thus only four registers
are available for the MPU as only two address lines are used:

EE356-810D
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Controf
RS1|RS0 Register Bit Location selected
CRA2 | CRB2

0|0 1 X Peripheral Register A
0O 0 X Data Direction Register A
0 1 X X Control Register A
1 ] X 1 Peripheral Register B
110 X 0 Data Direction Register B
1 1 X X Control Register B

X = Don't care

The control registers for the A and the B side are similar with one exception
and the format is therefore only described for CRA with the exception
pointed out:

7654321|0
T

LT T[]

|

L— CA1 control
DDR access -
CAZ2 control
IRQA?2flag
IRQA 1flag

Bit(s) Comments

7 IRQA I, Interrupt flag, goes high on active transition of CAl
and is automatically cleared when the MPU reads the peripheral
register A. It may also be cleared by hardware reset.

6 IRQA 2, Interrupt flag. When CA2 is established as input (b5 = 0):
Goes high on active transition of CA2 and is automatically cleared
when the MPU reads the peripheral register A. It may also be
cleared by hardware reset.

When CAZ2 is established as output (b5 = 1): IRQA 2 = 0, not
affected by CA2 transitions.

5-3 CA2(CB2)established as outputbyb5 =1

b5 b4 b3
1 0 - CA2

b3 = 0: Read strobe with CA1 restore.
CA2 goes low on the first high-
to-low E transition following an
MPU read of peripheral register
A and is returned high by the next
active CA1 transition.

b3 = 1: Read strobe with E restore. CA2
goes low on the first high-to-low
E transition following an MPU
read of peripheral register A and
is returned high by the next high-
to-low E transition.

S
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I—b CB2. The output functions of CB2 will not
be similar to the same of CA2 when the
control register B b5 —4 = 10;). They are
therefore inserted below:

b3 = 0: Write strobe with CB1 restore.
CB2 goes low on the first low-to-
high E transition following an
MPU write into peripheral register
B and is returned high by the next
active CB1 transition. -

b3 =1: Write strobe with E restore. CB2
goes low on the first low-to-high
E transition following an MPU
write into peripheral register B
and is returned high by the next
low-to-high E transition.
b5 b4 b3 '

1 1 0 Reset CA2. CA2 goes low when the MPU
writes b3 = Ointo the control register.

1 Set CA2. CA2 goes high when the MPU
writes b3 = 1into the control register.

CAZ2 established asinput by b5 =0

b5 b4 b3

0 X 0 CA2 interrupt request disable. Disables
IRQA MPU interrupt by CA2 active
transition. IRQA will occur on the next
(MPU generated) positive transition of b3
if CA2 active transition occurred while
interrupt was disabled.

1 CA2 interrupt enable. Enables TRQA
MPU interrupt by CA2 active transition.
b5 b4 b3
0 0 X Active CA2 transition. IRQA 2 set by
high-to-low transition on CA2.
1 Active CA2 transition. IRQA 2 set by
low-to-high transition on CA2.
Determines whether the data direction register or the peripheral
register is addressed
0 = Data direction register is selected.
1 = Peripheral register is selected.
Determine active transition on CAl input for setting interrupt
flagIRQA 1 (CRAbit7)
0 =IRQA issetby high-to-low transitionon CA1.
1 =IRQA isset by low-to-high transition on CA1l.
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0 CAlinterrupt request enable/disable

0 = Disable IRQA MPU interrupt by CA1 active transition.
IRQA will occur on the next (MPU generated) positive
transition of b0 if CA1 active transition occurred while
interrupt was disabled.

1 = Enable IRQA MPU interrupt by CA1l active transition.

Basic Timing

A basic 19.17 MHz clock signal is generated by a crystal clock. From
this clock signal all timing signals, e.g. dynamic memory timing, two-wire
transfer bit clock etc. are derived. Five 2.13 MHz clocks are generated
(T1-T5). Combinations of these are used to define different points of
time during each half of the system clock period. The system clock, &,
(microprocessor instruction clock) has a frequency of 1.065 MHz. It
appears in several phases and with different pulse-pause ratios to compensate
for propagation delays etc. The relations between the basic timing signals
are shown in Fig. 8. Of the signals in Fig. 8; 9.585 MHz, {J signals, RAS,
COL, CAS and WES appear on buses connecting different logic boards.

The MPU demands two non-overlapping complementary clocks. Circuitry
is added to provide these; MPU @1 and MPU 2. These two clock signals
together with the data bus enable signal (DBE) for the MPU (Observe
that these three signals are only fed to the MPU.) differ from the other
@ signals in that they may be frozen (in the @1 state) by a stretch signal.
This signal is generated under certain conditions during a direct memory
access (see Direct Memory Access).

Bus Timing Example

Consider the case when the MPU reads data from the basic read/write
memory area.

® During @1 MPU puts out the new address and read level on the R/'W
line.

@ DMA (92 will enable a ROM used for memory address decoding.
An enable signal for one of the memory blocks will then be produced.
During this time the memory address from the MPU will be applied and
used as row address and column address to the RWM. The generation
of row address strobe, selection of column address and generation of
column address strobe is governed by the RAS, COL and CAS signals
respectively. '

e The internal and external data buses will be connected during @2.
At the falling edge of 2 the data will be read into the MPU.

Programmable Timer Module, PTM

A programmable timer module, PTM, is sometimes tied to the micro-
computer in order to avoid timing loops in the program.

©)
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Fig. 8. Basic timing signals
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The programmable timer module contains three 16-bit counters. Each
one of these may be programmed to produce symmetric or asymmetric
square waves (or single shots) at the respective outputs O1, O2, and O3
and also interrupts on an IRQ output. See Fig. 9. The clock signal for
a specific counter may be selected to be either the 2 signal or a unique
clock signal (C1, C2, and C3 respectively).

MC 6840
=582 PTM=
TR/V g
—Lakr RQ 02—
—drso o012
TRSI Cl'ﬁe—s-
i€ 1rse c1 B
~12dcso 3
3 o2 b—=—
csi oo el
os | 3
0o o el —
550! 03 —E—
D2 v
—£2_1p3 <> o3 <5
£l 154 <<
GJ.%_ADS
lﬁuﬂﬂ?l

Fig. 9. PTM drawing symbol

RS2, RS1, and RSO are used together with the R/W input for register
addressing. See below.

D7 through 0 are used for connection to an 8-bit bidirectional data bus.

G1, G2, and G3 are used as enable signals for the three counters. When
a G input goes low, the associated counter will be restarted (if the PTM
is not reset).

A low level on the reset (R) input will stop all counters and reset the O1,
02, 03, and IRQ outputs as well as all status and control register bits
but the internal reset bit. Furthermore, both the latches (see below) and
the counters of all three timers will be preset to maximum values, and thus,
if not reprogrammed before release, make the longest possible count cycle.

CS1 and 0 are the chip enable signals, needed to transfer data to or from
the PTM.
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The PTM contains one control register for each timer and one status
register. Each timer contains a 16-bit timer latch (write only) and an
associated 16-bit counter. The register addresses are listed below:

Addressinputs Accessed register

RS2 RS1 RSO | Write (R'W =0) Read (R/'W =1)
o o0 o {gontrol register 3 (ifCRZEO i 0) | No reg‘ister

ontrol register 1 (if CR2:0 = 1) | Noregister

0 0 1 Controi register 2 (CR2) Status register (SR)
0 1 0 MSB buffer (timer 1) Timer 1 counter MSB
0 1 1 Timer1 LSBIatcheé* LSB buffer (timer 1)**
1 0 o MSB buffer {timer 2) Timer 2 counter MSB
1 0 1 Timer 2LSBlatches* LSB buffer (timer 2)**
1 1 0 MSB buffer (timer 3) Timer 3counter MSB
1 1 1 Timer 3LSB latches* LSB buffer {timer 3)**

* When writing the LSB latches of a specific timer, the contents of the MSB buffer
will be transferred to the MSB latches of that timer.

** After reading the MSB‘of a specific timer counter, the LSB buffer will, when read,
present the contents of the LSB of that specific counter.

The interpretation of the status register (SR) bits is shown below:

7 6
0

L

3210
0

| [ 1]

L Timer 1 timeout

5 4
00

Timer 2 timeout

Timer 3 timeout

IRQ, interrupt request

Timeout of a counter always sets the associated status bit (SR:2, 1 or 0).
It sets SR:7 only if bit 6 of the associated control register is 1.

All status bits are cleared when the PTM is reset. A status bit thatis present
when the status register is read will be cleared by a following read timer
counter command.

A specific timeout flag (status bit) is also cleared by an initialization or
a write operation into the timer latches of the associated timer.

EE356-810D
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The interpretation of the control register bits is summarized below

(CRX = control register associated with timer No. X)

BitNo. |Bitname Functionif=1 Functionif=0

CRX:7 |Output Output(01,02,0r03) |Output masked
enable enabled

CRX:6 |interrupt SR:7andIRQ No indications on SR:7
enable enabled oriRQ output

CRX:5 |Mode Single shot operation Continuous (cyclic)

(if CRX: |control (Reinitialization needed |countoperation

3=0) for repetitive operation)

CRX:4 |Initialization |GXinputgoinglow Awrite operationinto

(if CRX: |select restarts counter the timer Xlatches

3=0) (SeealsoCR1:0=1) (orGX | orCR1:0=1)

will initialize timer

CRX:3 |Mode Frequency/pulsewidth |Continuous/single shot
control comparison mode mode

CRX:2 |Counting Dual 8-bit counting 16-bit counting mode*
mode mode*

CRX:1 |[Clock Timer X counter uses Timer X counter uses
select clockon @2 input clock on CXinput

CR3:0 |Timer3clock |Timer3clockisdivided |Timer3clockfunctions
control by 8 before applied to asthe otherclocks

the counter

CR2:0 |Controlreg. |CR1may be written CR3 may be written
address

CR1:0 Internal Alltimers preset Alltimers allowed to
reset (Contents of latches operate

transferred to counters)

* The output waveforms and timeout positions (T0) for the two modes are
shown below:

- b (N*1) (T N4INT) == (N+I(T) =
16 bi
mode E I l
]
to T0 TO T0
=TCEATTT ——f=— (M) ——]
Dual !
8 bit
mode | —= (LT = —] ()
ta T0 T0
N = 16-bit number in counter latch.
L = 8-bit number in LSB counter latch.
M = 8-bit number in MSB counter latch.
T = Clockinput negative transitions to counter.
t, = Counter initialization cycle.

TO = Counter time out.
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Memory Organization and Access

Memory Map

The standard memory organization of the System 41 microcomputers is
described here. Special functions and differences will be described in
the respective documentation dealing with the display units, communication
processors, flexible disk units etc.

As shown in Fig. 10, the total memory map is divided into the RWM (read/
write memory) area, the I/O area, and the IPL (initial program loading)
ROM area.

The RWM area is expandable from 32 kbytes to 60 kbytes. For more
than 32 kbytes, however, memory expansion boards (MRW or MRO)
has to be used. The accessible memory area can be decided by strapping.
Strapping information is found in the Installation and Maintenance
) Manual. Parity generation and checking (odd parity) is carried out for
( the RWM area. Thus a 16 kbytes memory block consists of 9 X 16 kbits
memory chips.

Note that the memory map also has got 256 bytes reserved for RWM
with battery backup. (Please refer to the Memory Board RO chapter.)

The I/O area consists of 256 reserved addresses, i.e. addresses to registers
of LSI circuits on the CPB/DTC and connected boards. For communication
processors and display units some of these are associated with circuits
on the internal buses (MIC I/O) and some with circuits on the external
buses (PER I/O). See Figs 1 and 10.

Note that the basic system units (display units, flexible disk units,
communication processors) are accessed via two-wire connections. The
send and receive data registers of the two-wire interface are located at
some of the I/O addresses.

The IPL. ROM area consists of 2 kbytes (in display units and communica-

tion processors) or 4 kbytes (in flexible disk units). It contains programs

for checking of the RWM and ROM areas, and communication and program

(O loading routines needed at power on. It also contains twelve interrupt
' vectors, i.e. addresses to the twelve basic interrupt routines.

EE356-810D



22

Microcomputer

ERICSSON Z

HEX
ADDR
FFFF

F800
F700
F600

F 000

E 000

D000

6000

4000

2000

0000

110 addresses

Max
ROM
on MRO
(24k)

Battery RWM

(onMRO)

Max

RWM

on DTC/

P8/

FOP
Circuits, signals, etc
discussed in this chapter
are only specified here.
Complete memory maps
can be found in the
chapters on the CPR,
CPL,CFU,FD,andDU. ~

ADLC = Advanced data link controller

CPB = Communication processor board

CS = Crosspoint selection

DIA = Display adaption part {on DTC)

DMAC = Direct memory access controller

DTC = Display terminal controller

FDP = Flexible disk processor

IPL = |nitial program load

MCP = Microprocessor control panel

* MPU reading FFF8 — FFF9 will transfer the contents of two cells within FFE8 —FFF9, depending
on highest priority valid interrupt, to the MPU.

** A (read or preferably) write operation into one of the cells FFE8 — FFF7 will result in a setting
of a corresponding mask value. As an example, FFEE or FFEF from the MPU will disabie
interrupts of priority < 3.

*** Not present during the three DMA cycles DMAT1 -T3.

INTERRUPT VECTORS
Reset FFFE, F

Non maskable interrupt (o))
Software interrupt AB
Defautt interrupt 8, 9%
7 6,7
45
2,3

FFEE F [ ¥

D
A B

|

|6

1 5

|4 FFFO, 1
13

|2

[

|

0 FFES, 9
I=peripherat IRQ  7=high priority

F800

MIC
i/0
(MCP)
(MCP)
1

FTF0

PER
1/0

F7E0

F706

PTM F7¢8
PIA F7C4-7 F7C0

MIC 110
MIC
MIC

F78B0

4F1A0

F790

F780

4F770

PERI/O

drr60

F750

cs

PlA F740

JF730

| _ ] | =|ADic F720-3 4-7)  [F720

TW!

JFno
DMAC F700-16

F700

Enable
signal
Enable
signal
Euncﬁon
lock

MIC (I/0) = Microcomputer, central part
(input/output)

MRO = Memory board, read only memory

MRW = Memory board, read/write memory

PER /O = Peripheral input/output

PIA = Peripheral interface adapter
PTM = Programmable timer module
TWI = Two-wire interface

Fig. 10. General microcomputer memory organization

)
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Address Decoding and Direct Memory Access

An address decoder (see Fig. 1) provides chip enable signals for the
various system circuits as the IPL. ROM, PIA etc. It also enables the bus
buffers at the right time. For example, the internal buses will be isolated
from the rest of the system during transfers of data between the memory

" and the two-wire interface (DMA, direct memory access, transfers).
This means that during a cycle when the MPU is doing internal work
(e.g. aregister to register transfer), i.e. when no relevant or valid memory
address is present, or when the MPU is just needing the internal buses
to reach a circuit, the DMA logic does not need to steal any clock cycle
from the MPU, which would slow down the program execution. Thus the
DMA logic may access the memory via the external buses in the same
time as the MPU communicates with, say, the peripheral interface adapter,
MIC PIA, via the internal buses.

The DMA method is described in the paragraph Direct Memory Access.

( Address Decoder (FPLA)
The address decoder consists of a field programmable logic array, FPLA.
See table below. According to the state of the address bus from the MPU
and other signals shown in the block diagram (Fig. 1) the address decoder
provides circuit enable signals for different groups of circuits, on the
internal buses and the external buses, and a stretch signal for the timing
logic. See DMA Timing paragraph.
Activating input combinations Activated cutput |Comments
A15-4 |, °DMA |DMA | .. Active
Hex VMA |2 [T1-3 [Siandl Jievel
000-F6F Low [Low (X Low
F70-F71 Low X High Stretch Low «—DMAC addressed
F72-F7B Low |Low (X Low
( F7E Low |Low |X Low
Fe0—F6F Low High |X BAT MEM | High Battery RWM enable
F70-F71 Low X Low Low -
F72—F7B Low |High |X PERIO  |Low Smﬁc ﬂg"é&”ﬁi"iﬂf
) F7E Low |High |X Low g ¥
(‘ F7C-F7D Low X X High External data bus
F7F Low |X X MICKO  |High read disable
F80—FFF Low |X X High || <(IPLROM addressed)
F80~FFF tow |X X IPL High |IPLROM enable
F7D Low X X DIA High ‘
F7C Low X X MIC High
F7F Low X X Panel Low MCP addressed

See also memory map, Fig. 10.

Memory Access Multiplexing

The read/write memory of the microcomputer is connected to the external
buses. It may be accessed from several sources.

EE356-810D
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The memory is accessible for the MPU. The DMA logic is also capable of
stealing clock cycles from the MPU and read or write data in the memory,
without intermediate storing in an MPU register.

The address selector of Fig. 1 is among other things governed by the
system clock signals. Access to the memory is multiplexed in the way
that during one half of the system clock period the MPU or the direct
memory access controller may have access the memory. During the other
half a refresh or a controller address is coupled to the memory. When
dynamic R/W memory is used, periodic refresh addressing is necessary.
Controller addresses may be provided by, for a part of the RWM on the
DTC, the cathode ray tube controller or, for a certain area of the total CP
memory, by a peripheral (e.g. synchronous communication) controller.
A controller will thus be able to read and write in the memory without
disabling the MPU to work on the buses.

Direct Memory Access

Direct memory access (DMA) is a possibility in the Alfaskop System 41
that minimizes the load on the MPUs caused by communication between
display units, flexible disk units and communication processors and also
by flexible disk read/write operations carried out by the microcomputer
of the flexible disk unit. See Fig. 11. The DMA enables data transfers
directly between a communication interface circuit and the memory,
without the MPU having to:

® Serve an interrupt request for each data byte

® Intermediately taking care of the data. The large scale integrated
circuit DMAC (direct memory access controller) that is used may
control up to four data channels. The manner in which the DMA affects
the bus enabling is described in the paragraph Address Decoding
and Direct Memory Access above. The communication interface is
described in the chapter Communication.

DMA logic
Addvess Stop
counter ol addr reg MPU
I % Accumulator
) 65(05 register
3
N
DMA ! Non-DMA Interrupt |[DMA Enable
Selector e A— request [service |[register,
request |R/W
0 Non-DMA Non-DMA Communication —
interface
> DMA data flow < > ———

Fig. 11. DMA principle
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Direct Memory Access Controller, DMAC

The direct memory access controller, DMAC, contains one 16-bit address
register, one 16-bit byte count register and one 8-bit control register for
each of the four channels that may be serviced. The address register holds
the address of the location to or from which the next byte is to be transferred.
The byte count register holds the number of bytes still to be transferred.
- Furthermore the DMAC contains three general control/status registers.
These registers may be accessed by the MPU by use of the five address
lines, A4 — A0, the CS line and the R/W line. For addressing and pro-
gramming of the DMAC registers, see Fig. 12 and Table 1.

MC 6844
DMAC = i -
IRQ/DEND
37
r DRQT S5
| DRGH—52-
DGRNT 22
TXRGO -e%f—f—
TXRG 1"6?33—
TXRG2 4'é-§-
TXRG3 -63-4—
40 TXSTElo=2-
N LG TXRKA F—=2-
36 <RV rxpkgl-E—
33 gres p
£ _dcs RO—5
G=Zp Qa --7-——=
| a3 24—
{ ' 4 ,.._8;._
as| --—-fo
ag —S-
| a7 | 11
(" L8 _lpoy Ag |—&-
57 |50 13
D1 ag b2
56 | 14
D2 a10 p—2-
g5 ___1p3 a1 -
4 < 6
D4 A1z e
53 17
£2__ps| a13 —L-
£8__Ipg A14 m}%—
21 lp7, a1s -2

Fig. 12. DMAC drawing symbol

During DMA the DMAC provides a full 16-bit memory address, a read/
write signal and a signal corresponding to the MPU VMA signal, namely
Transfer strobe, TXSTB. See Fig. 12. A completed group of memory
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Table 1. Registers of DMAC
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Register
Register address
A4 3210
Address Hi 00000
channel 0 Lo 00001
Byte count Hi 00010
channel 0 Lo 00011
Address Hi 00100
channel1 Lo 00101
Byte count Hi 00110
channei 1 Lo 00111
Address Hi 01000
channel 2 Lo 01001
Bytecount " Hi 601010
channei 2 Lo 01011
Address Hi 01100
channel 3 Lo 01101
Byte count Hi 01110
channel 3 Lo 01111
b7 b6 *b3 b2 b1 b0
Channel 0 control | Status bit | Status bit Address |TSC/Halt. |Burst/ R/W. 10000
Channel 1control | DMA end. ' | Busy. up/down. |1 =TSC |Steal. 1=Read 10001
Channel 2control | Reset by Setduring| |1 =Decre-jmode. 1=Burst |from 10010
Channel 3control{ MPUread |transfer. ment, 0=Halt |mode. memory 10011
of CCR. Reset 0=Incre- |modes. |0 =Steal [(to ADLC).
after DMA ment, modes. [0 = Write
end. address in memory
counter (Read
ADLC).
Priority control Rotate pri. |N.u. Enable Enable Enable Enable 170100
1= Served TXRQ3 [TXRQ2 [TXRQ1 TXRQO
channel from from from from
has lowest channel 3. |channel 2.|channel 1.|channel 0.
pri. 0= 0= 0= 0= 0=
Fixed pri Disable. |Disable. |Disable. [Disable.
ch0123.
Interruptcontrol | Statusbit [N.u IRQ/DEND{IRQ/DEND{IRQ/DEND/|IRQ/DEND| 1 0 1 0 1
IRQ/DEND enable3. |enable2. lenable1. |enableO.
=CCRO, IRQ at IRQat IRQ at IRQ at
1,2,3bit7 ch3DMA |ch2DMA |ch 1DMA |chODMA
ifinterrupt end. end. end. end.
enabled 0=Dis- |0=Dis- |0=Dis- |0=Dis-
for ablelRQ |ablelRQ |ablelRQ [ablelRQ
channel.
Reset by
MPU read
CCR
Data chain N.u. N.u. 4/2¢ch DCB. DCA. DCE. 10110
select. 00ch0 uses 1 =Data
1=4-ch- |01ch1 Hvalues function
mode; 10ch2 inch3 enabled.
Pin2 11 (llegal) addr.and [0=No
used as byte countjdata ch.
CS/TXAKB regsto
0 =2-ch- update
mode;
Pin2
only CS

Hi (high) = bits 158, Lo (low) = bits 7—0, N. u. = Not used, CCR = Channel control register
* Bit5and 4 are not used.

R
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accesses may be signalled (e.g. to the MPU) on an IRQ/DEND line (DMA
end). Transfer request, TXRQ3-0, are the inputs for DMA requests from
the four channels that may be serviced by the DMAC. A TXRQ inputis
thus activated when e.g. an ADLC s ready to read or write a byte in the
memory. See Communication chapter, ADLC description, TDSR and
RDSR signals. DMA request three-state control steal, DRQT, is the
signal with which the DMAC reacts to a transfer request in the TSC
(Three-state control, see below) steal mode. Thereby the R/W and address
lines from the MPU could be forced into the high impedance state, e.g.
by disabling the bus buffers (see Fig. 1).

If needed, the clock circuitry of the system should stretch the @1 period
of the MPU clock. As the stretch signal is tied to the DBE (Data bus
enable) input, the data bus lines of the MPU will also be in the high
impedance state. Note that the system clock is not stretched, but e.g.
provided to the @2 input of the DMAC.

When the above actions are taken, on MPU @2 going low (to rest low for
a while), a signal DGRNT (DMA grant) should be returned to the DMAC.

If more than one receive/transmit channel is used Transfer acknowledge
A, TXAKA (2 channels), and perhaps Chip select/Transfer acknowledge
B, CS/TXAKB (3 or 4 channels), may be used as encoded address lines
to direct a transmit acknowledge signal and a DMA end signal to the
appropriate peripheral controller.

2-channel mode: TXAKA 1 = Channell, 0= Channel0
4-channel mode: CS/TXAKB TXAKA  Channel

0 0 0
0 1 1
1 0 2
1 1 3

DMAC Programming Example

As an example, consider the case of a single display unit that wants to send
a block of information to a flexible disk unit on the two-wire connection
via an ADLC using DMA channel 0 with TSC steal mode. Suppose that
the block of information has a length of Len bytes and is situated at memory
addresses Adr, Adr+1, ..... , Adr+(Len—1). The MPU then prepares
the DMAC by writing Adr in the 16-bit address register and Len in the
16-bit byte count register of channel 0. The channel control register 0
must also be programmed for:

® Address counting upwards

@ TSC mode

® Steal mode

® Read mode, as data is to be read from the memory.

The enable bit for TXRQ 0 should be set, to permit the Transmit data

service request (TDSR) signal from the ADLC to start the sequence
described above in the section Direct memory access controller DMAC.
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When one memory byte has been stored in the ADLC, the MPU regains
control of the whole bus system and will be busy with other tasks during
about 27 us, after which time one byte has been transferred to the flexible
disk unit. Then the transmit data register of the ADLC is again available.
This will be signalled on the TDSR output tied to the TXRQ 0 input of
the DMAC etc., until DMA end, that may be signalled on the IRQ/
DEND line.

DMA Timing

Though a direct memory access only takes one MPU clock cycle time,
a full DMA period consists of four clock cycles, DMA T1 - T4.

DMATI T2 T3 T4
| [ DMA_ | [ mPU ]

During T2 the actual DMA takes place and the MPU clock is stretched
unless the MPU is working on the internal buses only or does not provide
VMA (Valid memory address). During DMA T2 a system VMA is
provided.

During T1 and T3 the MPU clock is stretched only if the MPU addresses
the DMAC say to read Busy or DMA end status for a certain DMA
channel. This is to prevent the MPU signals from interfering with the
DMAC signals that are also present during T1 and T3.

During T4 the MPU is never disturbed. This is to ensure that data in the
MPU is not lost because of the absence of clock. (In CPs, when more than
one channel is working, the MPU could otherwise be stopped for a longer
time than three clock cycles.)
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General

This chapter is compiled in order to give a survey of Alfaskop System 41
external and internal communications and to describe line procedures
and communication circuitry common for two or more units.

Remote Host Computer Communication

A single display unit or a communication processor, is capable of remote
communication with a host computer. The communication is usually
carried out via modems.

The communication protocol is described in the Alfaskop System 41
Reference Manual for applicable emulation. The communication circuitry
and hardware line interface can be studied in the Synchronous Communi-
cation Adapter or the Synchronous Communication Controller chapters
in this file.

Local Host Computer Communication

A communication processor, local is capable to communicate with an
IBM host computer via an I/O channel interface.

The communication protocol is described in the Alfaskop System 41

Reference Manual IBM 3270 Emulation and the Communication Processor,

Local chapter in this file. The channel communication circuitry and
( hardware channel interface are also described in the Communication
) Processor, Local chapter.

Py
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Internal Communication via Two-wire

The main internal communication is carried out via two-wire connections
between the following units:

® Communication processor — display unit

e Communication processor — flexible disk unit

@ Flexible disk unit — display unit

The communication protocol and the communication circuitry are described
below in a general but yet rather detailed way. Information, specific
for a certain unit, is given in the chapter on that unit, i.e. in the chapters:
® Communication Processor, Remote

® CPR and FD Unit

~ @ Flexible Disk Unit

Software

e Display Unit

The software that handles the internal communication is a part of the
operating system, thus it is not dependent on emulation or application,
only on the type of unit in which it is used, i.e. on hardware and configuration.

The main program module handling the internal communication is the
Communication handler. It handles the hardware (communication
interface circuits), both for reception and transmission. Poll and Answer
to poll routines also form a part of the Communication handler. The

~ Communication handler contains routines activated by hardware interrupt

Sessions

signals e.g. on Frame complete (whole frame received), Not-clear-to-
send (whole frame transmitted) or framing error, as well as lower priority
routines e.g. for changeover between transmission and reception.

The services of the Communication handler are through a Supervisor
selector called for by different supervisors e.g. Input/Output manager,
FD 1/O supervisor, PU /O supervisor, IPL supervisor, Console mode
supervisor and Ultility supervisor or by emulation software (User) through
a User interface.

Fig. 1 is inserted in order to give an orientation on the software layout.

In a configuration one unit always controls the physical communication.
This unit is called configuration master. In a cluster configuration the
CP is the configuration master whereas the DU is configuration master
in a single configuration.

Besides, there is a logical concept of communication. This is called
a session. A session may consist of one or several sequences of physical
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FD
r— """ ~"~"/"¥""¥"7/"¥7/¥/-/ /- /- 1
| 110 '
| / manager |
L'l comm. Supervisor [ FD |
| handler selector 0S |
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: Task management :
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. User
(: interface
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Fig. 1 Internal communication software
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communication. The channel is disconnected after each sequence of
physical communication and may thus be used by other units, while
processing is done by the first units.

In this way a very effective use of the channel is obtained. When a unit
has given a positive Answer to poll a session is opened and is then regarded
as going on until a special command has concluded it. One of the units,
being involved in a session, is always session master. The other unit is
then session slave. The session mastership may be changed at different
times during a session. Any unit in a terminal configuration may be session
master. A session is executed under the control of the User interface or
a SUpEervisor.

A session is identified by a session control block, SCB, in each of the
communicating units including the configuration master. The SCB is
registered until the session is closed or aborted due to an error or dis-
connection of an affected unit. The SCB is identified by a session number
and sometimes a supervisor number.

Fig. 2, showing a load session consisting of two data communication j
sequences, is inserted in order to give an idea about the function of a session.

Main Message Types

There are different types of messages (frames) that may be sent between
the units in the system:

Poll from the configuration master. Message length 4 bytes.

Answer to poll from a polied unit. Maximum message length 64 bytes.

Communication control messages like acknowledgements of received
messages or queued messages etc. Maximum message length 64 bytes.

® Data. Maximum recommended message length 4096 bytes.

In a cluster configuration the CP regularly polls the terminals. It lists
terminal status and investigates and queues requests from the terminals.
According to a connect request queue, it interconnects terminals, e.g.
a DU to a FD when the DU wants new program from the FD. It then
leaves the control of the communication DU — FD by sending a Conn )
(connection acknowledge) frame to the FD and another Conn frame

to the DU and awaits a frame from the DU when the communication

is terminated. See below: Msgtyp/Status layout.

Actual connection status is registered in the CP so that no polling of the
units on the involved two-wire line from the CP will take place during
the time the connection lasts.
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Configuration

pu master, CP System FD
PAo(l
| R t
Load reqest foerqli:csld
(1 want progr.) session
Any other Request
pending regest? queued

]

No!
_L Disconnection
Reguest now first
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( 5
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( I want this
* program
| |
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You will
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1 fetches program from disc to
' _J_ its read/write memory

Fig. 2a Session example
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|
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|
L
DU -FD request again
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T to any unit
r
[ got it!
I
|
So are you
|
|
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this amount of data
put it there. .. ..
l |
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I got the message | 45 receive
l
|
Data (pgm)
|
I
0K, that's what Close
I wanted session
L

Hopefully yougot
session | what you wanted

]

-L- Session information deletfed

Fig. 2b  Session example
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Message Format

General Message Format

The message format used in communication between Alfaskop System 41
terminal units is:

® Word length 8 bits.

® Message length 4 — 4096 words (bytes), depending on type of message,
flags and CRCC excluded.

The general message format is shown in Fig. 3.

Header

Flag | Todev| Dsa |Frdev Q:EHEI Message contents CRCC | Flag

Fig. 3 General message format

The various fields in Fig. 3 have the following meaning;:

e Flag: Control byte (7E¢)) for start of message and byte synchronization.
Added/stripped by the hardware logic.

e Todev: Physical address of the unit to which the message is sent.

@ Dsa: Destination session address. This byte is used in certain message
types to define a destination session control block in the receiving unit.

® Frdev: Physical address of the unit sending the message.

® Msgtyp/Status: Byte, defining status of configuration master (Poll
message) or slave status (Answer to poll message) or Type of message
, (for all other messages).

® Message contents: Field normally containing between 0 and 4092
bytes depending on the message type. It may contain more than 4092
bytes, but this is not recommended. It may contain additional control
bytes or data.

@ CRCC: Cyclic redundancy check character (16 bits), used to check
whether data was transferred correctly or not. Calculation/appending
as well as checking/stripping of CRCC is handled by the hardware
logic.

® Flag (7Ey)): Defines the end of the rhessage. Added/stripped by the
hardware logic.

Except in the flag character, which contains six consecutive ones, more
than five consecutive ones are not sent in a frame (between flags). This
is prevented as the transmitter logic inserts a zero after five ones and
the receiver logic always strips a zero following five received ones. 1f
01111110, anyhow is received that is interpreted as a flag.

If seven or more consecutive ones are received, inside a message, that

is interpreted as an abort indication telling the receiver logic that the
frame is invalid.

ES0002331E-1



8 Communication ERICSSON 2

Todev and Frdev Layout
Todev and Frdev have the following format:
76543210

L |

L—— Terminal type

Port number
The fields means:

® Port number: Number (0 — 31) of two-wire connection (port) on the
TUA boards of the CP. For single display unit configuration the port
number is zero.

® Terminal type:

00 =DU

01 = PU-V.24/V .28
10 = FD

11 = Spare

Todev and Frdev contain actually the physical device addresses as
shown in Appendix 1.

.Dsa Layout
The layout of the Dsa field is:

76543210
| ]

L Supervisor number

Session number

The fields means:

® Session number: Number of the registered session.

— A DU may register up to five sessions plus ten more for an attached
V.24/V.28 PU.

— A PU registers up to 10 sessions.

— An FD registers up to eight sessions.

— If session number = Fy4), session number is asked for (undefined).

@ Supervisor number: The used numbers are listed below followed by
the name of the corresponding software module and the units in which
the software is used.

0  Input/output manager FD
1 Utility supervisor DU CP FD
2 FDI/Osupervisor DU CP

3 Printer /O supervisor DU

4  Console mode supervisor DU

5 IPL supervisor Cp

E  Host 1supervisor (User interface) DU CP

F  Host2supervisor (User interface) DU CP

Dsa is FF ;6 or defines the drop address on a two-wire in poll messages.
See Appendix 2. Dsa is FF;6) in Answer to poll messages.
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Msgtyp/Status Layout

In the case of Poll or Answer to poll messages, byte 4 of the message
header is interpreted as status. It then has the layout shown below. A set
bit has the stated meaning:

76543210 Meaning in:
1l [ 1T [T 1] Pol Answer to poll

l— Host communication Emulation program
possible loaded
Spare Spare
Delete all SCBs Icannot open any
more sessions now
Odd poll (second, Response to odd
fourth, etc.) poll
Leading poll Request for initial
' program loading
. Pollretransmission I carry the system
r diskette

Status Status

A poll retransmission is performed when the configuration master has
not got an answer on the previous poll before a timeout.

The first poll'in a series of polls to a terminal unit is a leading poll and
defined as an even poll (b4 = 0). A unit is polled as long as it responds
with a request. When it has got nothing to transmit it sends a negative
poll answer and the next poll to the unit will then be a leading poll. If
a unit has a request or not is indicated in an Answer type byte following
the Status byte (see Appendix 2).

For all messages, except Poll and Answer to poll, byte 4 of the message
header is interpreted as a type of message definition, Msgtyp. The layout
( is shown below:

7[615’413 210
0 1
L

Message type

Oddmessage

Leading frame
Retr

0 = Msgtyp (in contrast to Status)

Retr means retransmission and is only used by session or configuration
master, when it has not got an answer to a message before a timeout.

Leading frame is used by the configuration master only in the first frame
of a communication sequence.

Odd message is used by a slave when received together with Retr to check

whether it has already received the message or not. The first frame is
defined as even.

E90002331E-1



Communication ERICSSON ?

The message type field (bit 3 — 0) has the meaning listed below:

Mnemonic  Bits3-0 Meaning

Ack 0 Acknowledgement of Info, Info Dh, Data.
Other messages may also work as acknow-
ledgements, e.g. Break or Eos.

Info 1 Information frame, maximum 64 bytes.

Data 2 Data frame, recommended maximum 4 kbytes.

Dh 4 Data header, first 4 data bytes are coming in
this frame. The rest of the data in the next frame.

Info Dh 5 Information data header, information and

first 4 data bytes are coming in this frame. The
rest of the data in the next frame.

Rtrd 7 Ready to receive data. Used as acknowledge-
ment to Dh and Info Dh messages.

Sconn 8 Connection message to a session slave from the
configuration master or connection acknow- j}
ledgement from the session slave to the con- \
figuration master.

Deng 9 Data enquiry, sent by the session master when
no answer is obtained within a certain time to
a Data message.

Abort A Abort message, containing information on what
session to abort, sent from the configuration
master to the session slave. It can also be sent
from the session master to the configuration
master in response to a Mconn message.

Break ‘ B Break message, initiating change of session
mastership, sent from the session slave to the
session master. Also sent from the session
master to the configuration master to order a

disconnection. y
Mconn C  Connection message from the configuration )
master to the session master.
Reject D  Reject message, sent from a unit not able to
handle a request now. Queue up a new request.
Eot E  End of transmission, sent by the session master )

to the configuration master to order disconnec-
tion without mastership change and without
ending of the session.

Eos F  End of session, sent by the session slave to the
session master and from the session master to
the configuration master to order disconnection
and ending of the session.

A summary of the formats of specific messages is shown in Appendix 2.
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Polling

Communication 11

The polling of terminals in the system is handled by the configuration
master (CP, single DU or the like). All configured terminals are polled.

The fourth byte of a Poll message defines e.g. whether the poll is a retry
of an earlier poll which resulted in no answer, if the poll is even or odd,
and whether the host computer communication is maintained or not.

Retransmission of a poll occurs once after 10 ms when an answer is lacking.
If no answer is obtained to this first retransmitted poll, the terminal is
regarded as ”off” and polled more seldom. (All answering terminals will
be polled and then one out of the “off” terminals - all answering terminals
polled again and then the next one of the ”off” ones etc.)

The answer to a Poll message may either be negative (no request) or contain
a request for opening or continuation of a session or for communication
with the host computer (emulation request). Only one request is sent in
each Answer to poll. The same terminal is polled until a negative answer
is obtained. The fifth byte of an Answer to poll, i.e. the Answer type
byte, indicate no request or defines the type of request. See Appendix 2
for details.

Data Communication

The requests for opening or continuation of sessions are registered in
first-in-first-out queues in the configuration master. There is one queue
for each one of eight priority levels (see Appendix 2).

According to these queues, the configuration master connects the terminals
in the system. After that a physical connection is established a Conn
(connect) message is sent to each one of the involved terminals (and in
certain cases also to the affected supervisor program in the configuration
master). Then data or more detailed information concerning the request
may be transferred between the affected units.

The session example of Fig. 2 shows how a load session is divided into
two data communication sequences to free the communication channel
for other sessions and units when it is not needed by the load session.
(The present session master asks for continuation of the session in an
Answer to poll.) However, during IPL (initial program loading) the
connection between the program store (e.g. FD) and the terminal requesting
IPL will not be broken e.g. while the FD is reading from a track into its
memory (applicable if more than 3.25 kbytes, one track, of program is
to be transferred to the terminal). During a transfer of emulatwn data
(initiated by the configuration master) no disconnection is made.

E90002331E-1
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Transmission of More than 64 Bytes

At a transmission in a data frame (Msgtyp = X2(;5), Data), when the
data is not to be transferred to the standard 64 byte receive buffer, the
data frame is preceded by a data header (Dh) or information data header
(Info Dh) frame directed to the standard receive buffer. In the Info Dh
case, e.g. information on where to store the data of the data frame may
be included. See Fig. 4.

However, apart from the normal four byte header, both the Dh and Info
Dh frames contain:

@ The first four bytes of the data to be transferred.
® Two bytes defining the length of the data block (e.g. 0D00y¢, for 3.25
kbytes of data from the FD)

When the data header frame is acknowledged by the receiving unit the
data frame is transferred into a non-standard, user-defined buffer in the
receiving unit. The data frame contains:

® The normal four byte header.
@ Byte 5 and following of the data to be transferred.
Locally, within the receiving unit, the first four bytes of the data are then

transferred to the user-defined buffer so that the whole block of data is
available for the addressee.

Communication Examples

The following examples show a number of typical internal communication
sequences. Only cluster configurations are regarded. For each example
certain assumptions are valid. These are defined in each subsection. Error
recovery paths are left out.

If e.g. no answer to a message is received within a certain time, the message
is retransmitted once. After another timeout without an answer, the unit
is regarded as “off” and the session is aborted together with all sessions
involving the failing unit. (Abort frame sent to the involved terminal in
connection with polling.) If a Data message gets no answer a Denq message
1s sent to request the answer, e.g. Ack or Eos.

If e.g. a data frame is too long to be received, the receiving unit may send
a Reject frame to the transmitting unit (as a response to a Dh or Info Dh
frame). As the transmitting unit sends Eot to the configuration master,
a continue session request is queued up in the configuration master and
a connection is made when all more prioritized requests have been
handled.
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Transmitter | Receiver
|
Standard User | Standard User
transmit defined | receive defined
buffer buffer | buffer buffer
(64 bytes) | (6kbytes)
Todev Byte1-& Todev
Dsa Dsa
Frdev Frdev
Msgtyp | Q) Msgtyp
Byte 1-4 Byf.e 5 Byte 1-4
i [
i i
8 i
Length Length

® |

Todev
Dsa
Frdev
Msgtyp

Byte 5

Set up

@ DMA. @Wri’re over

Ack to
trans -
mitter

o é

Fig. 4 Data block transfer (more than 60 bytes of data)

Poll and Answer to Poll

In the example below 4 display units in a cluster configuration are polled.
For the different units the following assumptions are made:

CP
DU1

DU2
DU3

DU4

E90002331E-1

Host communication is possible.

has got nothing to transmit and gives a negativ poll answer.
The emulation is logged on.

wants to communicate with the host.

wants to communicate with the system FD and therefore initiates
an open session request.

wants to continue a print session.
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P DUl DUz Du3 DU4
Poll
!
Negative
Answer to poll
i Jd
Pall

|
Answer to poll
with emulation

req?es’r
Poll
| | )
- Negative
Answer to poll
| ]
Poll
1
Answer to poll
with open
session request
|
Poll
| g J
Negative
Answer to poll
i
4
| )
Poll
" Answer to poll
with continue
session request
]
Poll

Negative
Answer to poll
il
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The example below shows how a CP and a DU in a cluster configuration
do IPL request and how the OS (operating system) is loaded.

CP IPL

Poll

FD

l

Info Dh
(CP IPL response)

|
Rtrd

( Confirmation,

ready to receive data)

1
Data
(First 3,25k of
CP 0S)
J

F

Ack

(Confirmation)

]

Info Dh

( Dh for next
3,25k of CP 0S)

Rird

Du’r1a

(Next 3,25k of
CP0S)

]

Ack

(A number of 3,25k blocks
of CP 0S are transmitted)

Info Dh

1
Data

(Last part of
CP 0S)

_J
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P FD
Ack
|
I
Eos
(Master session
close CP 0S loaded)
e '

Poll to DU with IPLrequest
cP
Poll

DU

Answer to poll
with IPL request

4

DU IPL session initiation
cpP
Connect slave

|

FD

Connect slave

response
Info
|
Break
{Masterchip change)
|
A
DU IPL session continue request
P DU
Poll
I i
Answer to poll
with continue
ses?on request
Poll

Negative
Answer to poll

",
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Program load
CP DU FD

Connect master

L

!
Info Dh
(DU IPL

response)
]

i
Data
(First 3,25k
of DU 0S)
J

*

Ack

1

Info Dh

(A number of 3,25k
blocks of DU QS
are transmitfed)

Info Dh

.
Data
. {Last part
(~ . of lljU 0S)
s I
Eos
{ Slave session
clols,e)

-
Eos

(Master session
clo?e)
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The following example shows the communication between a DU1 without
a printer and a DU2 with printer in the case of a combined print queue

and printout request.

cP DU

Poll

|
Answer to poll

with open session

reqyesf
Poll
I
Negative
Answer to poll
Sconn

DU2

Sconn response

Mconn
...................... I
Info
(Print queue
reqyesf
1
info
(Print queue response;
ﬁrﬁfin gueue )
I
Info Dh

(Printout regest)

Rird

(Ready fo receive
pN?f data)

‘)
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DU

Data
( Print Data)

19

bu2

I
Info
{ Printing started)

Break

Poll

|
Answer to poll
with continue
session request

Poll

I

Negative
Answer to poll

Sconn

Sconn response

|

Mconn

"Mconn

l

info
{ Printing completed )

Eos

Eos

E90002331E-1
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Hardware

The internal balanced two-wire communication takes place via programmable
ADLC (advanced data link controller) circuits, that perform the conversion
between parallel 8-bit data and serially transmitted data with a frame
structure of HDLC type.

The data is transferred directly between the memory and the ADLC
circuit (without passing the MPU) by help of a programmable DMAC circuit
(direct memory access controller). The DMAC controls up to four
communication channels. (Byte by byte transfers between the MPU and
the ADLC on interrupt basis are also possible. However, existing software
uses DMA for transfers for all internal messages.)

The display unit and flexible disk unit have one ADLC each. The communi-
cation processors are provided with four ADLCs, each one controlling the
transfers of one channel. Up to three units may be connected to the same
two-wire (as seen from a communication processor). Thus a selection
of a two-wire interface advanced data link controller, ADLC, does not
necessarily correspond to the selection of a specific unit. Actually, to )}
reach a specific unit in a cluster configuration, the communication

processor has to:

@ Set the right address in a crosspoint selection PIA (parallel interface
adapter), in order to connect one ADLC to a specific two-wire

and

@ Write a specific address word (into the right ADLC) to be sent on the
two-wire and tested by all units connected to that two-wire.

For each channel there are two 64 byte standard memory buffers, one
for the last received message and one where the next message to be
transmitted is built up. Furthermore users of the communication system
may define other data areas for reception and transmission of data.

The binary data on the two-wire is frequency shifted. The transfer J
rate is 300 kbits/s, i.e. nominally 37.5 kbytes/s. The main functional blocks
common to all two-wire interfaces are shown in Fig. 5.

The ADLC is the parallel/serial converter between the MPU bus and the ‘)
serial line using synchronous transmission.

The clock generator with phase correction is needed as the clocks of
Alfaskop System 41 are local. The phase correction circuitry compares
the edges of received data to the state (phase) of the clock and corrects
the clock accordingly.

Delay of Request to send is needed to allow phase correction at the
receiving terminal. (Before Clear to send is active only idles ones are
shifted out from the transmitting ADLC.)

The data carrier detector discriminates against low level interference.

The modulator/demodulator produces frequency shifted data for the
two-wire and transforms two-wire data to NRZ (no return to zero) data
for the ADLC. The demodulator part also transforms continuous
erroneous data to an abort pattern for the ADLC.
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szsoOkHz
DMAC
interface Clock generator
with phase
correction Mod. rec.
j 600kHz  |dafa
Rec data
Data carr
300 kHz bit ClOCk defecfor
ADLC | ' ,
MPU Two wire
: Tr. data De- : 2 iI :
m&mi Modulator |modulatorf>—° cennection
IRQ ' ¥ _ ] B
- IMod. fr -IMod. | Retransmit e
. , fdata  'rec. !condition - —
*du’ra :
Clear to ~ |
send > )
i N :
DMA ‘
i and Mod tr. du’ru.: o
¢ .
|
Req. L
1o
: send |4 RTS out
Delay
TSI

Note: Dashed lines and area between amplifiers and modulator/demodulator indicate communi- -
cation processor functions.

Fig.5 Principles of two-wire interface

Modulation Method

The ADLC is programmed to provide and accept binary data of NRZ
format. (One level during the whole bit time represents a data bit.) Data
on the two-wire cables are frequency shifted and sent as a balanced
square wave. A logical 1 is represented as one pulse during one whole bit
time and a logical 0 is represented as one full square wave period during
one bit time. Thus: 1 = half period of 150 kHz square wave, 0 = full period
of 300 kHz. ‘

— -
i
|
]

/
\s

( Clock Generation and Phase Correction

The clock generator contains a divide by 16 counter. See Figs 5 and 6.
In case no incoming data is detected, a 600 kHz ( '1 65 MHz) signal is

‘ i 1 l A i 600 kHz clock

Fregquency shiffed
0 1 00 110 1 0 0 1 1 1 1 signal

W Corresponding demodulated

signal

UTUHTUT U U U U UL s00 ke it ctock for

ADLC

Fig. 6 Demodulation
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provided to the modulator/demodulator. In case Modulated received
data is present, (e.g. all ones preceding a frame) the counter intermittently
functions as a divide by 17, divide by 16, or divide by 15 counter to
synchronize the 600 kHz (carry) clock to the middle of the shortest
received (300 kHz) pulses (see arrows in Fig. 6).

The phase of the 300 kHz bit clock may still be 180° wrong but is corrected
in the modulator/demodulator to provide a positive-going shift-in clock
for the ADLC in the middle of the demodulated Received data period.

Advanced Data Link Controller, ADLC
The ADLC includes functions for:

Receiver section Transmitter section

Flag detection, synchronization Flag appending (opening and

and stripping closing flags of a message)

Cyclicredundancy check, Calculation and appending of 3’
CRC CRCC

Deletion of (inserted) zeros Zero insertion

Further provided: DMA request signals, modem interface, loop configuration
possibilities, variable word length of information field, full duplex operation,
NRZ or NRZI format of received/transmitted data bits.

It contains four (8-bit) control registers, two status registers, transmit
and receive registers, accessible for the MPU.

ADLC External Signals

The ADLC interfaces the MPU 8-bit data bus, a chip enable line (CS),

two address lines (RS1, RS0) and a R/W line, used for addressing internal \
registers together with an address control bit, an enable line (E, typically }
@2, system clock) and a reset line (R). See Fig. 7. An interrupt request

output (IRQ) is also provided. The interrupt sources may be internally

masked and given priorities. The register addressing is shown below:

Address

Selected function RS1 | RSO | R/W | Control Bit
{CRby)

Write control register 1 0 0 0 X
Write control register 2 0 1 0 0
Write control register 3 0 1 0 1
Write transmitter FIFO 1 0 0 X
(Frame continue)
Write transmitter FIFO 1 1 0 0
(Frame terminate)
Write control register 4 1 1 0 1
Read status register 1 0 0 1 X
Read status register 2 0 1 1 X
Read receiver FIFO 1 X 1 X
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MC 6854
13 3
12 ADLCa*
8 v RQ Jo—2=
QI R ‘ 23
10 ROSRI—34
T RSO ~ TDSR p———
RS1 27
.9 OCoO<€==
o> |°°  OTR/LOC—SS
=4 D0) CTS o€
o mil RTS jo—8—
18 19%%| RXC re—fm
18 D4 <> TXCre——
2 _1ps RXD he——
| 16 102 o —&_
C 15 25
~' —==—07) FLAGDETIO—=
Fig. 7 ADLC drawing symbol
The receiver section lines are:
® RXC and RXD, clock and data inputs.
® Flag detect output, always low for one bit time when flags (7E),¢ are
received.
® DCD, Data carrier detected input. The receiving section is inhibited
when this input is high. _
( @ RDSR, Receiver data service request output, may be used asa DMA
' request from the receiver section. RDSR reflects the value of the
status register bit RDA (Receiver data available). Priority status should
be used.
{ The signals used when transmitting are:

® TXC and TXD, clock input and data output.

@ RTS and CTS, Request to send to e.g. a modem and Clear to send,
answer that e.g. a modem is ready for sending.

® DTR/LOC, Data terminal ready/Loop on line control. For the point-
to-point configuration mode, DTR follows what is written in an
associated control register bit (DTR/LOC bit). For the loop mode,
DTR/LOC set will make the terminal go on the loop and activate the
DTR/LOC output after receiving 7 ones. When the control bitis reset
and 8 successive ones have been received from up the loop, DTR/LOC
output is deactivated (goes high).

e TDSR, Transmit data service request output, may be used as a DMA
request from the transmitter section. TDSR reflects the value of status
register bit Transmitter data register available/Frame complete if
programmed to work as TDRA. Priority status should be used.

E90002331E-1
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ADLC Control Registers

The following abbreviations are used under this and the next headings:

® CRI1,2, 3, and 4 stands for control register 1, 2, 3, and 4.
e SR1 and 2 stands for status register 1 and 2.

® AC, address control, is an internal address bit found in CR1:0 (bit 0
of CR1).

The following format definitions are used for the ADLC circuit:

Frame format:

’ Logical
Flag A?;;ZSS C?ig}:jol control Information field CRCC Flag
field

7E 1) 1s generated or identified as flag.
The address field can consist of one or more bytes. -
The control field can consist of one or two bytes.

The logical control field can consist of none, one or more bytes.

The information field can consist of an arbitrary number of 5, 6, 7, or
8 bits words.

The CRCC (Cyclic redundancy check character) consists of 16 bits.

An arbitrary number of flags (7E;¢) can be transferred between frames
of the above format. The end flag can be the start flag of the next frame.
Between end and start flags can instead of flags, as time fill, idling ones
(a number of FF ), called marks) be transferred. More than 6 ones
within a frame is interpreted as an abort pattern.

N
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Control register 1. Address 000X, (= RS1, RS0, R/'W, AC)

76 543210

LI T T]

L AC, address control

RIE, receiver interrupt enable

TIE, transmitter interrupt enable
RDSR, receiver DMA mode
TDSR, transmitter DM A mode

Dis, discontinue received frame

RXRS, receiver reset

TXRS, transmitter reset

A set bit will give the following function:

b7

b6

b5

b4 -

b3

b2

bl

b0

E90002331E-1

TXRS. All ones are transmitted. The transmitter FIFO register
cannot be loaded. The transmitter status bits are reset, although
clear to send (SR1:4) follows the CTS input. Set by Reset input
low or write operation. Reset by write operation after that Reset
input has gone high.

RXRS. The receiver FIFO register and the receiver status bits
are reset, though data carrier detect (SR2:5) follows the DCD
input. Set by Reset input low or write operation. Reset by write
operation after that the Reset input has gone high.

Dis: Further received bytes will not interrupt the MPU or set
receiver data available (SR1:0 or SR2:7). Set by write operation.
Reset after the last discarded byte.

TDSR. Transmitter data register available (SR1:6), will not
interrupt the MPU but set the TDSR output.

RDSR. Receiver data available (SR1:0), will not interrupt the
MPU but set the RDSR output.

TIE. The IRQ status (SR1:7) and the IRQ output will be activated
by transmitter status.

RIE. The IRQ status (SR1:7) and the IRQ output will be activated
by receiver status.

AC. Control register 3 or 4 is selected.
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Control register 2. Address 0100, (= RS1, RS0, R/W, AC)

76 543210

LT[ 1]

L PSE, prioritized status enable
2/1 byte, 2 or 1 byte transfer
F/M, flag or mark

FC/TDRA, frame complete or transmitter
dataregister available

TX last, transmit last data byte

Clr RXST, clear receiver status

Clr TXST, clear transmitter status

RTS, request to send control

The bits are further explained below:

b7

b6

b5

b4

b3

b2

bl

b0

RTS. 1 = the RTS output is latched low (active). 0 = the RTS
output returns high when a frame is completed.

Clr TXST. 1 = reset transmitter status bits. This control bit is then
automatically reset.

Clr RXST. 1 = reset receiver status bits set before last read except
receiver data available (SR1:0 and SR2:7) and address present
(SR2:0). This control bit is then automatically reset.

TXlast. 1 = the data byte, loaded in the FIFO register immediately
before this bit is set, is the last one in the frame.

FC/TDRA. 1 = SR1:6 indicates when the last bit of a frame is
transmitted. No IRQ or TDSR on transmitter data register available
(SR1:6) condition. 0 = SR1:6 indicates when the transmitter
FIFO register is available.

F/M. 1 = flags (7E ) are transmitted between frames. 0 = marks
(FF 1)) are transmitted between frames.

2/1 byte. 1 = transmitter data register available (SR1:6) or receiver
data available (SR1:0 and SR2:7) and associated signals tell that
two bytes of data can be read or written in the FIFO registers. 0 =
status tells that one byte can be read or written.

PSE. 1 = status priority: CTS > TXU > TDRA/FC and FD >
S2RQ > RDA and (for SR2) others > RX idle > AP > RDA.
0 = no status suppresses another, but CTS which always suppresses
TDRA bit.

)
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Control register 3. Address 0101, (= RS1, RS0, R/'W, AC)

76543210

| |

L— LFC, logical control field select
CEX, extended control field select
AEX, auto/address extend mode
01/11idle, mark startOor1

FDSE, flag detect status enable

Loop, loop/non-loop mode

GAP/TST, go active on poll/test

LOC/DTR, loop on-line/data terminal ready
control

The bits are further explained below:

b7

b6

b5
b4

b3
b2

bl

b0

E90002331E-1

LOC/DTR. In point to point mode (CR3:5 = 0): 1 = DTR output
active. 0 = DTR output inactive.

In loop mode (CR3:5 = 1): 1 = the ADLC goes to the on-line
state after 7 consecutive ones at the RXD input. 0 = the ADLC
goes to the off-line state after 8 consecutive ones at the RXD

input.

GAP/TST. In point to point mode (CR3:5 = 0): 1 = the TXD
output is internally connected to the RXD input. 0 = normal
operation. :

In loop mode (CR3:5 = 0): 1 = the receiver searches for ”Go
ahead” (or End of poll, EOP). The ”Go ahead” is then converted
to a start flag and transmitting is started. 0 = a transmitting in
progress is completed, the ”go-active-on-poll” operation is completed
and the received data to transmitted data is reestablished. The
ADILC then returns to the "loop-on-line” state.

Loop. 1 = loop mode. 0 = pbint to point mode.

FDSE. 1 = flag detect (SR1:3) and IRQ (if enabled by receiver

interrupt enable (CR1:1)) tells if a flag is received. 0 = the above -
function is disabled but the FLAGDET output still works.

01/11 idle. (If flag or mark (CR2:2) = 0.) 1 = inactive idling (marks)
starts with 0, i.e. 7FFF...(;5). 0 = all ones are transmitted when

AEX. 1 = if bit 0 of an address byte is 0 the next byte is also an
address byte unless it is the first address byte and = 00;y¢). 0 = only
one address byte exists.

CEX. 1 = 2 bytes in the control field, 0 = 1 byte in the control
field.

LFC. 1 = logical control field follows control field. The field is
extendable as long as bit 7 in each byte equals 1. 0 = no logical
control field is used.
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Control register 4. Address 1101, (= RS1, RS0, R'W, AC)

76543210

| T[]

L ”FF”/”F”,2or l intervening flags
TXWLS, transmitter word length select
RXWLS, receiver word length select
ABT, transmit abort

ABTEX, extend abort

NRZI/NRZ, select

The bits are further explained below:

b7

b6

b5

b4
b3

b2
bl

b0

NRZI/NRZ. 1 = NRZI mode both for transmitted and received
data. (One bit-time delay to transmitted data.) 0 = NRZ mode
both for transmitted and received data.

1 1 0 1 0 o] 1

NRZI—) e —
NRZ ] L I

0 1 1 0 1 0 0 1

ABTEX. 1 = abort pattern is transmitted (due to transmitter
underflow (SR1:5) or transmit abort (CR4:5) until this bit is reset.
When reset the transmitter works according to flag or mark (CR2:2)
and mark start 0 or 1 (CR3:3).

ABT. When set 8 ones are transmitted. The action thereafter is
dependent on extend abort (CR4:6). This bit is automatically
reset when abort transmitting has started.

RXWLS. The word length in the received information field is
defined by these two bits:

00 = 5bits Ol = 6bits 10, = 7 bits 11, = 8 bits

TXWLS. The word length in the transmitted information field
is defined by these two bits:

00(2) = 5 bits 01(2) = 6 bits 10(2) = 7 bits 11(2) = § bits

"FF”/”F”. 1 = the end flag is followed by a start flag if the next
frame is transmitted immediately after the first. 0 = the end flag
of a frame works as the start flag of an immediately following
frame.

SN
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ADLC Status Registers

Status register 1. Address 001X, (= RS1, RS0, R/'W, AC)

76 543210

L

|

|

- RDA, receiver data available
S2RQ, SR2 read request

On loop, loop status

FD, flag detect

CTS, clearto send

TXU, transmitter underflow

TDRA/FC, transmitter data available/frame
complete

IRQ, interrupt request

The bits are further explained below:

b7

b6

b5

b4

b3

b2

bl

b0

E90002331E-1

IRQ. This bit is set and the IRQ output is activated if any status
bit except loop (SR1:2) is set depending on the following conditions:

- Reset input, transmitter reset (CR1:7), and receiver reset (CR1:6).

— Transmitter interrupt enable (CR1:2) and receiver interrupt
enable (CR1:1).

— Discontinue received frame (CR1:5), transmitter DMA mode
(CR1:4), receiver DMA mode (CR1:3), prioritized status
enable (CR2:0), and flag detect status enable (CR3:4).

TDRA/FC. Depending on frame complete or transmitter data
register available (CR2:3) and 2 or 1 byte transfer (CR2:1) this
bit is set if 1 or 2 bytes can be written in the transmitter FIFO register
or if flags or abort are transmitted. This bit is reset by transmitter
reset (CR1:7).

TXU indicates an aborted frame. This bit is reset by transmitter
reset (CR1:7) or clear transmitter status (CR2:6).

CTS is set if the CTS input becomes inactive. After this bit is reset
by transmitter reset (CR1:7) or clear transmitter status (CR2:5)
it reflects the state of the CTS input.

FD indicates that a flag has been received if flag detect status
enable (CR3:4) is set. This bit is reset by receiver reset (CR1:6)
or clear receiver status (CR2:5).

On loop is set when on loop in loop mode (CR3:5 = 1) but does
not activate IRQ. Otherwise this bit is always 0.

S2RQ is set when a bit, except receiver data available (SR2:7),
has been set in SR2. This bit is reset by receiver reset (CR1:6) or
when applicable SR2 bit(s) is (are) reset.

RDA. When this bit is set 1 or 2 bytes, depending on 2 or 1 byte

transfer (CR2:1) may be fetched from the receiver FIFO register
(see also SR2:7).
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Status register 2. Address 011X, (= RS1, RS0, R/'W, AC)

765432180

L1 ]

|

L AP, address present

FV, frame valid

RXdle, inactive idle received
RXABT, abort received
ERR, erroneous frame

DCD, data carrier detect

OVRN, receiver overrun

RDA, receiver data available

The bits are further explained below:

b7
b6

b5

b4

b3

b2

bl

b0

RDA. Same as SR1:0.

OVRN indicates that one or more bytes of a received frame is
overwritten and lost. The receiver FIFO register 2 and 3 are not
affected even by continued overrunning. This bit is reset by receiver
reset (CR1:6) or clear receiver status (CR2:5).

DCD is set if the DCD input becomes inactive. After this bit is
reset by receiver reset (CR1:6) or clear receiver status (CR2:5)
it reflects the state of the DCD input.

ERR is set at CRC error or if the address or control fields are

incomplete. It is set at the same time but instead of frame valid
(SR2:1).

RXABT is set when 7 or more consecutive ones are received within
a frame. This bit is reset when 15 or more consecutive ones are
received or by receiver reset (CR1:6) or clear receiver status (CR2:5).

RX idle is set when 15 or more consecutive ones are received.
This bit is reset by receiver reset (CR1:6) or clear receiver status
(CR2:5) if idling has stopped.

FV indicates that a correct message has been received and that
the last data byte may be read by the MPU. This bit is reset by
receiver reset (CR1:6) or clear receiver status (CR2:5).

AP indicates that an address byte may be fetched from the receiver
FIFO register. This bit is reset by a reading of the receiver FIFO
register or by receiver reset (CR1:6).

{ )
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Functional Examples

See Fig. 5.

Transmission

Suppose that the direct memory access controller (DMAC) is initialized.
The Request to send signal is activated as the RTS control bit of the
ADLC is set by the program. Then all ones (modulated) are sent on the
two-wire to enable phase correction at the receiving end. After a time,
Clear to send will be signalled to the ADLC. The ADLC in its turn will
then be able to tell the DMAC that its transmitter register is available.

A byte will then be transferred from the memory to the ADLC under
the control of the DMAC. Following the flag byte, that byte is modulated
and transferred on the two-wire and the MPU may be busy with other
tasks.

When the last information byte is loaded into the ADLC, the DMA end
signal is activated. This disables Clear to send which may be signalled
by an IRQ to the MPU. The MPU could then reset the request to send
control bit. After the ADLC has appended CRCC and flag characters
to the message, the Request to send signal is automatically deactivated.

Reception

Suppose that the appropriate channel of the DMAC has been initialized
for reception and receiver DM A mode has been set in the ADLC. After
phase correction on received idle ones and when a flag and one more
character have been demodulated and shifted into the ADLC, the first
DMA takes place. When a whole frame has been received, the MPU is
interrupted and may read the status of the ADLC to investigate whether
the frame was correct or erroneous.

Note that the regeneration of Modulated received data on the Modulated
transmitted data line and the generation of an RTS out signal when Received
data is correct (Retransmit condition) only occur in the communication
Processors.

E90002331E-1
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Internal Communication with Printers

A printer unit can be connected to a display unit. The communication
takes place via a CCITT V.24/V .28 interface.

The communication protocol is described in the Service Manual for the
applicable printer. The communication circuitry and hardware interface
in the display unit is described in the Asynchronous Communication
Adapter chapter. The corresponding information about the printer side
is found in the Service Manual.

The LSI circuit (ACIA) that handles the communication in the commu-
nication adapter is also used in the keyboard interface. It is therefore
described below in order to avoid double information.

Asynchronous Communication Adapter, ACIA

Signals

The asynchronous communication interface adapter, ACIA, is used to adapt
serial communication lines (where bytes are transmitted asynchronously,
using start and stop bits) to the microcomputer bus.

The ACIA interfaces the MPU by (see Fig. 8) the data bus (D7 -0),
three chip select lines (CSO — 2), an enable line (E), generally tied to
@2, which enables the output or input data buffers if the chip is selected,
a R/W and one register address line (RS). The IRQ line is used to signal
to the MPU that received data may be read or transmit data may be written
in the ACIA. Interrupt is also given when overrun or loss of data carrier
(DCD input high) occurs during reception.

4 MC 6850
13 18 ACIA*
13 e
A _irs 7
o  Roj—Z—
B by
O e
RTS lo—2—
20
-E-l_— DO
£l _1nj
20 455
-8 o3 3
_18 | 04' <> RXC ‘-<-——4
BTN TXC be2d—
-—-}-%——Ds RXD -é—%—
= e L

Fig. 8 ACIA drawing symbol
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The IRQ for the receiver and transmitter sections may be masked by
setting bits in an internal control register or by resetting the ACIA via
the control register.

The peripheral interface lines are, for the receiver section:
@ RXD, Received data input.

e RXC, Receiver clock input. Received data bits are shifted into the
ACIA on the positive edge of RXC when clock rate = bit rate. In
this case clock and data have to be synchronized externally. The clock
rate may be selected (by control register bits) to be 16 or 64 times the
bit rate. In this case the ACIA synchronizes internally.

® DCD, Data carrier detected input. When this input is inactive (high),
the receiver section of the ACIA is inhibited and initialized. DCD
causes IRQ if receiver interrupt is enabled.

The transmitter section peripheral lines are:
® TXD, Transmitted data output.

® TXC, Transmitter clock input. Transmitted data bits are shifted out
from the ACIA on the negative edge of TXC if clock rate = bit rate.
The clock rate may be selected together with RXC clock rate to be 16
or 64 times the bit rate.

e RTS, Request to send output. This output may e.g. be used to initiate
a modem for sending. The signal is controlled by two control register
bits. -

® CTC, Clear to send input. This input may e.g. be used to tell the
ACIA and the MPU that a modem is ready for sending. When inactive
(high) the status bit TDRE (transmitted data register empty) and
the possible resulting IRQ are inhibited.

Asynchronous Communication

As bytes may be transmitted asynchronously, a start bit has to be sent first
to tell the receiving equipment that a byte is coming. When no character
is transmitted, there is a high level on the line.

A low level is then transmitted during one bit time, i.e. the start bit. See
Fig. 9. Then the data byte is transmitted with the least significant bit first.
A parity bit may follow. The sequence is closed by transmitting one or
two stop bits (high level) followed by idling (high level) or next character.
Note that the signal levels mentioned above are valid for positive logic
only (as on ACIA pins RXD and TXD).

Word length (7 or 8 bits), use of parity bits and number of stop bits are
selected by control register bits.

L Character ! | ) Character 2

Variable

Start
Stop
Start
Stop

!dle | | i

1 Tobiz[s]a]sel7] I fo1]l2i34ls5le7

t

Fig. 9 Asynchronous transmission, character structure

ES0002331E-1
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Registers

The ACIA contains four registers that are available from the data bus.
A register is selected by the address line (RS) and the R/W line:

R/W = 0 (write only) R/W = 1 (read only)
RS=0 Control register Status register
RS=1 Transmitted data register | Received data register

Transmitted data register, stores 8 bits of data to be transmitted from
the TXD output. Received data register stores 8 bits of data, received
on the RXD input.

While one byte is being shifted out from the ACIA, another may be
loaded into the transmitted data register.

In the same way, when a byte is shifted in, it is automatically transferred
to the received data register from where it should be read within one byte
time, before the next byte is fully received.

{)
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Control Register
The control register has the following format:
76543210

I N

L Counterdivide select
Word select

Transmitter control

Receiver interrupt control

The bits are further explained below:

b7 Receiver interrupt control. 1 = IRQ at received data register full
(RDRF), overrun or low to high transition on the DCD input.
0 = receiver interrupt disabled.

( J gg Transmitter control:
b6 b5 |Function
0 0 |RTSoutputislow. Transmitterinterruptis disabled.
0 1 |RTSoutputislow. Transmitterinterruptis enabled.
1 0 |RTSoutputishigh. Transmitter interrupt s disabled.
1 1 |RTSoutputislow. Transmitter interruptis disabled.
Alow level istransmitted on the TXD output.
b4
b3 Word select:
b2
b4 b3 b2 Data bits Parity bit Stop bits
(” 0 0 0 7 Even 2
0 0 1 7 Odd 2
0 1 0 7 Even 1
0 1 1 7 Odd 1
" 1 0 0 8 None 2
( 1 0 1 8 None 1
1 1 0 8 Even 1
1 1 1 8 Odd 1
bl

b0 Counter divide select. These bits determine the clock divide ratios
utilized both in the transmitter and receiver. The receiver clock
and data must be externally synchronized in the divide by one
case. These bits provides also a master reset which must reset the
ACIA before initialization:

b6 b5 {Function
0 0 |Divideclockby1.
0 1 |Divideclock by 16.
1 0 |Divideclockby 64.
1 1 |Master reset.

E90002331E-1
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The status register has the following format:

76543210

L1

L RDREF, receiver data register full
TDRE, transmitter data register empty
DCD, data carrier detect

CTS, clear to send

FE, framing error

Ovrn, receiver overrun

PE, parity error

IRQ, interrupt request

The bits are further explained below:

b7

b6

b5

b4

b3

b2

bl

b0

IRQ. 1 = IRQ output low, i.e. at receiver data register full,
transmitter data register empty, overrun or DCD input inactive.
The bit is reset by master reset, reading receiver or writing
transmitter data registers.

PE is set as long as a data character with parity error is resident

in the receiver data register and master reset is inactive.

Ovrn. 1 = one or more data characters not read in time were lost.
The Ovrn is not set until the valid character prior to overrun has
been read. Ovrn is reset by readings of the receiver data register
or by the master reset.

FE. 1 = the first stop bit is absent in a received character. FE is
reset by readings of the receiver data register or by the master
reset.

CTS, follows the CTS input. Transmitter data register empty is
inhibited when the CTS input is inactive.

DCD, goes high when the DCD input goes, or is, inactive after
DCD reset. DCD is reset by first reading the status register and
then the recetver data register or by the master reset after that
the DCD input has gone active.

TDRE. 1 = new data may be entered into the transmitter data
register. TDRE is reset when new data is entered in the register
or by the master reset.

RDRF. 1 = received data may be read from the receiver data
register. RDRF is reset by areading of the register, by the master
reset or if the DCD input is inactive.

L,

{ /3
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Internal Communication with Keyboard

A keyboard can be connected to a display unit. A keyboard expansion
unit and a magnetic identification device are, when used, conngcted to
a display unit via a keyboard unit.

The communication procedure, hardware circuitry and line interface
are described in the Keyboard chapter. Some information is also found
in the Display Unit and Magnetic Identification Device chapters.

{ Internal Communication with Selector Pen Device

A selector pen can be connected to a display unit. The signals between
. them are described in the Selector Pen chapter.

E90002331E-1
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Appendix 1

Alfaskop System 41 Physical Device Addresses

Bits 7 0 0 0 0 0 0 0 0
6 0 0 0 0 1 1 1 1
5 0 0 1 1 0 0 1 1
4 0 1 0 1 0 1 0 1
3210 | Hex 0 1 2 3 4 5 6 7
SINGLE
0000 0 | DUor | DU4 8 12 16 20 24 28
DUO
SINGLE
0001 1 PUor PU4
PUO
SINGLE
0010 2 | FDbor | FD4
FDO
0011 3 - -
0100 4 | DU1 | DUB 9 13 17 21 25 29
0101 5 PU1 PUS
0110 6 FD1 FD5
0111 7 - -
1000 8 | DU2 6 10 14 18 22 26 30
1001 9 PU2
1010 A FD2
1011 B
1100 c DU3 7 11 15 19 23 27 31
1101 D PU3
1110 E FD3
1111 F

C01¢ = Communication processor address (old versions)

FE(;sy = Communication processor address (late versions)

(COy1g OF FE 1 is also used by the configuration master functions of a single DU)
FDy16) = System FD address

E90002331E-1
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Appendix 2

Message Format Summary

All numbers are in hexadecimal. For the interpretation of X (in Msgtyp
below) and the message header see Msgtyp/Status layout. See also
Explanations below.

Poll Message
Message header

Todev Dsa Frdev Status|
Poll [ | [corre[z80 !
1

When Frdev=C0:Dsa =FF
when Frdev=FE:Dsa =00 for DU
=01 for PU
=02for FD
~ (COorFE depends on version of operating system)

Answer to Poll Messages

Message header Message contents
Answer
Negative Todev Dsa Frdev Statusjtype
answer to poll  (CO/FE| FF_| [=80 | FF |
‘ | answer
Answer to poll ltype Emstatl Emulation status
with emulation [CO/FE[ FF | |80 TED | | _<S8bytes _ |
request |
|Answer Slave
Answer to poll type adress Prio  Msa  Ssa
with open [corre[ FF T T=e0 poors] | | | ]
session request '
|Answer .
Answer fo poll type Smsa Pric

with continue  [co/ee] FE | [=zsc jcorre] | |
session regest |

E90002331E-1
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Communication Control Messages

Message header Message contents
s Todev Dsa Frdev Msgtyp, Smsa Msa
conn, :
connect slave I I |corre] x8 : | | )
Scenn  Smsa Msa Status
response [corFe] | | X8 | i [=s0]
I
Abort | | | EN
I
presk [ T8
Mconn ISmsu Msa
» |
connect maéferI I |corFe] Xc | I |
|
Eot L [ [ [Xxe|
I
Eos i | | L XF

I} Same interpretation as Statds in Answer to poll messages

Data Messages

ERICSSON 2

Message header Message contents
Todev Dsa Frdev Msgtyp,
Ack | | ] [ X0 |
} User _i_nf_o_I_I_
nfo [ 1 T X1, <60 bytes |
| User data byte5and following
bate [ ][ X2 <u0%ibyles |
I User data bytes 1-4 Data length
oh | | | [xu! | 2 bytes |
I User info_User data bytes1-& Data length
infobh[ [ T [ X5 IS4 bytes | Ab_y’r_gs__
I
rRid | | | | X7 :
Denq | I I [ x9 :
Reject| | | | x|
I

'} May be data

A
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Explanations

Some of the definitions used in the message field above are explained
below. ’

Answer Type and Slave Address
The Answer type has the following meanings.

For a negative answer to poll the Answer type has the value FF ;¢ and is
the only byte in the message contents field. For an answer to poll with
emulation request it also indicates the host system number, at present
the only value allowed is ED ;4. In an answer to poll with open session
request the Answer type value may be 00, or 80(y¢), thereby marking
the address type of the following slave address byte. 00(;5) means physical
device address. 80(;5) means logical device address, where the logical
C address has a layout as presented below.

76543210
L IR

T—— Terminal type (asin Todev and Frdev)

Logical device number (00-31,())

In an answer to poll with continue session request the Answer type value
is C0(16) o1 FE 46, (depending on early or late version of operating system

Emstat]l and Emulation Status

( The Emstatl states the number of bytes (maximum 20 bytes) in the following
emulation status field.

Msa and Ssa

Msa and Ssa stands for master and slave session addresses. They have
the same layout as Dsa.

Smsa

Smsa, System master session address, is the session control block number
in the configuration master of the control block containing information
on each opened session. Smsa is a number between 005y and 20,56).
There is one Smsa for each opened session. This number is told to the
terminals involved when the CP opens the session and may thus be used
by the session master wanting to continue a suspended session.

E90002331E-1
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Prio
A session is always assigned a certain priority. The Prio byte in an answer
to a poll message with open or continue session request contains this
priority. It decides in which queue in the configuration master the request
will be entered. The priorities used are (in falling priority order):
Priority | Meaning Usedin
OE Host request or line monitor request cP
orabort handler request
0C Stressed device request FD
0A Load request CcpP DU
08 Locate volume request CP DU
06 FD /0 supervisor request CcP DU
04 Printrequest DU
02 Utility request DU
00 IPLrequest cpP DU FD
Data and Data length

Data is transmitted in two messages. The first four bytes are transmitted
in a Dh or an Info Dh message and the rest of the data in a data message.
Data length is a two byte field containing the length of the data sent in

the following data message.

ERICSSON Z
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Communication Processor, Remote

Contents
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General

Communication Processor Remote, CPR 4101, forms an interface
between a host computer and a cluster of Alfaskop System 41 terminals.

The Microcomputer chapter ought to be well understood before this
chapter is studied. A good orientation on the Communication chapter
is also recommended; especially the Hardware part under Internal
Communication via Two-wire. This chapter will in principle only treat
circumstances not discussed in or solved in other ways than said in the
two chapters mentioned above.

This chapter is written for CPRs with CPB E34060 0010. Differences
in CPB E34060 0000 are, however, pointed out within brackets.

Functions

The CPR is used when a remote connection is wanted (e.g. via modem
and telephone network) of a cluster of up to 32 display units (and printer
units) or/and flexible units to a host computer. Two CPRs are needed
for dual host systems.

The CPR:
® Regularly polls the connected terminals for status and transmission

requests.

e Governs transmission to and from the host computer via modem
adapters (SCA/SCC), performs editing and code transformation etc.

@ Interconnects terminals in the cluster.

® Keeps trace of connected (turned on) units and which volumes
(diskettes) that are inserted into the flexible disk units of the system.

Subunits
( , Basically the CPR can handle eight terminals. It then contains (see Fig. 1):

@ CPM, CPR mechanics assembly, i.e. cabinet including front panel.

e FPS or CPS, power supply including universal power board, UPB.
See chapter Power Supplies.

e CPB, communication processor board, containing the basic micro-
computer with MPU, timing logic, interrupt control logic, address
decoding logic, memory access multiplexing logic (including direct
memory access logic), 32 + 2 kbytes of memory, crosspoint selection
logic, and (two-wire) data link controllers.

e TUA, terminal unit adapter, providing eight two-wire connections.
The TUA contains a crosspoint system for connection of the terminals
in the cluster, line drivers/receivers, and line transformers for the
two-wires. The transfer speed is 300 kbits/s.

EE358-810B
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e TAB, TUA interconnection board, connecting the CPB and up to five
TUA boards. The TAB contains modulators/demodulators, clock
generators with phase correction, delay logics and off switches.

e CTF, CP and terminal fan.
As mentioned above five TUA boards can be connected although four

are at most used today. There is further place for six optional boards,
which can be:

@ MRW or MRW-A, memory board, read/write. An MRW or MRW-A
can be mounted if additional 16 or 32 kbytes of memory are wanted.
See chapter Memory Board R/W.

® MRO, memory board, read only. An MRO can be mounted if additional

24 kbytes of read only memory are wanted. See chapter Memory
Board RO.

e SCA, synchronous communication adapter which is used for commu-
nication with a host computer via modem. See chapter Synchronous
Communication Adapter.

e SCC, synchronous communication controller which is used for
communication with a host computer via modem. See chapter
Synchronous Communication Controller.

Mechanics

The mechanical build-up of CPR 4101 is shown in Fig. 1. The plastic
cabinet is the same as for the CFU and (late versions of) the FD. The
main parts of the CPR, from the mechanical aspect, are:

@ Box with CPB.

® Rack for TAB, five TUA, and six optional boards.

® Power supply.

e Fan unit.

The TUA boards are connected to the TAB board. The optional boards
are stacked on each other and connected to the CPB with a cable.

The following connectors may exist in front of the TUA and the optional
boards:

e Eight two-wire or coax connectors for each inserted TUA.
e Connector for V.24/V.28 (25 pins).
e Connector for X21 (15 pins).
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Fig. 1. CPR assembly.

-
{
\

Brief Outline

Monitoring

The CPR front panel shows four lamps. See Fig. 1. The lamps are mounted
on the CPB:

e Ready lamp is governed by the CP program. It blinks when the CP
has started an internal poll in order to find the system diskette and glows
steadily when the CP has loaded the operating system in its read/write
memory.

e Line 1 lamp is governed by a line activity signal from the SCA (or
SCCQC). It glows steadily if data is regularly sent to, and blinks if data
is only received from the host computer. (For details see chapters on
Synchronous Communication Adapter or Synchronous Communication
Controller.)

e Line 2 lamp is not used today.

e Power on lamp is directly governed by the +5 V power.

EE358-810B
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Memory Map
Fig. 2 presents the memory map of the CPR.

The memory areas are described in the Microcomputer chapter, circum-
stances pertaining to more than 32 kbytes of memory in the Memory
Board R/W chapter, and the interrupts under the following heading.
Strapping information is found in the Installation and Maintenance
Manual.

As can be seen from the memory map the following circuits are addressed
(I/O addresses) on the CPB:

e PTM for producing timer interrupts (IRQ 1).

e MIC PIA for interrupt control etc.

@ One CSPIA, four ADLCs, and one DMAC for the two-wire interface.

Circuits on optional SCA or SCC boards can also be addressed. Commu-
nication with a host computer may proceed via circuits on an SCA at 3
addresses F76815) — F77F ¢).-

If an SCC is used, the microcomputer of the CPB reads data from and
writes data to the host computer in a dual access area on the SCC. The
addresses 60005, — 7FFF y¢) are then reserved for this purpose and the
memory on the CPB must in this case be limited to 24 kbytes by strapping.
The SCC handles certain message editing and the actual transfers between
the dual access area and an interface circuit (SSDA or ADLC) on the
SCC. For details see chapter Synchronous Communication Controller.

Interrupts ' )

The principles of the interrupt system are described in the Microcomputer
chapter. The locations of the interrupt vectors (i.e. the addresses to the
interrupt routines) are found in the memory map.

Here follows a description of the origin, properties and use of the different
CPR interrupt signals.

Interrupts out

Two interrupt signals can be generated and fed to subunits. Interrupt
slave Lis generated when b5 is set in the peripheral register A of the MIC
PIA. Interrupt slave I1 is generated when b3 is set in the same register.

Reset, NMI, and SWI

The MPU is reset at power on or at depression of the Reset button. The
MPU will after a reset fetch the contents of the cells FFFE ;) and FFFF 45
to the program counter and execute the reset program (see also Reset
functions).(On CPB E34060 0000 a depression of the Reset button will
cause an NMI instead of a reset.)
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HEX
ADDR
FEFF INTERRUPT VECTORS
Reset FFFE, F
‘Non maskable interrupt )
Software interrupt AB
Defauit interrupt 8 9%
{ 7 ADLC channel 0 6.7
| 6 ADLC channel? 45
I -5 ADLC channel 2 23
| & ADLC channel 3
110 addresses z FFFO. 1 'y
| 3 SCAISCC FFEE F
2 o
| | {1 pTH A
| 0 Operating system '
| ! Battery RWM FRES, 9 |
| : t=peripheral IRQ. 7=high priority
: | {on MRO) F800
| ' wolg|§ _
=i E
l : =IEE E7F0
| | xo E
| I il FIE0
| 1
I | 4
2112 F700
L2 | EEpE
e F7C8
| i =|E[F| Pla FTCu-7 £7C0
|- MRW (MRO} |
’ {’ 8000 Max -1 . -
( T RWM {F80
on B
CcPB 4
32k . JF7A0
May be 4
on SCC F7%90
F780
6800  _ _ _ Q
=8 I s F178
May be blacked ] | _SSDA F770
6000 | _ __ _____ | ) by stropping o PiA £ 768
rr JF760
24k 4
F 750
3| scc Fr48-8
El Pa , F740
ADLCch 3 F738
ADLC ch 2 F730
ADLC ch 1 F728
4000 | ] | 3 ADLCch O F720
[ : W30 -
JF710
{\‘ 16k DMAC F700-16
F700
o S g
o 8o 2
Wy we o
e
4 2000 ____T____
|
(8k) ADLC = Advanced data link controller MRW = Memory board, read/write
CPB = Communication processor board - PERI/O = Peripheral input/output
cs = Crosspoint selection PIA = Peripheral interface adapter
DMAC = Direct memory access controller PTM = Programmable timer module
IPL - = Initial program load SCA = Synchronous communication adapter
MCP = Microprocessor control panel SCC: = Synchronous communication
MIC (I/0) = Microcomputer, central part controller
{input/output) SSDA = Synchronous serial data adapter
0000 MRO = Memory board, read only TWI = Two-wire interface
* MPU reading FFF8— FFF9 will transfer the contents of two cells within FFE8 —FFF3, depending
on highest priority valid interrupt, to the MPU.

** A (read or preferably) write operation into one of the cells FFE8 — FFF7 will result in a setting
of a corresponding mask value. As an example, FFEE or FFEF from the MPU will disable
interrupts of priority < 3.

*** Not present during the three DMA cycles DMAT1-T3.

Fig. 2. CPR memory map.

EE358-810B
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NMI, non-maskable interrupt may be generated from the test unit MCP
(Microprocessor control panel) or when a parity error is detected at
readouts from the read/write memory. The program can test the source
of the interrupt by reading the peripheral register A of the MICPIA and
test bits 0 and 2 (and 7 for CPB E34060 0000) (see MIC PIA functions).

SWI, software interrupt is generated by an MPU instruction.

Interrupt 7 — 0 and Default Interrupt

Interrupts 7 — 0 (17 — 0) are set in the interrupt register. The interrupts
are arranged in a priority order where 17 has the highest priority. A set
interrupt must be of the same as or higher priority level than denoted by
the present value of the mask register in order to be valid. The interrupt
vector is fetched from the cells FFF8 ;¢ and FFF9,4) (default interrupt)
if a triggering interrupt is not valid at the time of the vector fetch.

The maskable interrupts, 17 — 0, are further only serviced if the I-bit of
the MPU condition code register is reset. I7 — 0 originate from the
following sources:

17 originates from the ADLC (advanced data link controller) of channel 0.
16 originates from the ADLC of channel 1.
I5 originates from the ADLC of channel 2.
I4 originates from the ADLC of channel 3.

I3 may originate from a non-steady source (short pulse interrupt). It
will be latched by the interrupt logic if bit 4 of the MIC PIA peripheral
register A is set. Any latched interrupt is reset and the state of the
I3 line to the interrupt register will be equal to the state of the in-
coming interrupt line if bit 4 is reset. The I3 line is used for instance
by an SCA or an SCC.

I2 functions as I3 but is controlled by bit 6 of the MIC PIA peripheral
register A.

I1 originates from the PTM.

I0 originates from the CA2 output of the MIC PIA. The program can
thus make an interrupt by writing 110, in bits 5 — 3 of the MIC PTIA
control register A.

Programmable timer module, PTIV

A programmable timer module, PTM, is used to provide two or three
time bases for generation of timeouts and a real time clock (calendar
clock) in the CPR. A detailed description of the PTM circuit is found in
the Microcomputer chapter.

The PTM contains three timers with 16-bit counters. Timer 1 is typically
programmed to divide the basic clock (42) by 21 300 and thus make an
interrupt (I1) every 20 ms (50 Hz). The output from timer 1 is fed to the
clock input of timer 2 and there typically divided by 50. Timer 2 wili thus
make an interrupt (I1) every second. Timer 3 is a spare timer, which for
instance may be used for short time measurements.
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Terminal Communication

General

The CPR communicates with the terminals in the cluster via four ADLC
(advanced data link controller) circuits. For a description of the used
communication procedure and a survey of the hardware functions please
refer to the Communication chapter.

Each one of the ADLCs forms a part of one of four channels. Each channel
can by a crosspoint system on each used TUA board be connected to
eight two-wires. See Fig. 3. Each two-wire may be chained to a display
unit (and a printer unit) or/and a flexible disk unit. Note that the demands
on maximum response times and number of terminal addresses in different
applications introduce restrictions in the number of connected terminals.

0

Channel CPB:mTAB | TUA 1ya 3

2 11
[
|

3 AV VAN NN |: TN NN <N\
I

Two-wire 0 17 2 3 & 5 6 7 | 2425 26 27 28 29 30 31

i

I

I

[

[

|

: !
I |
|

!

|

|

I

|

I

I

I |
b
b
{ .
| |
l
: I VI VA B VA A S A VI I VA VI VI VIR VAR
| i
i }
| !
L
I !

Fig. 3. Crosspoint system principles.

A certain channel may be connected to any one and any number of two-

‘wires in the crosspoint system. Transfers may also take place on more

than one channel simultaneously. Note, however, that a certain two-wire
should not be connected to more than one channel at the same time.

The ADLC:s are controlled by the MPU or by the direct memory access
logic, including a DMAC (direct memory access controller) circuit. The
crosspoint system is controlled by a crosspoint selection PIA (peripheral
interface adapter) and a crosspoint selection logic. See block diagram.

Direct Memory Access Functions

The DMAC (see Microcomputer chapter) control of the four channels,
means that the DMAC registers associated with a certain channel must
be used both for read memory (transmit data) and write memory (receive
data) access sequences. As suggested above, more than one channel
may be enabled simultaneously. The direct memory access timing (inchuding
DMAC), ensures that only one channel transfers a byte at a certain time.

EE358-810B
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An ADLC may thus be accessed in two ways (see block diagram):

® Addressed by the MPU; CE ADLC provided by the two-wire interface
address decoder, R/W and address lines for register selection provided
by the MPU. All ADLC registers can be accessed.

® Addressed by the DMAC during DMA T2 (DMA mode); CE ADLC
provided as DMAC encoded channel address (TXAKA and TXAKB)
directed DMA mode signal to the proper ADLC, R/W and one address
line provided by the DMAC. Receiver and transmitter FIFOs can
only be accessed as the other address line (A1) is tied high.

Channel Usage

The four channels are used in the following way:

@ Channel 0is used for internal polling, i.e. to investigate if the connected
terminals want to communicate with the host computer or transfer
data to or from another terminal in the cluster. (Note that FDs are
considered as terminals.)

@ Channel 1is used for connections between the CPR and the terminals
in the cluster, e.g. for initial program loading of the CPR or connecting
sequences. It can also be used for terminal to terminal communication
(see Channel 3 below).

® Channel 2 is used for traffic between the terminals and the host
computer. As an example, say that the CPR while polling has found
that a number of display units want to send messages to the host
computer. When the CPR then is polled (or a terminal selected) by the
host computer the CPR connects the display units, one after the other
on channel 2. The actual message is then via the CPR stored in the line
buffer and by the SCA (or SCC) transferred to the host computer.
The SCA handler program takes care of the data in the line buffer,
makes necessary code transformations, and sends the data.

® Channel 3 is used for internal traffic (terminal to terminal communication).
A display unit on one two-wire may e.g. answer to a poll (on channel 0)
that it wants to make a local printout on a printer unit connected to
a display unit on another two-wire. In case this printer unit is not busy
and no other units are queuing to use the printer unit, the CPR connects
the requesting display unit with the printer unit on channel 3. Note
that the ADLC 3 (in the CPR) will still be listening to the traffic. Thus,
the CPR program may know when the transfer is completed.

Turning Crosspoints On and Off

Each crosspoint consists of two SCRs (silicon controlled rectifiers or
thyristors). To connect one two-wire to one channel a selection address
and an On order are written in the crosspoint selection PIA. Thereby
one TUA enable signal, one two-wire enable signal (Tw en) and one
Channel select (Ch sel) signal are activated, making the selected pair
of SCRs conducting.

The selection signals disappear when the On order is cancelled via the
PIA. The SCRs require hold currents in order to stay on. These hold
currents are provided as long as the Channel off (Ch off) signal is not

)
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activated. The Channel off signal will, when activated, turn off all cross-
points connected to one (selected) channel.

Thus:

® When a selection word and an On order are written into the cross-
point selection PIA, only one pair of SCRs (one crosspoint) is activated.
To connect more two-wires to the channel, one selection must be
made for each crosspoint.

® A certain crosspoint may not be disconnected separately — all cross-
points of one channel will be disconnected at the same time.

Crosspoint Signals -
There are two physical connections (for each channel) through the
crosspoint switch, see block diagram. One is used for:

® Modulated received data (transferred as current) and Request to send
out (RTS out, transferred as voltage).

The other is used for:
® Modulated transmitted data (transferred as voltage).

Modulated transmitted data is provided by the modulator/demodulator
of the channel in question and may originate from:
® The ADLC (i.e. from the CPR memory).

® A terminal connected to the channel, that sends data to the modulator/
demodulator on the Modulated received data line (transferred on
the same line as Request to send out through the crosspoint switch).

Request to send out is generated in the modem when:

® The ADLC signals Request to send, set by the CPR program before
the CPR starts transmitting to the terminal(s) connected to the channel,
or: ~

® The modulator/demodulator receives valid Modulated received data.
Note that the modulator/demodulator generates Request to send out
and Modulated transmitted data not only when the CPR is transmitting
but also when some terminal is sending data into the crosspoint system.
The two-wire line driver (on the TUA) connected to the terminal sending
into the CPR will be disabled, i.e. not affected by the Request to send

out signal occuring on the channel — the line drivers of all other two-wires
connected to the channel will, however, be in the transmitting state.

This enables (in addition to ordinary transfers):

® Transfers of messages between terminals in the cluster.
® Connections of display units listening to the traffic on the channel.

® The CPR to keep track of terminal to terminal communications.

EE358-810B
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Example of Data Transfers
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There are thus three communication modes as shown in Fig. 4.

Receive mode

Modulator /

Crosspoint
system

demodulator

Transmit mode

Modulator /

Terminal

Crosspoint
system

demodulator

Retransmit mode

Modulator/

Terminal

Crosspoint
system

demodulator,

NN

VAR

Terminal Terminal

Fig. 4. Communication modes.

Fig. 5, an excerpt from the block diagram, exemplifies a data transfer

situation in the crosspoint system:

® One byteis transferred from the memory of the CPR to the ADLC of
channel 0 under the control of the DMAC circuit.

® A previously transferred byte of a poll message is shifted out from
the ADLC of channel 0, modulated, and transmitted to a terminal

connected to two-wire number 7.

® Data is transferred from a terminal connected to two-wire 0 to another

terminal on two-wire 3. Note that:

— Channel 1 is used.

— Data proceeds via the modulator/demodulator.
— Data is accessible for the microcomputer of the CPR (in ADLC1).
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Fig. 5. Cluster data transfer example.
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Detailed Description
This section will only cover more complicated circuits or special solutions.

Microcomputer PIA, MIC PIA, Functions

Input/Output Functions

The MIC PIA controls several central functions. See chapter Micro-
computer; Peripheral Interface Adapter, PIA for definitions and a general
survey. However, IRQA, CA1, IROB, CB2, PB7, 5, and 4 are not used.
(Neither CB1, PB6, 3, 2, and 1 for CPB E34060 0000.)

The CA2 output is used to generate interrupt 0 if CRA b3 is zero-set
(CRADS, 4 = 11,)).

The MIC PIA interrupt flag (CRB b7) is set if the Reset button is depressed
(as CB1is then taken low). This must be checked by the program as IRQB
is not connected. (This paragraph is not valid for CPB E34060 0000. The
state of the Reset button is here fed to PA7 and can thus be checked by
a MPU read of peripheral register A.)

The PA outputs/inputs are used in the following way (opposite polarity
means "do not” or ’not”):

PA7 Input  Hard-wired low. (1 = Reset button depressed in CPB
‘ E34060 0000.)

PA6 Output 1 = latch interrupt 2

PAS5S Output 1 = interrupt slave I

PA4 Output 1 = latch interrupt 3

PA3 Output 1 = interrupt slave II

PA2 Input 0= MCP connected and in test mode

PA1 Output 0 = lit Ready LED

PAO Input 1 = parity error FF is set

The PB outputs/inputs are used in the following way:

PB6 Output 1 = activate (general) Reset. The output must be set low
after power on. (The MPU and the MIC PIA are not
reset by [general] Reset.) (This paragraph is not valid
for CPB E34060 0000.)

PBO Output 1 = reset and keep parity error FF reset.

PB3-1 are not used today. PB3 ought to and PB2-1 must, however, be
low. (The last sentence is not valid for CPB E34060 0000.)

N
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Reset Functions

‘The MPU is reset by a power on reset or a Reset button depression. The

MIC PIA is only reset by the power on reset. The (general) Reset is
activated at power on and stays active until MIC PIA PB6 is set low by
the MPU.

The (general) Reset will not be activated at a Reset button depression.
The MPU, however, will check the MIC PIA interrupt flag (CRB b7) and
find that the button has been depressed. The MPU can then make a general
reset by setting MIC PIA PB6 first high and then low.

(The reset function differs in CPB E34060 0000. The [general] Reset will
be activated at power on. A depression of the Reset button will lead to
a non-maskable interrupt, NMI, which must be handled by the program
as the MPU cannot generate a hardware [general] Reset.)

Crosspoint Selection Control

Crosspoint Control Signals

The control signals to the crosspoint system are generated in a crosspoint
selection PIA (peripheral interface adapter, see Microcomputer chapter
for a general description) and distributed via a decoder and a selector
on the CPB (crosspoint selection logic on the block diagram) and a decoder
on each TUA board.

The PIA generates an On signal from CB2 and a Channel off (Ch off)
signal from CA2. All of peripheral register B is used as output with the
following function:

76543210

L

- Two-wire address (Tw addr) decoded to one
of eight two-wire enable (Tw en) signals when
applicable TUA enable is present. 000, =
Twen0. 111, =Twen7.

TUA select. When On is active these bits are
decoded to one of five TUA enable signals.
TUA enable 0 (TUA select = 000(,)) enables
the decoding of Tw en 7 — 0 on the TUA 0,
TUA enable 1 (TUA select = 001,)) enables
the decoding of Twen7—-0onthe TUA 1, etc.

Channel select (00, = channel 0, 11, =
channel 3). These bits are used to control the
distribution of On (called Ch sel 3 — 0 when
fed to the TUAs and En [able] curr [ent] on the
TAB and TUA logic diagrams) and Ch off to
applicable channel.
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Crosspoint Selection PIA Control
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In order to get the above mentioned functions the control register A
(CRA) of the crosspoint selection PIA must be set as follows:

76543210

L e [ 7]

CAZ2 output (Ch off) follows what is written
into this bit (if bits 54 are ones). 0 = selected
channel is turned off. 1 = connections may
be made on all channels.

CA2follows CRA b3. )
CAZ2 functions as output.

Control register B (CRB) should contain:

76543210

L [ofa] Ja] "]

Peripheral register B accessible. This bit must
of course be 0 at the initiation when the Data
direction register B is set to all ones.

CB2 output (On) follows what is written in
this bit (if bits 5—4 are ones).

CB2 follows CRB b3.

CB2 functions as output.

)
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TAB Functions

15

The TAB contains for each one of the four channels (see Fig. 6) a clock
generator with phase correction, a modulator/demodulator, a delay circuit,
and an off switch. The off switches are treated under TUA Functions
as they functionally belongs there.

The Hardware section under Internal Communication via Two-wire
in the Communication chapter is preferably read before the following

pages.
P8 TAB TUA
( _—
V Clock
9.585 MHz generator
with phase
correction
( JKMS Carry
clock 600 kHz
600 kHz
Bit clock
Rec data Mod rec data
Modulator/
Tr data demodulator Mod tr dcn‘a_;
RTS RTS out o
Delay
TS
(4' 9
DEND

Fig. 6. ADLC/Crosspoint system interface.
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Transmitting

Data to be transmitted (Tr data, from the ADLC) is presented in serial,
not modulated, format to the modulator/demodulator. The modulator/
demodulator converts the signal to a frequency shifted signal, Modulated
transmitted data (Mod tr data), which then eventually may be fed to the
two-wire(s).

Transmitted data is, when Request to send (RTS) is active, modulated
in two steps. See Figs 7 and 8. A Bit clock (300 kHz) and a Transmitted
data condition (Tr data cond) signal is generated in a ROM (and a D
flip-flop as far as the Bit clock is concerned). The Bit clock causes the
ADLC to send new data bits on the Transmitted data line. Transmitted
data condition is either a high level (corresponding to Transmitted data
low) or a copy of the Bit clock (corresponding to Transmitted data high).
Transmitted data condition is then fed to a JKMS flip-flop which generates
the frequency shifted signal, Modulated transmitted data. Note that the
clock generator always feeds Carry and JKMS clock, thus even during
transmission.

(PB ' TuA
Mod rec data
Data
Carry Shift register
Clock
Tr data
RTS
ROM
=)
cl x
o (=)
Yl e
E [w)
> S oy iy
5 P 5 5
w ™ (W] w
DF JKMS DF DF
1 | o 1 1o 1 1o 1 ] o
Rec data
Bit clock
RTS out
Mod #r data

Fig. 7. Modulator/demodulator.

R
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Carry, 600 kHz 1T 1T 1T 17 17 17 1T 171

Bit clock

Tr data

Tr data cond
JKMS clock

Mod fr data

Bit value I o 1 o I 1 | o | 1 |

Fig. 8. Modulation timing diagram.

The Request to send output (TUA out) follows the Request to send
input (RTS) in the transmit mode and is a function of Modulated received
data in the retransmit mode.

Clear to send (CTS, see Fig. 6) follows Request to send input (RTS)
with a delay of 32 periods of ones. This delay will enable the modem in
the receiving unit (e.g. in a DU) to synchronize before the transmission
is started. A frequency corresponding to the state of the Transmitted
data input will be sent on Modulated transmitted data during the delay.
An active DEND signal (at the end of a transmission sequence) from
the DMAC (see Microcomputer chapter) will deactivate Clear to send.

Receiving

[o ]

Ol

The Modulated received data (Mod rec data) from a two-wire is fed to
the modulator/demodulator and the clock generator with phase correction.

The clock generator with phase correction consists of a counter which
generates a 600 kHz Carry signal and a 600 kHz JKMS clock by dividing
a 9.585 MHz clock by 16 when a phase correction logic is inactive. The
phase correction logic is activated by positive transitions on the Modulated
received data line and will then make the Carry and JKMS clock coincident
to the center of the shortest received pulses. As can be seen from Fig. 9
the phase correction logic may compress or stretch the nominal 600 kHz
period by Y16. When a positive transition occurs during the first half of
a JKMS clock period, the Carry and JKMS clock are accelerated, when
the transition comes during JKMS clock high time the Carry and JKMS
clock are slowed down.
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9 585 MHz

Hex counter value 6§789ABCDEF 2D h§7B9ABCDE2
lock,

JKMS clock, 600 kHz (7/7)"

Carry, 600 k Hz & ]

Mod rec data (ones)

Correction condition (13/9) /

Pos Ineg correction (13/6) [ \

Load counter (4/16) . L \ L]
Reset correction logic (4/19) LJ ‘\ L

If no positive fransition has occurred on Mod rec data during @ (600 kHz ) period the
counter will count : DEF0123,5etc.

“Figures within brackets refer to chip and pin number on logic diagram

Fig. 9. Phase correction timing diagram.

The modulator/demodulator (see Fig. 7) works as follows. The Carry
signal (600 kHz), mentioned above, clocks Modulated received data
into a 5-bit shift register, which thus will contain the latest received five
bit halves as the bit rate is 300 kHz. The outputs of the shift register are
as well as the generated Bit clock (Transmitted data, and Request to
send) fed to the address inputs of a ROM. The functions of the ROM
in conjunction with one JKMS and three D flip-flops are to:

® Identify the bit limits and validate the sequence of ones and zeroes

on Modulated received data, i.e. each bit must consist of an LH, HL,
LL or HH and there must be a shift of polarity between the bits in
order to be accepted:

L L rr

o1 ]1]|1]0]

—=t——=- One bit time

Generate a demodulated form of valid Modulated received data, i.e.
Received data (Rec data, for the ADLC). Received data is always
high when Modulated received data is invalid.

Generate a 300 kHz Bit clock (for the ADLC) with a positive transition
in the middie of each bit time (which may require a 180° change of
phase).

Remodulate valid Received data to Modulated transmitted data and
generate RTS out. This function is only used in retransmit mode.
The remodulation is done analogous to the modulation in transmit
mode.

It will take one bit time from that a bit is clocked into the shift register
until it is clocked out of the Received data flip-flop.

N

€)
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TUA Functions

Fig. 10 shows the circuits pertaining to one channel and one two-wire
on a TUA board and the off switches on the TAB.

The connection through the crosspoint switch will be established when
the Two-wire enable (Tw en) and Channel select (Ch sel) signals are
activated, i.e. when the encircled double collector transistor in Fig. 10is
turned on (if Channel off [Ch off] is inactive). The SCRs will then be
kept on by the holding current between the ~ +10 Vto RC1 and RC2in
the current to voltage converter and the —12 V of the current sources in
the voltage to current converter. The SCRs are turned off when the bases
of the transistors T1 and T2 in the current to voltage converter are sunk to
—12 V by an active Channel off signal. (No one of Modulated transmitted
data, Request to send out, and Modulated received data can then be
transferred through the crosspoint system.)

Data from the two-wire line is via the line transformers and line receivers
fed to the receive gate and the data carrier detector. The detector will,
if it accepts the signal, allow the signal to pass the receive gate and close
te RTS gate which will disable the line driver and thus inhibit transmitting
to this two-wire. The receive gate output affects, by the connection to the
emitter of T3, the current through T3 (but not the voltage at the collector
of T3), SCR1, T1 and RC1 (if the SCR1 is on). This creates a signal voltage
across RC1 Wthh is converted to a TTL level by a comparator and fed
to the TAB as Modulated received data.

At sending data on the two-wire line, Request to send out and Modulated
transmitted data control the voltages at the bases and thus also at the
emitters of T1 and T2. These voltage differences are transferred through
the crosspoint switch (if the SCRs are on). An active Request to send out
enables the two-wire line driver, if the RTS gate is not closed by the data
carrier detector. Modulated transmitted data is by the line driver fed to
the line transformers and the two-wire line. (The currents through the
SCR1, SCR2, T1, and T2 are not affected by the different voltage outputs
from T1 and T2. )

The modulator/demodulator will always refresh and retransmit valid
Received data to the crosspoint switch on the Modulated transmitted
data line. Request to send out will also be active and the two signals are
sent to all connected line interfaces (on the same channel), even the line
interface which receives the original signal from the line, but the line driver
in this one is disabled by the incoming signal from the two-wire. Note
that at least one more than the receiving crosspoint must be connected
in order to obtain an actual retransmission. Note also that Modulated
transmitted data and Request to send out are transferred through the
crosspoint system at the same time as Modulated received data is transferred
through it in the opposite direction.

EE358-810B
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Crosspoint switch

Mod rec data

RTS out

Mod tr data

I current

-1y ‘ I to voltage SCR2
Off switch _ _ _ _ _ _ _ _ _ _ _ _ Converter o | | ____.
l
Mod tr data 4
ov |

RTS out

Mod rec data

|
! oV
]
Receive |
gate |
| | |
Data |
carrier | Th T3
detector |
RTS
gate ! :
Line \ Line I }
driver receiver | _5y s
I
|
I

— L 3—s5v Lipv []J D { }

Line transformer | Voltage to current
Line i_fl*?_ffs_ce__[ 'Yy ] ___________ lconverter

Two-wire line

Fig. 10. Crosspoint system and two-wire line interface. (One channel, one two-wire.)
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General

Communication Processor, Local, CPL 4102, is used for high speed
communication between a host computer and a locally connected channel
attached cluster of Alfaskop System 41 terminals.

A description of the components that are common to the two types of
communication processors of Alfaskop System 41 is found in the chapters
Microcomputer and Cluster terminal system, in this manual. The following
components are special to CPL 4102:

CLM CPL mechanics (see Mechanics below)

CCC1,CCC2 Channel communication controller boards. CCC 1
contains a high-speed microprocessor with associated
2k X 64-bit program storage in ROM. CCC 2 contains
channel interface circuits, address decoding, and a
line buffer for intermediate storage of communication
data to/from the host computer.

CIB CCC Interconnection board

This chapter contains:

® A description of the interface signals and sequences as specified by IBM

® A brief outline providing basic knowledge of the operation of CCC
circuits and program at the block flow chart level

@ Detailed description of important functions and circuits, and a detailed
example of the microprogram execution.

E90002332E
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Mechanics

CPL 4102 consists of the same basic assembly as CPR 4101. See Fig. 1.
The difference is that CPL is equipped with CCC 1, CCC 2, and CIB
instead of SCA/SCC. Another difference is the size of the cabinet. To
simplify accomodation of the heavy cables to the computer, CPL is de-
signed for floor mounting.

TUA CPB CCC Power supply

Board position A
Board position B CCC1
Board position C CCC2

} __— CIB board
+5V

 — 0V

Priority switch
High{up)/Low(down)

| —— Relays

Front panel

Indicator lamps L.1—-L4

Enable lamp

Reset pushbutton
Normal/Test switch
Enable/Disable switch

Power on switch

Channel inlet
Note IN means into the CCC that
is to say out from the channel.

Fig. 1. CPL 4102 — mechanical design

Principles of Local Connection

General

The purpose of the channel communication controller, CCC, is to control
the exchange of signals between the IBM I/O interfacg and the CPB
interface. -

This section outlines the main principles of interface operations between
the CCC and the IBM channel. Detailed information about this interface
can be found in the offical IBM document No GA 22 — 6974 — 0 entitled
”IBM System /360 and System /370 I/O Interface Channel to Control
Unit Original Equipment Manufacturers Information” The Alfaskop
System 41 Reference manual (document No FE411-810) contains also
detailed information about commands, orders and message layout.
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The IBM computer has several channels for communication with I/O
control units. Up to eight control units can be connected to one channel.
One example showing CPL 4102 connected as a control unit is shown in
Fig. 2. Normally, several other types of control units are connected to
the same channel. The channels can be of three types: selector, byte-
multiplexer and block-multiplexer. A byte-multiplexer channel can
operate either in byte-multiplex mode or in burst mode. A selector
channel operates only in burst mode. A block-multiplexer channel
operates in burst mode but allows muitiplexing between blocks.

IBM 0: Byte multiplexer channel
1,2: Can be switched to block|
_"'I_-l_'l'a;s_o! multiplexer channel or to
0 11 12 PR selector channel
] i i !
CPL 4102
"CPB TUA TUA
| O | _ 3
CPB R
bus
ccc ]
0..... 7 0..... 7
/| ]
FD DU FD DU PU
4120 4110 4120 4110 4154
N
1
CPL 4102
CPB TUA TUA
—— 0 — 3
CPB —
bus
cce
0..... 70 1o..... 7
The total number of terminals is
i Terminators I limited to 256 per 1/O channel.

Fig. 2. Principles of connection to IBM channels

E90002332E
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CPL 4102 can be connected to any of these channels. In multiplex mode,
multiplexing can be made between bytes or blocks to or from different
control units but not between bytes or blocks involving different devices
within one control unit.

The channel program controls the various operations in the control unit
by transmitting information across the I/O interface. This information
consists of:

® An address byte that selects one control unit and one of the connected
terminals

® Command bytes that specify which operation is to be carried out

® Data bytes which consists of the text that is to be displayed or printed
out on the selected terminal or orders calling for the formatting of the
buffer in the selected terminal

® Various control signals

In order to inform the channel program of general conditions in the
terminal system, the control unit generates status bytes on the following
occasions: .

® In response to a command
® When an operation that has been called for has been executed

® When a terminal wishes to communicate with the computer

If two or more control units are attached to the interface, only one unit
can communicate with the computer at any one time. Selection of a
control unit is controlled by a signal (passing serially through all control
units) that permits, sequentially, all units to respond to the signals
provided by the channel. In this way, the different control units may be
selected on a priority basis. CPL 4102 is normally placed at low priority.

Except for the above mentioned selection control signal, all communi-
cations to and from the computer channel occur over a common bus, i.e.,
any signal provided by the channel is available to all control units.

‘
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Input/Output Interface Lines

The I/O interface connects a computer channel to control units. External
cables physically connect all control units in a chain with the first control
unit connected to the channel. See Fig. 3.

The /O interface lines and their uses are:

Name of line Abbreviation Uses

Bus out position P BusoutP Bus out, used to transmit
Bus out position 0 Busout 0MSB information (data, /O
Bus out position 1 Busout1 device addresses,

Bus out position 2 Busout?2 commands, control

Bus out position 3 Busout3 orders) from the channel
Bus out position 4 Busout4 to the control unit.

Bus out position 5 Busout$5

Bus out position 6 Busout6

Bus out position 7 Busout7LSB

BusinpositionP . BusinP Busin, used to transmit
Bus in position 0 Busin 0MSB information (data,
Busin position 1 Businl selected I/O device
Busin position 2 Busin?2 identifications, status
Busin position 3 Busin3 information, sense data)
Bus in position 4 Busin4 from the control unit to
Bus in position 5 Busin5 the channel.

Busin position 6 Busin6 *

Bus in position 7 Busin7LSB

Address ouit Adrout Tags, used for inter-
Addressin Adrin locking and controlling
Command out Cmd out information on the bus,
Statusin Stain and for special sequences.
Service out Srvout

Service in Srvin

Operational out Oplout Selection controls, used
Operational in Oplin for the scanning of, or the
Hold out Hid out selection of, attached I/O
Select out Selout devices.

Selectin Selin

Suppress out Sup out

Requestin Reqin

Clock out Clk out Metering control

Note that the out lines are always used for signals from the computer
and in lines for signals from a control unit.

The tags, selection controls and metering control are lines in the same
cable, called the tag cable.

Note: When a signal is said to be »up», »down», »raised», etc, reference is
made only to the logic state of the signal, i.e. up (raised) means a logical
one while down (dropped) means a logical zero. Do not confuse with
actual voltage levels.

E90002332E
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IBM System
{10 channel
01,2,3 etc.

Tag Bus

HH

Q Connector with light grey top

L@  Connector with dark grey top

Y ey s

Af A7/

Tag Bus Bus Tag
in in  out out

Communication
Processor 4102

~ELB_AE_

Tag Bus Bus Tag
in in  ouf oufl

Communication !
Processor 4102 _Jl

mllm| FiFI

Tag Bus Bus Tag
in in  out out

Communication
Processor 4102

Fig. 3. Connections to IBM channel

Tag Lines

The tag lines are used to define the period during which information on
Bus out or Bus in is valid. The address, status, data, etc byte is placed on
the appropriate bus ]ust prior to the rise of the tag line in question, but
the bus information is not valid until the tag is up. Fig. 4 shows the

transfer directions for different kinds of information.

Address

Command

Status

Sense

Data

CPU

Control unit

A

A

Fig. 4. Directions of information transfers.

Address out, Adr out is a signal to all connected control units, which
indicates that the channel has placed an address on the Bus out. The
address byte has been placed on the bus just prior to the rise of Adr out.

Address in, Adr in is a signal to the channel from the control units,
indicating that a control unit has placed the address of the selected I/O
device on Bus in just prior to the rise of Adr in.

W

()
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Command out, Cmd out is a signal to all control units, indicating that the
channel just has placed a command byte on Bus out. ‘Command out can
also indicate ”proceed” or "stop”.

Status in, Sta in is a signal from a selected control unit to the channel,

indicating that it has placed a status byte on Bus in.

Service in, Srv in is a signal from a selected control unit to the channel,
indicating either that the control unit has placed a byte on Bus in or that
it is ready to accept a byte on Bus out.

- Service out, Srv out is a signal from the channel meaning a response on
Srv in or Sta in, indicating that the channel has accepted the byte on Bus
in or has provided a byte on Bus out as a result of Srv in.

Selection control lines

Select out, Sel out and Select in, Sel in are in contrast to all other lines
connected so that a closed loop is formed. It runs from the computer
through all control units via a terminator block back through all control

units to the channel. See Fig. 5.

IBM
channel

Out lines.

Priority 1 Priority 3
{10 Control 110 Control
unit unit

Priority 2

{/0 Control
unit

In lines

Select out]

Select

D

Strapped for
low pr‘uom’ry

SelemL
logic

Sfruppgd for
h'lgh priority

: Select
logic logic
Strapped for
lect i i iori
Selectin I)&;gh pmorn;y
D = Driver
R = Receiver

T = Terminator

Fig. 5. Interconnections to the IBM I/ O interface
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The series connection of the control units means that Sel out is first raised
at the first control unit after the channel. If the control unit does not
wish to communicate with the channel, it generates propagated Sel out
which is sent to the next control unit in the priority chain, etc.

Hold out, Hld out is a signal from the channel to all control units, which
always appears together with Sel out. It is used for synchronization and
for minimizing the propagation at the fall of Sel out by simultaneously
clearing Sel out from all control units.

Operational out, Opl out. No lines from the channel, except Sup out,
are valid until Opl out is up. Opl out down will cause general reset in
CPL 4102 except when Sup out is up.

Operational in, Opl in is a signal to the channel, confirming that a control
unit has been selected. The signal must stay up during the selection. Opl
in can only rise when incoming Sel out is up and propagated Sel out is
down, i.e. when Sel out is not sent to the succeeding control unit.

Suppress out, Sup out is a signal from the channel providing:

@ Suppress data

® Suppress status

© Command chaining
®

~Selective reset
These functions will be explained further on.
Request in, Req in is a signal from a control unit, indicating that the

control unit is ready to provide status or data and therefore awaits a
selection sequence.

Metering control lines

Clock out, Clk out, when raised (by the channel) indicates activity on
the buses.

Bus in and Bus out lines

Each bus is a set of nine lines consisting of eight information lines and
one parity line. When a byte, transmitted over the interface, consists of
less than eight information bits, as is the case with ASCII characters, the
bits are placed in the highest-numbered contiguous bit positions of the
bus i.e. as the least significant bits. Unused lines present logical zero.
The parity bit (odd parity) always appears in the parity position.

Busline Binary Hexadecimal
EBCDIC | position value |position value
P P P
0 128 8
1 64 4 High order
2 32 2
3 16 1
4 8 8
5 4 Low order
6 2
7 1

)
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Bus out is used to send addresses, commands, orders and data to the
control units. '

Bus in is used to send addresses, status information, detailed status
information (sense) and data to the channel.

Detailed information about addresses, commands, status and sense can
be found in the Reference Manual (document No FE411 —810) sections
Commands and orders and Local operation.

Communication Sequences

In the following description the data exchange is illustrated using timing
diagrams and sequence diagrams showing small parts (sequences) of the
interface procedures. All these diagrams are to be read in a similar way
and therefore only the initial selection in burst mode is described in
detail.

Burst mode and multiplex mode channels

Burst mode implies that a complete data transfer is made, from initial
selection, through the transfer of data and including ending sequence.
This means that one whole message or block is transferred in one row,
without being interrupted by any other communication over the interface.

The channel decides which mode to operate in (burst or multiplex) and
burst mode is normal at high speed I/O devices. A control unit can force
burst mode on a multiplex channel by holding up Oplin. However, CPL
4102 can not force burst mode. The forced burst mode can be overridden
by an interface disconnect sequence from the channel.

Multiplex mode implies that only one byte at a time is transferred to or
from a certain device. The channel thereby shares its time between a
number of I/O devices as in the following example:

Initial selection of A, initial selection of B, initial selection of C, byte
to A, byte to C, byte to B, byte to A, byte to B, etc, ending sequence C,
byte to A, ending sequence B, ending sequence A.

A burst mode channel, which is not capable of working in multiplex
mode forces burst mode by holding up Sel out.

Data transfer from channel to control unit, burst mode

When the channel wants to transfer data to an I/O device, it performs an
initial selection sequence (see Figs 6 and 7) to start the operation. Such
a sequence starts with the channel placing the actual device address on
Bus out and then raising Adr out, Hld out, and Sel out. The control unit
then raises Opl in, which in this case means that the address on Bus out
was recognized and that Sel out has not been propagated to the succeeding
control unit. The channel then drops Adr out.

To indicate to the channel that the correct control unit has been selected,
the control unit then places its address on Bus in and raises Adr in.

E90002332E
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Adr out 1

Hid out

Sel out /

Opl in

Adr in

Cmd out

Sta in

Srv out

Bus in

I
[
!
|
!
|
I
|
I
1
[
[
I
l
|
|
l
I
|
|

I
1
:
|
!
i
|
|
I
!
I
|
i

RN SR AUS NN RN S

| Address IS"rufus

‘ ' (Zero)
Bus out —,—L r——

Address Command
Fig. 6. Initial selection timing, burst mode

This is accepted by the channel when Cmd out rises, which also indicates
that the command byte on Bus out is valid. The command byte informs
the control unit what it is expected to perform.

The control unit accepts the command and indicates this by dropping
Adr in, whereupon the channel drops Cmd out.

The selected control unit now places a status byte (zero) on Bus in and
raises Sta in (see ”Local operation: Initial Status” in the Reference
manual). This is to inform the channel that the I/O device is ready to
accept a message.

The channel acknowledges the status byte by raising Srv out, whereupon
the control unit drops Sta in and the channel drops Srv out.

The communication then begins with a data transfer sequence (see Figs
8 and 9) during which write control character, buffer addresses, text
bytes etc. are transferred to the control unit (and the I/O device). The
control unit raises again Srv in when the channel has sent the last data
byte, but this time the channel responds by raising Cmd out. This indicates
that an ending sequence shall be made.
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Channel ; CPL4102
Adr on Bus out '
b Adrout
§ Hid out
b sel out
L

§ oplin

f Adr out

l

Adr on Bus in
f Adr in

r | '

Cmd on Bus out

% Cmd out
I
Bl
5 Adr in
t Cmd out
Sta (Zero) on Bus in
} Stain
‘ |
( i
* Srv out
. l
(D { Stain
* Srv out
l _ to data transmisson

sequence, burst mode

Fig. 7. Initial selection sequence, burst mode
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| ! (
| NS S IR
dout __ _ e |
Cm OU — l | _:____1 _____ | I l \I__
Bus out | | !
Data Data Data
Fig. 8. Data to control unit transfer timing, burst mode
Channel CPL 4102
b sSrvin
, |
Data on Bus out -
} Srv out
‘ I
} Srvin
§ Srvout
;l New data cycle
|
[
|
b _I
b Srvin
[
Zero on Bus out
* Cmd out
L - _I
§ Srvin

{ Cmd out

Fig. 9. Data to control unit transfer sequence, burst mode
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Hld out

Sel out

Opl in

Sta in

Srv out

Bus in

During the ending sequence (see Figs 10 and 11) the control unit transfers
its synchronous ending status (CE) to the channel, whereupon Hld out,
Sel out, Opl in drop. When the writing operation in the I/O device is
finished, the control unit sends an asynchronous status (DE). (See Figs
18 and 19.) In this sequence the raise of Cmd out indicates; proceed.

—

iy

o)

Fig. 10. = Ending timing, burst mode

Channel CPL 4102
Sta {(End) on Bus in
Sta in
|
I
! Hid out
}  Sel out
% Srv out
i
|
{ Stain
{ Oplin
[ ]
{ Srv out

Fig. 11. Ending sequence, burst mode
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Data transfer from channel to control unit, multiplex mode

First the channel makes an initial selection (see Figs 12 and 13). In multiplex
mode, the Hld out and Sel out drop as soon as the control unit has raised
Adr in. Therefore, only the command can be sent in the initial selection
sequence.

Adr out M

Hld out

— 1 A

|
Sel out )

opl in ] j

I |
Adrin { :

I | : \
Cmd out | i

I I

| 1

| | }I
Sta in | 1o

[ b ;I

| I R
Srv in | lll[l |

| | I
Bus in

[ Address Status

t (Zero)
Bus out .___J l_-‘

Address Command

Fig. 12. Initial selection timing, multiplex mode
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Channel

Adr on Bus out
Adr out
Hid out
Sel out

l

15

CPL&102

Oplin

Adr out .

l

Adr on Bus in
Adr in

I .

|
Hlld out
Sel out
Cmd on Bus out
Cmd out
. 1 _I

Adr in

Cmd out

Sta (Zero) on Bus in

STulin

Srv out
i
Sta in
Opt in
| |
Srv out
I - to data transfer

sequence, multiplex mode

Fig. 13. Initial selection sequence, multiplex mode
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As soon as the control unit is ready to accept a byte, it raises the Req in
(see Figs 14 and 15). The Cmd out tag is raised to indicate proceed, no
command is transferred since that was made in the initial selection. One
byte is transferred each time Req in is raised.
Reg in _————
Hld out . _———— o
f \
Selowt b 1Y /| LA e —_— \
Opl in -
Adrin _—
[ 1
| [ any
Cmd out | _———— : 3
. L
|
Srvin b —_—— ' L
P
Il |
[ |
Srv ouf | I —_—— I |
{ | | | I : | I
|
!
Bus out ! : r_ -—— } : r_
Lo Data I Data
Bus in | _ i _————
Address Address

Fig. 14.  Data to control unit transfer timing, multiplex mode
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Channel CPL4102
Req in
J
|
Hld out
Sel out
l
L3
Opl in
Adr on Bus in
Adr in
Req in
: J
Hld out
Sel out’
led out
Adr in
Cmd out
Srv in
|
Data on Bus out
Srv out
|
|
Opl in
Srv in
J
l
Srv out
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When the channel has sent all bytes to the control unit, it performs the
interface stop sequence (see Figs 16 and 17). In this sequence the channel
raises the Cmd out twice, the first time to indicate proceed and the second
time to indicate stop.

Req in

Hld out

Sel out

Opl in \l\

Adrin /

Cmd out

Srv in

Srv out

Bus ouf

I
I
I
!
!
I
|
I
I
[
|
|
[
T
[

[
|
i
I
[
I
t
|
I
!
I

Bus in ‘ r_‘

Fig. 16. Interface stop timing, multiplex mode
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Channel CPL 4102
Reg in
|
Hld out
Sel out
l
L
Opl in
Adr on Bus in
Adr in
Reg in
]
[
Cmd out
Hld out
Sel out
L
Adr in
Cmd out
Sry in
Cmd out (stop)
Srv in

I

Cmd out

Fig. 17. Interface stop sequence, multiplex mode
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The ending sequence in multiplex mode after write type operations are
two status transfers according to the status sequence (see Figs 18 and 19).
The first transfer includes the synchronous ending status (CE) and the
second, which is performed after the operation is concluded in the I/O
device, includes DE.

Req in

Hld out

Sel out .

Oplin

Adrin \

Cmd out

Sta in

Srv out

Bus in ' !—-I

Address

Bus out r_

Fig. 18. Status timing

I
|
|
L
C
|
by
L
.
|

)
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Channel CPL 4102
Req in
]
|
b Hid out
4 Sel out
|
i
Opl in
Adr on Bus in
Adr in
Req in
|
|
{ Cmd out
{ Hld out
{ Sel out
| |
Adr in
{ Cmd out
l
Sta on Bus in
Sta in
! |
} Srv out
I
Sta in
Opl in
|
¥ Srvout

Fig. 19. Status sequence
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Data transfer from control unit to channel, burst mode

A transfer from a control unit to the channel always starts with the control
unit raising Req In (see Figs 18 and 19). This causes the channel to raise
Hid out and Sel out. The control unit thereby identifies itself by the
address and then feeds status Attention, indicating a request for service.

The channel thus performs an initial selection (see Figs 6 and 7) transferring
aread type command. Thereafter, the communication commences with
a data transfer sequence (see Figs 20 and 21). When the last byte is sent,
the control unit places the ending status on the bus (see Figs 10 and 11)
whereby the communication ends.

The channel can at any time during the communication break the transfer
by raising'Cmd out instead of Srv out and thereby indicate stop. The
control unit then places the ending status (CE + DE) on the bus (see
Figs 10 and 11).

-=9
Srv in | Z Z __/_‘:fl:\ ‘T\____
[ |
| W | | iy
/
Srv out | : ] ! l!".!"_'_
! i oy
I I v ]
! (- 1{ L4
| | | | | i 77 _
Cmd out __:_:_____:_:_____.._}__:_____r.‘{ “t—=
i | i
l r—l ==
Bus in __r_ —_—— b — =
Data Data Data Data
Bus out
Fig. 20. Data to channel transfer timing, burst mode
Channel CPL 4102
Data on Bus in
f Srv in
’ Srv ouf
§ Srvin
Srv out
[ New data cycle

or ending sequence

Fig. 21. Data to channel transfer sequence, burst mode
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Data transfer from control unit to channel, multiplex mode
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A data transfer to the channel in multiplex mode also starts by a status
transfer (see Figs 18 and 19). Then follows an initial selection (see Figs 12
and 13) and data transfers (see Figs 22 and 23). When the last byte is
transferred, the control unit sends the ending status (CE + DE) according
to the status sequence (see Figs 18 and 19).

The channel can at any time break the transfer by raising Cmd out instead
of Srv out (see Figs 16, 17, 22 and 23). The byte sent from the control
unit is in such case neglected. The control unit then transfers ending status
(CE + DE, sequence in Figs 18 and 19).

Regin

Hld out

Sel out

Opl in

Adr in

Cmdout

Srv in

Srv out

l
|
|
L
|1
b
I
I
P
N

Bus in h

— v —

Address

Bus out

Address

Fig. 22. Data to channel transfer timing, multiplex mode

E90002332E



24

Communication Processor, Local

ERICSSON Z

Fig. 23.  Data to channel transfer sequence, multiplex mode

Control unit busy (short busy)

Channel CPL 4102
Req in
|
|
Hid out
Sel out
|
1
Oplin
Adr on Bus in
Adr in
Req|in
|
Cmd out
Hld out °
Sell out )}
|
Adr in
| ' 2
Cmd out
1
Data on Busin
Srv in
I |
Srv out
LA
Srv in
Opl in
| |
I J
% Sry out

()

If the channel tries to address an I/O device, the control unit of which is
busy or has a status concerning another I/O device waiting, a control unit
busy sequence is made (see Figs 24 and 25).

When the control unit at hand recognizes the address on Bus out, it feeds
control unit busy status on Bus in and rises Sta in. The channel thereby
drops Adr out when the busy status has been recognized.
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Req in

Hid out

Sel out

Adr out

Gpl in

Adr in

Cmd out

{H Sta in

Srv out

Bus in

—
N4

Bus out /

Status Busy and status Modifier =
Status Control Unit busy

Fig. 24.  Control unit busy timing

{ Channel CPL&102

Adr on Bus out

* Adr out {Regin
4 Hld out dropped)
{ 4 Sell out
Sta on Bus in
{BandSM)
§ S’m!in
|
! Hid out
‘ Sel out
|
1
i. Sta in
I ]
ﬁ Adr out

Fig. 25. Control unit busy sequence
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If the channel tries to address an I/O device, which is occupied by e.g.
a print operation or by a pending (waiting) status, busy status is placed on
Bus in and Sta in is raised as a response to the command from the channel
during the initial selection. The situation is shown in Figs 26 and 27.

Note that the command is not accepted.

Suppress data

If the channel is not able to accept a new data byte it can suppress the
next byte if it raises Sup out before Srv out is dropped.

Hid out

Sel out

Adr out

Opl in

Adrin

Cmd out

Sta in

Srv out

Bus in

Bus out ____J

Fig. 26. Device busy timing

|/

| \ /

=k

g |
R

S

IR,
el il

| 1 i

Command out

Status Busy=
Device Busy
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Channel CPL 4102
Adr on Bus out
} Adr out (Req in
§ Hld out raised)
* Sel out
l I
Oplin
{ Adr out
{ I ‘
Adr on Bus in
Adr in
|
o
{ Cmd onBus out
§ Cmd out
I
Adr in
§ Cmd out
l ]
Status on
Bus in (Busy)
Sfal in
{ { srvout

P

Sta in

{ Srvout

Fig. 27. Device busy sequence
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Stack status and suppress status

Whenever the channel is unable to handle a status, it may raise Sup out.
The control unit must then drop Req in if the status that it wants to transfer
is suppressible. Status containing CE or DE is normally not suppressible
until it is stacked. To stack status Cmd out is raised (see Figs 28 and 29).
Note that in burst mode, Sel out and Hld out must be dropped before
the raise of Cmd out.

Req in |

AN

Status

SE—

Cmd out

Sta in

i1
it
T 1/
i

Sup out

Fig. 28.  Stack status and suppress status timing

Channel CPL 4102

{ Stain

!
* Sup out .

§ Cmd out
L

{ Stain

* Cmd out

L Control unit must not raise
Reqg in until Sup out has dropped

Fig. 29.  Stack status and suppress status sequence

Selective reset

The I/O device being selected can be reset by the channel if it raises Sup
out and drops Opl out. This affects the status of the selected I/O device
and concludes the CPL operations (DE is not sent). Other units do not
react to the drop of Opl out since Sup out is up.

‘)
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Command chaining

The channel can execute a number of different operations in sequence
at the same terminal. This is made by command chaining which implies
that the channel stops any attempt from the control unit to initiate a
selection regarding any of its own I/O devices until all chained operations
are completed. This is achieved if the channel raises Sup out when the
control unit generates end status. Sup out must remain up until the control
unit raises Opl in within the following initial selection.

Interface disconnect

The channel can force the control unit to remove all signals from the
interface by having Adr out up when Sel out and Hld out are dropped
(see Fig. 30). The control unit will then normally raise Req in for subsequent
sending of the ending status.

Adr out : -

Hld out

Sel out | / }

Fig. 30. Interface disconnect timing
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Brief Qutline

General

Basic design

The two printed circuit boards of the channel communication controller,
CCC, contain interface control circuits and data buffering between the
channel and the communication processor board, CPB. The block
diagram, Fig. 31, shows that the various function blocks communicate
via two bus systems, the CCC bus, internal to the CCC; and the CPB bus,
between the CCC and the CPB. A third printed circuit board, CCC
interconnection board, CIB, is not shown in Fig. 31. The CIB is basically
a backplane board with interconnections.

CCC 2 includes:

Receivers and parity check for incoming bus, control, and tag signals
from the channel.

Drivers and parity generation for outgoing bus, control, and tag signals
to the channel.

Select logic and address decoder to determine if the control unit is
selected by the channel.

Line buffer, to store and forward data to/from the channel.

Address counter, to address the line buffer during data transfers
(read or write) between the channel and the line buffer. (During
read/write between the line buffer and the CPB, the line buffer is
addressed from the CPB address bus.)

Reset logic for power on and reset detection.

A test connector (P4) for connection of a recorder for analysis of bus
and tag activity.

CCC 1 includes:

Microprogram controller, controlled by instructions from the micro-
program and by test conditions, generating the address to the micro-
program PROM.

Microinstruction PROM storing 2k 64-bit instructions forming the
CCC microprogram.

Pipeline register, storing an instruction while the result of the previous
instruction is taken care of, and while the next instruction is made
available at the output of the microinstruction PROM.

7

()
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] | 0bus Y-bus I
8 bits 8 bits
o | 5o I cPB
A3 J (D3 Address
l Per®2 Control signals Data 8 bits 16 bits Reset
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condlition
select.r
Test T/ VecT
?RO ! ( Clock pulse
- Microprogram W regenerator
controller
T
P l
Pl
P
! Y0-Y7 A0-A7
! V>| Reg. [
Microprogram _J
memory (PROM) A0-A7
2k x 64 bits
Communication
64 memory
256 x 8 bits
DO-D7
Pipeline register Yo-v7 DO-D7
64 bits @ : < {Reg. K
= . .
L__TJa 2] 15 [[20] 8 | |15 Do-D7 DO-D7_
A —] >i I;
Control A q LS D ‘)
N
=
Test condition selector ¢ Y
y 00-D7
Carry, Zero, Sign Communication
memory enable
Status Coarse A8-A15
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cce 2 [
Cu adr D‘A Y0-¥7
1 Reg.
Test condition
selector Mask Yo-Y7 Address .
T SEL l} 1 Reg. K Iner counter Clear
AD-A12
—AT!
Select Valid Address Ab-A12
logic decoder
N
T N TAG OUT Direction —— g} \
D0-D7
N e | N
TAGO HAD—AIZ
: [k
{ Reg.
Test condition selector Line buffer
8k x 8 bits
2 RWM
<
2 Parity
=4 Test P4 check
b=3
@
0-7
20-D7 Y0-Y7
Bus ~ N L
TN o e
I D0-D7 N 4 D0-D7 |
= A [Ek
Bus E A 0-7.P Ltk Reg Yo-v7 ACSCEN R Reset
Bus ¢ — . 1 Reg. — ) Reg. H
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CCC bus v Data Address
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nerator !
% | Front panel
' Test/Normal Enable/Disable Power on Reset
| LED:s .

Fig. 31.
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® Two 4-bit microprocessor slices containing ALU functions for mani-
pulation of data on the CCC bus.

® Communication memory, addressed from either of the two bus
systems, storing status information from displays, printers, flexible
disk units, and other information used to establish and maintain
communication.

® Coarse address decoder, sensing the eight most significant bits of the
CPB address bus. This decoder delivers an enable signal to the line
buffer control circuits if it is addressed, or to the communication
memory control circuits if it is addressed.

® Clock pulse regenerator, synchronizing the CCC clock to the CPB
clock by means of a phase-locked loop.

® A test connector (P4) for connection of a recorder for analysis of
activity on internal address and data buses.

@ A test connector (P5) for external addressing of the microprogram
memory.

@ Test connectors (P6, P7) for connection of external PROM storage.
The internal microprogram PROM chips are automatically disabled
when external PROMs are connected.

CIB includes:
® Relays to provide automatic propagation of Select out at disabled state

or power off.

® High/Low priority switch, determining if Select out shall be caught on
its way out from the channel (high priority) or on its way back from the
terminator (low priority).

CPL panel controls and indicators
The CPL panel (see Fig. 1) holds the following controls:

® Power on switch (mains voltage switch)

® Enable/Disable switch

@ Normal/Test switch

® Reset switch (reset function via CPB)

All indicator lamps are lit at power on. When the lamps go off they
indicate:

® Lamp 1: CCC program is started

® Lamp 2: Result of internal CCC processor test is "Go”

® Lamp 3: Result of internal test of status memory is "Go”

® Lamp 4: Result of CCC-CPB communication test is "Go”

The Enable lamp is controlied by the CCC via relays on the CIB. The
power on switch contains a built-in indicator lamp.
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CPB indicators
Two of the five indicator lamps on the CPB front are of interest in CPL
4102:

e Lamp 1: Blinks when CPL has started with an internal poll to find the
system disk. Glows steadily when the CPL has the operating system
loaded into its memory

® Jamps2—4: Not used
® [amp 5: Lit directly by +5 V from the power supply

CCC Basic functions

The main function of the CCC s to serve as a buffer between the high-speed
channel and the devices connected to the CPL unit. Fig. 32 provides
a summary of the CCC function.

‘ Start »

Start up routines

]

! ;
Disabled Enabled
{ |i Disable Enable Disable Disable Position of switches
Test Normal Normal Test ‘J on the front panel
l Immediate stop

FE Programmed
( internal tests

Call from the channel Call from a device

(Select and valid address) (Scanned from communication

memory)

l

Send status to
the channel

Read
sequence

Write
sequence

e omsem e

Fig. 32. CCC basic function

E90002332E
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Start-up routines

Immediately after power on to the CPL, the CCC starts to perform internal
tests such as processor tests and RWM tests. During this time the CPB
has read in the system program from the system disk, and is ready to
interface the CCC. The CCC then tests the communication to the CPB,
via interrupts and the communication memory.

When all tests have been carried out correctly (all lamps on the front
panel are switched off), initiation of the CCC starts. This means that the
specific address of the CPL unit is loaded into an address decoder, so
that the channel can address the CPL unit. Moreover all commands and
status bytes to and from the devices (display units and printers connected
to the CPL) are reset.

The CCCis then ready to start operation and enters either the enabled or
disabled state, depending on the switch on the front panel. In the disabled
state, programmed internal tests can be carried out (Normal/Test switch
on the front panel in position test). Normally the CCC is in the enabled
state. ‘ ~

In the enabled state the CCC senses the following:

@ (Call from the channel
@ Call from a device
@ Enable/Disable switch

Call from the channel

If the Select in signal and a valid address appears on the channel, the CCC

immediately catches the select signal and starts communication. If a

Write command is detected (data from the channel to a device), the CCC

stores the command to the device in the communication memory and :

the datain the line buffer memory. At communication end an interrupt )
is sent to the CPB, telling that data has been received from the channel

to a certain device.

The CCC then enters a wait state (a sort of enabled state), while the CPB
transfers command and data from the CCC memory to the selected device. ( )

The CPB then returns with an acknowledge to the CCC, telling that data
has been received correctly. The CCC then calls the channel and transfers
the acknowledge to the computer. Thereby a write sequence 1s ended
and the CCC returns to the enabled state.

Call from a device

If a device wants to call the channel, the CPB stores a status in the
communication memory, which is scanned by the CCC in the enabled state.
When the status is detected, the CCC switches over the line buffer memory
to the CPB, so that data to the channel can be loaded in the memory.
Moreover the CCC sends a request to the channel, telling that the CPL
has got a message for the channel. The CCC then enters a wait state
(enabled state), waiting for sending the message.
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Then when the channel is calling back for a read sequence, the CCC sends
the data stored in the line buffer memory. At end the CCC tells the CPB
that the data is sent, by changing status in the communication memory.
Thereby a read sequence is ended and the CCC returns to the enabled
state.

Enable/Disable switch

In the enabled state the CCC also senses the Enable/Disable switch on the
front panel. If the switch is set in position disable the CCC enters the
disabled state as soon as the program permits.

CCC Interfaces

The interface to the channel is described under ”Principles of local

connection”.
r The interface to the CPB contains the following signals:
gg;c_ﬁc!:)gc Abbreviation Description
——) |Abus(A0-A15) Address bus
{——> | D-bus(D0-D7) Databus
—m | Per@2 Clock pulse
—= | R/W Read/Write signal
—_—w | VMA . Valid memory address
==——— | [JRQCCC(IRQ3) Interrupt request
~———= | |RQCPB (Int.slave 1) Interrupt request
—= | COL Column (address valid)
— [ NMI Non-maskable interrupt
(reset function)
{
CCC Processor

The CCC processor handles the transfer of messages between the IBM
channel and the CCC line buffer. This includes evaluation of tag signals
from the channel, routing of data, and control signals and generation of

tag signals to the channel. The processor consists of the following circuits
(see Fig. 33):

o
e

® Microprogram controller

® Microprogram memory 2k X 64 bits (PROM)

® Pipeline register 64 bits, for latching of instructions

@ Two 4-bit bipolar microprocessor slices

® Selectors for jump selection.

The processor uses two 8-bit buses, a D-bus and a Y-bus. The D-bus is

used for routing of data into the microprocessor, whereas the Y-bus is
used for data from the microprocessor.

E90002332E
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Per @2 D-bus Y-bus
. 8 bits 8 bits
{ Clockpulse ¢
regenerator
Cl
Test conition selector
Microprogram
controller
Microprogram
memory (PROM)
2k x 64 bits
Pipeline register
64 bits
Test condition selector
Carry, Zero, Sign
S(A-1)
| Status J
| register [ &)
e e Microprocessor Cl
slices
)
YO-Y7
Fig. 33. CCC processor { }

The two cascaded microprocessor slices form an 8-bit high-speed processor
array containing an 8-function ALU, 16 addressable registers, and various
other circuits. The processor array is mainly used for logical manipulations,
data testing, etc.

The system clock is generated by a circuit which is phase-locked to the
CPB clock. The frequency is four times the reference frequency Per @52.

Microinstructions

Each of the microinstructions stored in the microprogram memory is 64
bits wide. The memory has room for 2048 such microinstructions. They
are clocked out into the 64-bit pipeline register by the system clock. A
summary of the microinstruction interpretation is found in Appendix 1.
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The out lines of the pipeline register are connected as follows:

® 4 lines are used to instruct the microprogram controller how to
determine the address of the next microinstruction. There are 16 such
instructions. The simplest of these instructions is Continue, which
means that the next sequential microinstruction is to follow. The other
instructions often result in a jump from one place in the microprogram
to another.

® 12 lines are used to provide the immediate address required in con-
junction with some of the jump instructions.

® 5 lines are used to select the source and polarity of the test signal which
is used by the conditional instructions

© 20 lines are connected to the two microprocessor slices. These lines
include instructions concerning operation of the arithmetic logic
units (ALU) in the slices.

® 3§ lines are directly connected to the internal D-bus. These lines carry
~ immediate data.

« @ 15 lines (a 16th line is included in the 20 lines to the processor above)
are carrying control information. This includes:

— six directly usable control signals such as read/write and enable
signals for the line buffer and the communication memory, change
signal for line buffer access, and a direct Service in signal to the
channel

— three groups of three signals, each group connected to a one-of-
eight decoder. The decoded output signals from the first group
determine the source of data to be applied to the D-bus. Decoded
signals from the second group determine the destination of the
data on the Y-bus. The third group provides various other control
signals.

Processor architecture

For maximum speed, the CCC processor uses a so called one-level pipeline
based architecture. This means that the microprogram memory and the
microprocessor slices are in parallel speed paths.

( At any time during microprogram execution, three microinstructions
must be considered: the current one at address A, the previous one at
address A—1, and the next one at address A+1. Each system clock pulse:

® [ .oads the result, S(A—1), of the previous microinstruction into the
status register

® Loads the current microinstruction, I(A) into the pipeline register.

Depending on the microprogram controller instruction (4 bits) included

in I(A), the address A +1 of the next microinstruction will be generated.

It can be:

® The immediate address included in the current microinstruction

® An address provided by the microprogram controller as the result of
previous activities (e.g. from an internal stack or microprogram
counter).

E90002332E
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The address generation is depending on the microprogram controller
instruction, on five other bits of the current microcinstruction selecting
test condition, and on test results from various CCC circuits, including
S(A—1), stored in the status register. Four of the 16 microprogram
controller instructions are unconditional, i.e. independent of test
conditions.

During the time after one clock pulse and before the next one, the
following sequential events occur:

® I(A) becomes available at the pipeline register output. Thus a new
instruction is immediately applied to the microprogram controller.
At the same time, a test select code is applied to the test condition
selector.

® After a delay, the test input selected is applied to the microprogram
controller.

@ The microprogram controller processes the instruction and test result,
and generates an address A+1 which is applied to the microprogram
memory.

® After the PROM access time, a new microinstruction is available at
the memory output, and applied to the pipeline register input.

Memory Map

Fig. 34 presents the memory map of CPL 4102. (Do not mix up with the
microprogram memory for the CCC processor on the CCC 1 board.)

Communication to/from the host computer takes place via a line buffer on
the CCC2. This line buffer occupies 8k bytes. Note that the corresponding
area in the basic memory (RWM) on the CPB must be blocked by strapping
on the CPB.

Information for communication control, such as status for the connected
devices, is stored in a special communication memory on the CCC 1.
This storage occupies 256 bytes.
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HEX
ADDR
NTERRUPT VECTORS
FFFF RESET FFFE, F
1PL ROM "
F 800 Non maskdble interrupt ()]
F 700 :
F £00 Software interrupt ‘ A B
F 500 Default interrupt 8, 9%
N 3
Fooo b ___ __ | 7 Periph. RO Hipri ADLC ChO 67
6 ¢  ADLC Ch1 45
15 »  ADLC Ch2 2,3
1o 14 v ADLC Ch3 FrEo,1 |
0 Addresses i3 ¥ ccc FFEE, F
Eoo [ 1 C.0
11+ PM AB
10 1 05 FFES, 9
Battery 4
Line RWM
buffer
(ccc2) . onMRO} vol o FIFF
=3 2
Communication 5O
memory a—| F7E0
Co00 (cce 1)
I ; 2 2 F700
frest | PTM FIC8-F
bl
(v qﬁ <‘|> = PIA F7C0 FIC4-7
| I
8000 Max
RWM
on CPB
32k
o
6000 L =
} 5
24k
4] PIA F740 F740-3(4-7)
ADLC Ch3 B GED :
ADLC Ch2 F730 .
ADLC Ch1 F728 F128-B(C-F)
4000 o ] S ADLC ChO F720 F720-3(4-7)
{ ey R
i DMAC
16k
F700 F700-16
(=3
a2
wuv s
( - ADLC = Advanced data link controlier
. CPB = Communication processor board
2000 p CS = Crosspoint selection
DMAC = Direct memory access controller
8k MCP = Microprocessor control panel
Mic = Microcomputer, central part
MRO = Memory board, read only memory
MRW = Memory board, read/write memory
CCC = Channel communication controller
PIA = Peripheral interface adapter
PTM = Programmable timer module
0000 TWI = Two-wire interface
* MPU reading FFF8 — 9 will make contents of two of the cells FFE8 — F9, depending on highest
priority valid interrupt, transferred into the MPU.
** Aread or, preferably, write operation into one of the cells FFE8 — FFF7 will resultin a setting of
a corresponding mask value. As an example, FFEE or FFEF from MPU will disable interrupts
of priority < 3.
**¥% Not present during one of the three DMA cycles DMA T1-T3.

Fig. 34. CPL memory map
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Detailed Description

Detailed information on the microprocessor slice (2901A) and the micro-
program controller (2910) can also be found in National Semiconductor:
IDM 2900 family microprocessor data book or Advanced Micro Devices:
Bipolar microprocessor logic and interface data book.

Microprocessor Slice

General

The four-bit bipolar microprocessor slice for high-speed operations can
be cascaded to any desired word length. In the CCC application, two
slices are put together to form a word length of eight bits.

The microprocessor slice (Fig. 35) consists of:

A 16-word 4-bit two-port RAM
@ A high-speed ALU
® A Q register

Circuits for shifting, decoding and multiplexing.

The 9-bit microinstruction word is organized into three groups of three
bits each. The groups select ALU source operands, ALU function, and
ALU destination register. Three flag outputs are used: Zero, Carry and
Sign.

The three key elements in the block diagram are the 16-word RAM, the
Q register and the ALU.

Random Access Memory (RAM)

Data in any of the 16 words of the RAM can be read from the A port of
the RAM as controlled by the 4-bit A address field input.

If the same address is applied to the B address field, the same data will
be available at the B port. Different addresses at A and B address inputs
will yield different data at the two output ports, i.e. simultaneous access
to two RAM words.

When new data is to be written into the RAM, the B address input must
be used. The RAM data input is driven by a 3-input multiplexer. This
configuration is used to shift the ALU output data (F) if desired. the RAM
input data always comes from the ALU.

The RAM has two shift inputs/outputs which are intended for cascaded
operation.

A summary of the use of the RAM addresses can be found in Appendix 2.
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Instruction (8 bits)

Instruction

| decoder

Selector control

Clock
A ‘ ¢ .
read |:> A B DATA IN b
address RAM v a
16 adressable .
B registers Q register
read/ Q
write
address
Direct
data in
D A B Q
ALU data
source selector
e Carry
Carry in—] [ 8-function ALU b Sign
& Zero

Output data selector

Three-state data out

Fig. 35. Microprocessor slice

Q register

The Q register is a separate 4-bit register intended for arithmetic operations
and for use as an accumulator or holding register. Its input field is driven
by a 3-input multiplexer, which allows direct up/down shift operations.

For cascaded operation, the Q register has two shift inputs/outputs
simular to those of the RAM.
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Arithmetic Logic Unit (ALU)

The ALU has two input fields: R and S. The data sources for the R and S
fields are determined by instruction bits 12 — 10 (ALU source). The
following table shows the combinations available:

Micro code ALU source
operands
. Octal
Mnemonic 12 11 i0 Code R S
AQ L L L 0 A Q
AB L L H 1 A B
ZQ L H L 2 z Q
ZB L H H 3 Z B
ZA H L L 4 Z A
DA H L H 5 D A
DQ H H L 6 D Q
Dz H H H 7 D 0
A = RAM A-port D = Direct data input
B = RAM B-port Z = 0 (fixed logic zero)
Q = Q register

The ALU function, i.e. the operation performed on the operands applied
to R and S inputs, is determined by instruction bits I5—13 (ALU Function).

% The following table shows the eight functions (three binary arithmetic
and five logic functions):

Micro code ALU
4 . Octal .
: Mnemonic i5 14 i3 Code Function | Symbol
B Add L L L 0 RPlusS R+S
? Subr L L H 1 SMinusR | S—R
Subs L H L 2 RMinusS | R-S
Or L H H 3 RorS RvS
And H L L 4 RandS RAS
Notrs H L H 5 RandS RAS
Exor H H L 6 Rex-orS Rv«S
Exnor H H H 7 Rex-norS | RS }
v = Boolean inclusive or A = Boolean and g
» = Boolean exclusive or R = Complement of R
The ALU data output (F) can be routed to several destinations. Eight i )
combinations are possible, as defined by instruction bits I8 — 16: 2
Micro code RAM function Q-REG function |Y output
Mnemonic | 18 | 17 | 16 |2 ghit | Load | Shift | Load
code
Qreg L L L 0 X None None F-»Q F
Nop L L H 1 X None X None F
RAMA L H L 2 None F—B X None A
RAMF L H H 3 None F—B X None F
RAMQD H L L 4 Down | F2—B | Down [0/2—Q F
RAMD H L H 5 Down | F2—B X None F
RAMQU H H L 6 Up 2F—B Up 20—-0 F
RAMU H H H 7 Up 2F—-B X None F

X = Don'tcare. Electrically, the shift pin isa TTL input internally connected to a three-state
output which is in the high-impedance state.

I

I

B
Up is towards MSB, Down is toward LSB.

Register addressed by B inputs.
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For example, Qreg results in two things:

® The ALU output (F) is loaded into the Q register on the next high-to-
low clock transition.

® The ALU output (F) is available on the three-state data output port (Y).
RAMOQD results in several events:

® The ALU output (F), shifted one step down (= F/2), is loaded into
the RAM position addressed by the B address field on the next clock
pulse.

® The Q register output (Q), shifted one step down (= Q/2), is loaded
into the Q register on the next clock pulse.

® The ALU output (F) is available on the three-state data output port (Y).

It should be noted that carry in modifies the arithmetic functions but not
the logic functions.

Three status flags from the ALU are used in the CCC application: Carry,
Sign, and Zero. The Sign flag is the most significant ALU output (bit
F3), which can be used to determine positive or negative results without
enabling the three-state output.

Cascaded operation

In CCC two microprocessor slices operate in cascade. The result is that
8-bit data words can be processed. Fig. 36 shows how the slices are cascaded.
Clock, address, and instructions are applied in parallel, whereas Carry,
RAM-shift, and Q-shift terminals are connected in series. The 4-bit data
in/out fields are taken together to form 8-bit data fields.

A
RAM
addres{ B I I l l

Instructions

(D-bus)

D0-D3
Data in

Clock _
V4 A4 N 7
Clock 1018 A1-A4 B1-B4
To shift | Clock 1018 A1-A4 B1-B4 < Qo a3 To shift
selector Qo a3
selector
1 RAMO RAM 3 RAMO RAM3—
status
Carry in  ———1C, C,+4 Ch Ch+4 pb—=Carry
Microprocessor slice Microprocessor slice £ &Sign
F=0 —'l : F=0
|
Y0-Y3 D4-D7 Yavz & 27810

-—————————>Data out
{Y-bus)

Fig. 36. Cascaded microprocessor slices
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The RAM and Q-register shift circuit is shown in Fig. 37. The shift selectors
connected to the outer ends of the array determine the type of shift
operation to occur. Depending on the SO — S1 shift function code in
conjunction with instruction bit 17 a zero, a one, or an overflowing bit
from the RAM or Q-register is entered into the “empty” bit position.

Fig. 38

Communication Processor, Local

describes the shift possibilities available.

ERICSSON 2

Zero
 One
| Rotate
! Arithmeti
oo _1_'_‘__"13‘2___________ﬂI
| . |
| Shiftup Shift down ;
|
I $ |
0 ofe—3T Qo 03 Q4 a7 STo—e—=00
10 I ] 1 °1
0 | \ { | Oy
go | . . i [ - S—
| | IMicroprocessof icroprocessor] 1 '
: ! slice slice : |
|
P o —
[1) g"""_o o= RAMO RAM3 RAM4 RAM7 °—’-L'°0
. o
— F3 01_‘
44 vy |\ < I A b
Fig. 37.  Shift selectors
17 S1 SO
Initial
Zero up 1 0 0
One up 1 0 1
Rotate up 1 1 0
Arithmetic up [0 |esjuisiom ]~ o[ e -~ 1 1 1
Zerodown i | | <l o | 0 0 o0
One down 0o 0 1
Rotate down , Esieeimssimsen o], pofpsppdpoionol@d, o0 1 0
P —— e it - | et d
Arithmetic down ©jEE e s swong e 0 1 1
Note: If 16 is high level, Q-register is not shifted.

Fig. 38.

Shift instructions
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Microprogram controller

General

The microprogram controller is an address sequencer intended for
controlling the sequence of execution of microinstructions stored in a
microprogram memory. It provides for sequential access and conditional
branching. The microprogram controller generates a 12-bit address.

Branch address/
Instruction Loop number Clock

(4BITS) l (12 BITS)

Register/Counter

R=0
Stack pointer
A4
cC
- Instruction
E—C—E—- Decoder

N l}
R

F uPC

/|
oK

Lo R .
Multiplexer »| Microprogram
: counter

Incrementer [ o]

U

Y (12 BITS)
Three-state output

Fig. 39. Microprogram controller

The microprogram controller (Fig. 39) contains an instruction decoder,
and a multiplexer which selects the output address from one of the
following four sources:

E90002332E
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Directly from the branch address field of the pipeline register (see
CCC processor)

® Register/Counter
@ Five-level stack

® Microprogram counter

The operation is governed by 16 instructions, most of which are conditional
with regard to external test conditions, state of register/counter (zero or
not) or both.

When carry in (CI) to the incrementer is high, the next clock puls loads
the current output address plus one into the microprogram counter.
When CI 15 low, the output address is loaded unaltered into the counter.

The microprogram counter is the source for sequential stepping in the
microprogram. It also provides return addresses to be pushed into the 5-
word stack. The stack is controlled by a stack pointer which always points
to the last word written.

The register/counter is intended for loop counting. A preloaded loop
number is decremented down to zero, which is used as a microinstruction
test criterion.

The CC and CCEN inputs are used for testing of external conditions.
See section Test condition logic.

Microprogram controller instructions

The following table provides a summary of the 16 instructions available.
Note that actual push/pop operations in the stack, and loading/decrementing
of the register counter occur on the next low-to-high clock transition
following the current instruction.

Microprogram controller instructions

I3-10 Mnemonic Name and description

0 JZ Jump zero
Jump to address zero. The stack is cleared.

1 CJS Cond jsb pl
Jump to subroutine at the address provided by
the pipeline register, if the test condition is true.
A return address is pushed into the stack. If
the test condition is false; the next address is
supplied by the microprogram counter.

2 JMAP Notused.

3 cJp Cond jump pl
Jump to the address provided by the pipeline
register, if the test condition is true. If the test
condition is false; the next address is supplied
by the microprogram counter.
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Push/Cond id cntr

Push the next address into the stack. If the test
condition is true; load the number from the
pipeline register into the register/counter.
Then the next instruction.

Cond jsbr/pl

If the test condition is true; jump to subroutine
at the address provided by the pipeline register.
If false; jump to subroutine at address provided

“by the register/counter. In both cases, the return

address is pushed into the stack.

Cond jump vector

If the test condition is true; jump to the address
provided by the pipeline register (8 most signi-
ficant bits) and the D-bus (4 least significant
bits). If false; the next address is supplied by
the microprogram counter.

Cond jump r/pl

If the test condition is true; jump to the address
provided by the pipeline register. If false; jump
to the address provided by the register/counter.

Repeatloop, cntr=0

If the register/counter contains non-zero value;
go to the address provided by the stack, and
decrement the register/counter. If zero; go to
the next address, supplied by the microprogram
counter, and pop the stack.

Repeat pl, cntr=0

If the register/counter contains non-zero value;
go to the address provided by the pipeline
register, and decrement the register/counter.
If zero; go to the next address, supplied by the
microprogram counter.

Condrtn

If the test condition is true; jump back to the
return address, supplied by the stack, and pop
the stack. If false; go to the next address,
supplied by the microprogram counter.

Cond jump pl & pop

If the test condition is true; jump to the address
provided by the pipeline register, and pop the
stack. If false; the next address is supplied by
the microprogram counter.

Ld cntr & continue
Load the contents of the pipeline register into
the register/counter. Then the next instruction.
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D LOOP
E CONT
F TWB

Testend loop

If the test condition is true; go to the address
provided by the microprogram counter, and
pop the stack. If false; go to the address provided
by the stack.

Continue
Continue to the next address, provided by the

microprogram counter.

Three-way branch

If the test condition is true; go to the next address
provided by the microprogram counter, and
pop the stack. If false, and the register/counter
contains a non-zero value; go to the address
provided by the stack. If false, and the register/
counter contains zero; go to the address provided
by the pipeline register, and pop the stack.

Test condition logic

The microprogram controller uses two test condition mputs, CC and
CCEN for conditional branching. Five bits in the microinstruction,
Cond 3-0 and Condpol, determine the parameter to be tested, and the
signal polarity desired for a pass decision. Fig. 40 describes the function
of the test condition logic.

Zero

- ©

L

Sign

=m0
Carry
iRQ
IRQCP
Not used
SEL
SRVaSEL
PCERR
SRV+SUP
SYNC
DIR

S wN

Time-out strap
CHAIN
oV

L]

-nmcow><om\ta>u1

Cond (hex)

Truth table

Test Condpol CC CCEN Test result

H Pass
L Fail
L Fail
L

L L
L H
H L
H H Pass

Test

A p—

Microprogram controller

¥ p— CCEN

[ Qp—

§r —
3

Condpol

Qo
O ——

Fig. 40. Test condition logic
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The various test signals are described in the following table:

Cond Signal Description
3-0
0 Zero The ALU outputs contain all zeros.
1 Sign The most significant ALU bitis 1.
2 Full The microprogram controller stack is full.
3 Carry Carry out from the ALU.
4 IRQ IRQ from the CPB
or SEL from the channel
or DIS from the front panel Enable/Disable
switch.
5 IRQCP IRQ from the CPB.
6 Notused
7 SEL Selected from the channel.
8 SRV + SEL Service out or Select out from the channel.
9 PCERR The parity check has detected an error.

A SRV & SUP Service out and Suppréss out from the channel.
B SYNC Special pulse related to the system clock (see
Clock pulse circuits).

C DIR Direction signal which determines if the CCC
or the CPB has access to the line buffer (High
g level means that the CCC has access).
D Time-outstrap Normally +5V
E CHAIN The channel has ordered command chaining.
F ov Used for unconditional branching.
Clock Pulse Circuits

The control pulses required for the CCC operation are derived from the
CPB system clock Per @2. Since the CCC memories (line buffer and
communication memory) can be accessed from the CPB as well as from
the CCC, clock and control signals must be synchronized.

The clock pulse circuits on the CCC 1 are based on a phase-locked loop.
Per (2 (approximately 1 MHz) is used as a reference frequency. A
voltage controlled oscillator operates at a frequency that is eight times
higher then Per 2. This 8 MHz clock signal (2Cl) is divided in three
flip-flops down to the Per &2 frequency, and applied to the phase detector
for comparison.

E90002332E
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The flip-flops along with additional circuitry generate a few other clock
signals. Fig. 41 shows the relationship between these signals.

1 ]
| !

| |
, |
as  _J L I~
! |
svne. _J ) S
| ]
. I |
L Controls multi-
VX | ] CCC | CPB | L plexing of com-
| i munication me-
i I mory
mek [ 1 1 [~
: |
|
Per {)2—} I"—"'———l_ CPB system clock
|

Fig. 41. Clock signals

Microprogram Memory

The microprogram memory consists of 16 1k X 8-bit bipolar PROM
chips. It is possible to connect an external memory to replace the internal
memory, via connectors P6 and P7 on CCC 1. The internal PROM is
automatically disconnected, since a PROM enable input is tied to ground
when the external PROM is connected.

The 64-bit instructions obtained from the microprogram memory are
loaded into the pipeline register by the CCC system clock Cl. A register,
latching the 4-bit instruction to the microprogram controller, can be
reset separately. The reset signal comes from the channel interface logic
(CCC 2), as the result of reset or system reset. A three-state register
connected to the D-bus latches the immediate data byte. A summary of
the microinstruction interpretation is found in Appendix 1.

Line Buffer

Line buffer design

The line buffer is an 8k bytes read/write memory using 16 1k X 4-bit static
RAM chips. Its purpose is to provide intermediate storage of data to
and from the channel. The line buffer can be accessed by the CPB as well as
by the CCC. Fig. 42 shows the basic configuration.

The access is controlled by the signal DIR, which determines the selection
of address, enable, and write enable source: CCC or CPB.

When the CCC has control, the line store is addressed by the address
counter. A read or write sequence starts with a clear (CLR) signal to the
counter. CLR is decoded from the current microinstruction. Then, for
each byte read or written, the microprogram generates increment (INC)
pulses to the address counter.
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Coarse A8-A1E
address . = R E
decoder
Line buffer
enable
CcCcC 1
Cccc 2
Address
INC~—1 counter
A0—-A12
Per @2 _E_’
1 e - R/W CP
VXE = CHANGE DIR :
0
FF: Direction

Line buffer
8Kk x 8 bits
RWM

DIN

Bus in Reg

R/W

DO-D7 DO-D7
Bus out Reg. { E ‘)
Data Address
CPB

Srvout WRITE ED

Fig. 42. Line buffer

In CCC mode, the enable signals E and WE are obtained from the current
microinstruction. E is basically the logic OR of the READ and WRITE
bits.

The write enable signal WE is derived from WRITE, but the timing is
adjusted to provide some margin with respect to clock transitions. This
allows data to settle prior to write. The timing of WE is shown in Fig. 43.

Fig. 43. WE timing
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Data to the channel is routed to Bus in via the Y-bus. R from the micro-
instruction controls the three-state buffer to the Y-bus. DIN (Data in),
decoded from the microinstruction, clocks the data into the Bus in latch.

Data from the channel is clocked from Bus out into a latch by Srv out
(atagoutsignal). Write from the microinstruction enables the data from
the latch to be applied to the data I/O ports of the line buffer.

When control of the line store is to be turned over to the CPB, the
CHANGE bit in the microinstruction goes low. This allows the direction
flip-flop to change state on the next CPB clock pulse.

In CPB mode, the line buffer occupies part of the system memory map
(Fig. 34). The buffer is addressed by the CPB address bus, bits A0-A12.
The enable signal is generated in the coarse address decoder. Here it is
determined that the current address is in the line buffer.

A signal R/W (strobed by COL) (both from the CPB bus) is used as the
write enable (WE) signal in CPB mode.

Data to/from the CPB data bus is routed via a bidirectional buffer
controlled by R/W from the CPB. The buffer is enabled if the address is
in the correct range, and the line buffer is in CPB mode.

Line buffer handling

The line buffer is normally set in direction CCC. When the CPB accesses
the memory (transfer of data to/from a device) the line buffer functions
as an ordinary RWM memory to the CPB. '

Before the CCC can transfer data from the line buffer to the channel, the
line buffer must be set in direction CCC (tested on the DIR signal) and
the address counter must be reset. In the first instruction, data from the
memory is transferred to the Bus in of the channel via a three state buffer
(enabled by R from the microinstruction) and a register (clocked by
DIN from the microinstruction).

In the next sequential instruction the signal Srv in to the channel is raised
and the address counter is incremented (INC from microprogram). Srv
in is raised directly by a signal Srv in from the pipeline register.

The counters of data length (Counth and Countl) in the microprocessor
RAM registers is then decremented and tested for carry. (No carry if all
data is sent).

Then the condition Sel out or Sup out raised is tested as a sign that the
channel has received the data byte. The signals Sel out or Sup out in
tags out are ored by hardware and fed to the test condition selector.

When the test condition is passed, Srv in (from the pipeline register)
is immediately dropped and a new data byte from the line buffer is trans-
ferred to the Bus in of the channel.

This means that the minimum time for sending a data byte is equal to
four microinstructions (clock periods), which is equal to a maximum
transmission rate of 1 Mbyte/s.
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Communication Memory

Communication memory design

The communication memory is a 256 bytes read/write memory using two
256 x 4-bit static RAM chips. Its purpose is to store system and device
status, and other data governing the communication process. It can be
accessed by the CPB as well as by the CCC. Fig. 44 shows the basic
configuration.

VX VX

Y0-Y7 ) é : AO—A7
Reg. | 1 q
) MAO—A7
STAA .

Communication
memory
256 x 8 bits
RWM

VX - RW VX-R/WCP

) D0-D7
YOo-Y7 . WE |E D0-D7
Reg. { ] __|Reg.

’ D0-D7 DO-D7_,
N g mek | [ U > ]
Staread l—- L vX RAWCP

Communication
memory enable

ES i ;
. Coarse
address

decoder .

AB—-A15

RMW RWcp

CCC bus Data Address

CPB bus

Fig. 44. Communication memory

Access to the memory is controlled by the signal VX. As can be seen in
Fig. 41, VXis a clock signal with the same frequency as the CPB system
clock Per 2. The CCC has access to the communication memory during
the first half-cycle of VX, the CPB during the second half-cycle. This
means that the CCC has only access during two of four CCC instruction
cycles whereas the CPB has access during all CPB instruction cycles.

When the CCC has control, the address is taken from the Y-bus via a buffer
register. The signal STAA (decoded from the microinstruction) loads
the address into the register. VX enables the three-state output.

The enable signals E and WE are taken via a selector controlled by VX.
In CCC mode, the E signal is derived from ES which is one bit in the
microinstruction. Similarly, the WE signal is derived from the R/W bit
in the microinstruction. For correct timing this signal is gated with
MCK, to provide some margin for settling times. MCK is a special clock
signal. See Fig. 41.
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In CCC read mode the signal Staread, decoded from the microinstruction,
enables the output buffer to the D-bus.

In CCC write mode the Y-bus data is loaded into a register which is enabled
by VX and R/W (from the microinstruction).

In CPB mode, the communication memory occupies part of the system
memory map (Fig. 34). The memory is addressed by the CPB address
bus, bit AO— A7. The enable signal E is generated in the coarse address
decoder. Here it is determined that the current address is in the commu-
nication memory.

Write enable WE in CPB mode is derived from CPB R/W gated with
MCK.

Communication memory handling

Since the communication memory (see Figs 31 and 44) is shared in time
multiplex between the CCC and the CPB, the CCC must check if the
memory can be acceessed. This is done by testing the SYNC ssignal in the
test condition selector. The SYNC signal is generated by the clock pulse
regenerator and indicates to the program that the CCC has access to the
communication memory for two clock periods.

The microinstruction which tests SYNC is then repeated until SYNC
becomes valid. The same instruction also clocks the memory address to
aregister between the Y-bus and the address lines of the communication
memory by means of the control signal STAA. The address to the
communication memory is often fetched from the microinstruction in
the pipeline register (immediate data) and fed via the D-bus, through
the processor to the Y-bus.

Then when SYNC becomes valid the microprogram controller outputs
the address of the next microinstruction.

If a read sequence is executed, the three-state buffer of the communication
memory, is enabled (by Staread decoded from the pipeline register) for
two sequential microinstructions (set up time for the memory). Data is
then fetched via the D-bus in the last of these two microinstructions.
Data can either be stored in any register of the processor, or just pass
through the processor simultaneously as the flags are affected (Zero,
Carry etc). -

The CPB can access the communication memory at any time, since the
CCC clock frequency is four times higher than the CPB clock frequency,
and the CPB only uses the two free CCC clock periods for access.

Channel Interface Logic

Select

The Select out/in signals from the channel, in contrast to all other bus/
tag lines, are not connected directly to the line receiver on the CCC.
Instead, they are connected via a priority switch to two relays. See Fig 45.
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<s——— Channel Termination ————
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| |
v } Sel out (CCC 2)
i = Selin (CCC 2)
Sel out
— oV

Both relays are energized when

CPL is in enabled state. clB

Fig. 45. Select circuits

When the CPL is switched off or in disabled state, both relays are off.
This means that a Select out from the channel (or a Select in from the
termination side, if low priority) is automatically propagated. In the
enabled state, both relays are energized. This means that the select signal
can be sent to the line receiver on the CCC. If the selection attempt proves
unsuccessful, the CCC generates a Select in signal which is propagated
”down the line” to the next control unit.

Select logic

The purpose of the select logic is to respond quickly to a selection attempt
from the channel See Fig. 31. The circuits generate a SEL signal if the
attempt is successful. Unsuccessful attempts result in a propagated select
signal, sent out from the line driver.

Select out, Hold out and Address out together form the condition for a
selection attempt. The address decoder determines if the address on
Bus out is within the valid address range. This range is determined by
the CPL system software which (in advance) has loaded a control unit
address and a mask value into the two registers connected to the address
decoder. The mask value depends on how many devices the cluster contains,
and is used to determine the number of address bits (on Bus out) to be
decoded. For example: For 16 devices the mask value is F0;6) and bits
7 — 4 are decoded.

The Select out and Hold out signals gated together are applied to a gate/
flip-flop network where possible glitches are suppressed. Valid address
and Select/Hold out together form the signal SEL. This signal is sensed
by the microprogram via the test condition selector and indicates that
the selection sequence can proceed.
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Another situation when Select out occurs is as a response to Request in. The
microprogram can generate two types of Request in signals; suppressible
and non-suppressible. These signals are labelled Req 2 and Req 1,
respectively. Request in to the channel is an or function of Req 1 and
Req S (= Req 2 gated with Suppress out). The same or function also
provides a condition for the signal SEL. In order to block cases, when
the channel raises Select out when addressing another unit (i.e. not as
a response to Request in), the signal Address out is used to block the
generation of SEL in such cases. :

A signal CHAIN (to the test condition selector) is generated if Suppress
out is up when Service out goes up as a response to status Channel end or
Device end. Chaining stops as soon as Suppress out drops for minimum
250 ns.

Decoding of Tags in

To make the decoding of tags and commands as fast as possible, a special
microprogram table is used. The microprogram instruction sends the
start address of the table (A4 — A11) to the microprogram controller,
(see Fig. 46) but also activates the VECT signal. The VECT signal switches
over the address selector to the microprogram controller, so that the
four lowest address bits to the microprogram controller are selected
from the D-bus, bit 0 - 3. The same instruction also enables the tag out
register by the TAG O signal, which is decoded from the pipeline register.
The important tag out signals then become available on the D-bus.

This means that the start address of the 16 byte wide decode table (see
below) is pointed at by the microprogram instruction, and one of the 16
instructions is pointed at directly by the additional four tag out bits. The
microinstructions in the table can either order a jump to a certain instruction
or return to the decode table again.

Tag decode table
Tags out (D0-D3)
Address ——— T Goto Srvstareq 0000
pointed out Return 0001
by the micro- Go to Tagdecode 0010
program address |
(bits A4-A11) :
|
|
|
Addresses < :
pointed out |
by the tag :
out signals |
via D-bus |
(bits D0O-D3) !
1101
1110
1111
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Test
condition
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IRQ

Ad-—-AT11

Microprogram

controller
Test P4, P5

Microprogram
memory (PROM)
2K x 64 bits

A0--A10

"

Pipeline register
64 bits

T4 712 5 |20 " 15
A Control
%

NN
-

Z - 74 DO
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7777777007777,
oD

Test condition selector
Carry, Zero, Sign

: Status [
register [

DO-D7

2
Microprocessor
slices

CCC1 B

YO-Y7

D-bus
8 bits

ccc2 C

Test condition

selector Low adr.
g | Reg.l(

High adr YO-Y7
1 Reg. I(
YO-Y7
Address
decoder
TAGO
YO-Y5

Test condition selector

Test P4

Fig. 46. Decoding of Tags in
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Reset Logic

Several types of reset signals are generated:

® Power-on reset

® Reset button reset
@ System reset

® Selective reset

The three first reset types are taken together, forming the general reset
signal which makes the program jump to address zero.

Power-on reset is generated by a timer circuit.

The Reset button is connected to CPB. It generates the NMI signal
which is actually manual reset.

System reset is caused by the channel dropping Operational out. If
Suppress out is low this leads to a general reset of all units connected.

If Operational out drops with Suppress out high, the channel has generated
a Selective reset. This reset, which is sensed by the program, is only
causing reset in the unit which has Operational in high.

When a reset has caused the program to jump to address zero, the program
route from there on depends on the type of reset. Therefore, a latch c1rcu1t
stores this information so that the program can test it.

o
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Appendix 1

Microinstructions

General

The microinstructions, which control the CCC unit, are presented as 64-
bit words from the pipeline register. In the program list, each micro-
instruction is presented as a 16 character string. Each character represents
the hexadecimal code of four microinstruction bits. To make it easy to
understand the function of the microinstruction, a microinstruction can

‘g be divided into the following three sections:
MSB LSB
~ E150F8E7FFFFFFT7T7F

Control signals

Processor functions
and data

Microprogram jumps

Microprogram jumps

The 21 most significant bits in the microinstruction are used to control
the microprogram controller and the test condition selector.

MSB
‘ E150F8------
\“—wit
4 bits
12 bits
4 bits

Used to select test condition polarity.
For example: 0 = if zero 1 = if not
Zero.

Used to select test condition.
For example: 0 = Zero, 3 = Carry
F = unconditional.

Used either to point out the address
to the next microinstruction or to
load the register/counter of the
microprogram controller.

Used as an instruction to the micro-
program controller. For example:

E = address next sequential instruc-
tion in the PROM.

See also section entitled Microprogram controller.

E90002332E
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Processor Function and Data

The following 27 bits are used to control the processor and to put immediate
data on the D-bus from the microinstruction PROM.

-8E7FFFF-- -

——8bits  Used to address the RAM (A and
B address) of the processor.

8 bits Immediate data to the D-bus from
the microinstruction.

2bits  S1, S2 used to control the shift selector
of the processor.

3 bits AL U source control
3 bits ALU function control
3 bits ALU destination control

See also section entitled Microprocessor slice.

Control Signals

The least significant bits in the microinstruction are used as control signals
such as R/W, register latch, etc.

LSB
- --FFFF
16bits  Used as control signals
Bit Hex Signal Function
0 CHANGE Changes the access direction of the
line buffer memory by affecting the
direction flip-flop.
1 ‘Srv in Service in to the channel
2 Es Enable to the communication
memory
3 R/W Read/Write to the communication
memory

These microinstruction bits are decoded in a three-to-cight
decoder, giving the following result:

QN U

0 INC Increments the address counter of
the line buffer memory
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11
12

13
14
15
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CLR
IRQCCC
RPC

LDC

Disable

Enable

Co

R
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Clears the address counter
Interrupt request to CPB
Resets the parity check flip-flop

Loads the carry flip-flop in the status
register

Sets the enable/disable flip-flop in
state disable

Sets the enable/disable flip-flop in
state enable

Notused
Carry in to the processor
Write to the line buffer memory

Read to the line buffer memory

Decoded in a three-to-eight decoder

DIN

TAGI

STAA

MASK

ADR

IND

LDZ

Loads data in register to the channel
Loads tag in register to the channel

Loads the communication memory
address register from the Y-bus

Loads the mask register from the
Y-bus

Loads the address (CPL- and device
address) into the address register
from the Y-bus

Loadsregister for the indicators on
the front panel from the Y-bus

Loads the zero and sign flip-flops
in the status register

Notused

Decoded in a three-to-eight decoder

Resets the interrupt flip-flop

Not used
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DATAO

TAGO

Staread

CONDS

ERICSSON 2

Notused

Enables data out from the channel
to the D-bus

Enables tags out to the D-bus

Enables immediate data from the
pipeline register

Enables the buffer for data transfer
from the communication memory
to the D-bus

Clocks the condition register (DIS,
TEST and SYSTEMRESET)
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The 16 word RAM of the microprocessor contains the following registers.

Name

Working registers

High

Low byte count

Device address scanner
Mask for local device number
‘Device address register
Status register
Senseregister

Program status register
Tagsincopy register
Channel command register

Addr | Mnemonic
0 wi1
1 w2
2 W3
3 w4
4 Counth
5 Countl
6 Notused
7 Notused
7
L 8 Scan
9 Mskreg
A Adrreg
B Stareg
C Senreg
D Pgmsta
E Ticopy
F | Cmdreg
W1 to W4
Counth/Countl
Scan
(
Maskreg
Adrreg
- Stareg
Senreg

ES0002332E

Working registers

Counts the number of sent or received data bytes to

or from the channel

Address counter for scanning the device status

table (00-1F)

Contains the highest device address.

Contains the lowest device address.

Register for storing the status of the device, before

sending to the channel.

Register for storing the sense byte of the device.
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Pgmsta Program status register
MSB LSB Hex
LITTTTTT]

01 Timeout CP timeout

—02 Eos End of selection

04 Chain Chaining

08 Selres Selective reset

10 Intdisc Interface disconnect

20 Intbusy Interface busy

40 Cubusy Control unit busy

80 Stareq Status request
Combinations: AQ Stareq/Intbusy

98 Stareq/Intdisc/Selres
88 Stareq/Selres

18 Intdisc/Selres

19 Intdisc/Selres/Timeout
60 Cubusy/Intbusy

Ticopy Copy of tagsin register, used when changing bits
without intervention with other bits in tags in.

MSB LSB Hex
L T T [T]

01 Reqis Request in, supressible

—02 Reqi Requestin

08 Stai Statusin

10 Adri Adressin

20 Opli Operational in
Combinations: 30 Adri/Opli

28 Opli/Stai
18  Adri/Stai
13 Adri/Reqis
03 Reqi/Reqis

Cmdreg Commands to or from the channel are temporarily
stored in this register.

o
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Communication Memory Allocations

General

The communication memory, multiplex shared between the CCC and

the CPB, contains the following areas:

CCCadr CPB adr

FF D5FF
Notused

80 -

76 -
CCCcom

69 N
CPBcom \\\\\

60 A
Device AN
typtable N

40 \\\
Device \
sensetable

20
Device
statustable

00 F500

E90002332E
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CCC communication

Erraddrl
Erraddrh
Errdata
Errcode

Ident

Sense
Bytes

Wrlengthl
Wrlengthh

IBMcmd
CCCcmd
Todev

CPB communication

Indic
Not used

CPLadrl
CPLadrh

Rdlengthl
Rdlengthh

CPBsense
CPB status
CPBcmd
Fromdev
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CPBcmd, Command to CPB

jan)

CPB ready to accept a new interrupt

request

DolIBMcmd

Enable

Disable

Syre

Endofsel

Pureq ¥
Noop =i
Selecreset

Test

Test ok

Testerr 3

TaOmPpodaun b m

CCCemd, Orders from CPB (Command to CCC)

Go

Sendsta

Release

Getlinebuff ‘ : j
Syreorder -
Dotestl
Dotest2
Dotest3
Dotest4
Dotest5

HOTOE NS W -

Device type word

MSB LSB Hex
L. T

—

00 DU Display unit
01 PU Printer unit
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Device sense word

MSB LSB Hex

[ |
Lo
)
04
08
10
20
40
80

fﬁ Device status word

( Combinations: 94

E90002332E

OoC Operation check

CC Control check
US Unit specify

DC Data check

EC Equipment check
BOC Bus-out check
IR Intervention required
CR Command reject
UE Unit exception
ucC Unit check

DE . Deviceend

CE Channel end
BU Busy

CUE Control unit end
SM Status modifier
AT Attention
AT/DE/BU

AT/DE

SM/BU

CE/DE

CE/DE/UC

DE/UE

UC/UE

67
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Appendix 4

Microprogram Function

General

This appendix will explain the function of the CCC by presenting some
parts of the microprogram. To understand this information, the reader
must be familiar with the channel signals and the signalling (data and
commands) between the computer and the different devices. For information
about registers and commands, see Appendices 2 and 3. As a detailed
example of the microprogram design, the read sequence is chosen (a
device sends data to the computer). The reader can then follow other
sequences by means of the microprogram list.

The microprogram of the CCC has a general design, which means that
all types of channels can be handled (selector-, burst multiplexer-, and
byte multiplexer channels). To interface the high-speed channel as fast
as possible, some functions must be executed in hardware. These special
functions are described in the detailed hardware description.

Start-up routines

The start-up routines (see Fig. 47) include internal tests, communication
test and initiation routines of the CCC. These routines are entered at
Power on (when power to the CPL is switched on), Reset (the Reset
pushbutton on the front panel is depressed) or System reset (ordered
from the channel at any time). :

Power on/Reset

Immediately after power to the CPL is switched on or the Reset push-
button is depressed, the lamps L1-L4 on the front panel are switched on.
Lamp 1 is then switched off as a sign that the program has started.

Then the program performs a test of the microprocessor. If the test is
carried out correctly lamp 2 is switched off, else the program enters an
error loop (see later on).

Then the program tests the line buffer, by writing and reading data (zero
and one). If no errors occur lamp 3 will be switched off.

These two tests will take place very rapidly. That is to say, lamp 1-3 will
only be on for a short while at power on or reset if no errors occur in the
tests.

If an error occurs, only lamp 1 or lamp 1 and lamp 2 will be switched off
depending on which test failed, and the program will stop. At program
stop an error code will be available at the Y-bus.

E90002332E
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‘ START '

{

Lamp 1 off
Power on or Reset Test System reset

condition

register

i
Microprocessor Microprocessor
test. Lamp 2 off test. Lamp 2 off
Fail loop
y Serv channel
Line buffer cce
test e initiation
Lamp 3 off
Communication ' System reset
test - to CPB Serv channel
Lamp 4 off
Lamp 3 and 4
Error loop off
y 7

cce End 2
initiation

[
Disabled state Enabled state

Fig. 47.  Start-up routines

Lamp 4 will be on until a communication test has been correctly carried
out between the CCC and the CPB. This test can not be entered until
the system program has been loaded into the CPB, which means that
lamp 4 might be on for approximately 15 seconds before it will be switched
off. If an error occurs lamp 4 will be steadily on and the program will
enter the error loop.

If all tests have been carried out correctly (lamp 1~ 4 switched off) the
program enters the CCC initiation program. This means that the channel
address to the CPL is set up in the CCC address decoder. The channel
address is built up by one high address (highest device address) and one
low address (lowest device address). Between these two addresses,
the CCC detects a valid address to the CPL.

The two addresses are determined by the system program and are available
in the communication memory, where the CCC fetches the addresses
and stores them in two registers (high address register and low address
register).
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Moreover, the registers in the microprocessor are reset in the CCC
initiation state. The program then enters the disabled state.

NOTE

If there has been a Power on or a Reset start, the CPL is not yet connected
to the channel. (The Select out signal of the channel passes the CPL unit
both with high and low priority). The Select out signal can only be caught
in the enabled state (the Enable lamp on the front panel on).

System reset

A System reset can be ordered at any time from the channel, when the
CPL is in the enabled state (the Enable lamp on the front panel is on). The
program then enters the same point as at Power on and Reset (address
000036, in the microprogram). By sensing a condition register (Enable,
Disable and System reset) the program decides if it was a System reset.

The difference between Power on/Reset and System reset is, that the
CCCis connected to the channel in System reset. The CCC thereby has
to serve the channel during the tests.

The System reset starts with a microprocessor test, as in the Power on/
Reset state. If the test is carried out correctly lamp 2 is switched off. If
the test fails, error codes are set up in the communication memory to
inform the CPB, and the program enters an error loop still serving the
channel.

If the microprocessor test was carried out correctly the program initiates
the CCC (CPL addresses to the address decoder and reset of the micro-
processor registers, see Power on/Reset).

The program then sets System reset to the CPB (Syre to CPB command
in the communication memory) and sends an interrupt to the CPB. While
the CPB executes the System reset command, the CCCis serving the channel.
If the channel addresses the CPL in this state, the CCC immediately
sends back CU busy status to the channel.

When the CPB has executed the System reset command, the CPB returns
an interrupt to the CCC. The CCC acknowledges this interrupt by switching
lamp 3 and 4 off.

This means that a System reset can be noticed by watching the lamps on
the front panel. A system reset rapidly switches lamp 1 and 2 on and off
and makes lamps 3 and 4 glow steadily for about 10 seconds.

Since System reset occurs in the enabled state, the System reset program
module ends by entering a general subroutine End 2, which resets different
registers in the communication memory and in the microprocessor. For
information about End 2 see later on.

The program then returns to the enabled state.
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In the disabled state (see Fig. 48) the CCC is not connected to the channel,
that is to say the Select out signal from the channel is by-passed via the
relays on the CIB board both in high and low priority. The microprogram
runs in a loop and can be affected only by the switches on the front panel
or by interrupt requests from the CPB (which today is considered as an
error). The Enable lamp on the front panel is off.

If Test is selected on the front panel the CCC enters a background test
loop and can be ordered by the CPB to perform microprocessor-, RWM-,
and communication tests.

If the Disable/Enable switch on the front panel is set to position enable,
the program enters the module Dis — enable, which is a program for
changing state to enabled.

Disable:

Te

d

st IRQ CPB Enabled

back-

Test i '
ground loop Setun- Dis—enable )

expected
order

/

Tests orderd

Interrupt CPB.

by CPB X Send enable
‘ Error ' state,
Wait for go

Line buffer
to CCC

i
Connect
channel.
Affect relays
and enable
lamp

?7
Enabled

Fig. 48. Disabled state
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Dis — enable

This program module, used for change over from disabled to enabled
state, first sets up the status meaning enabled and then sends an interrupt
to the CPB. When the CPB has performed the interrupt routine and
returns to the CCC with a ”go” command, the CCC changes over the
line buffer to direction CCC. ' '

Then the microprogram affects the relays in such a way that the Select
out signal from the channel is fed in to the detector circuits of the CCC.
The output signal, which affect the relays simultaneously lights the Enable
lamp on the front panel, and the program enters the background loop of
the enabled state.

NOTE

Selection of high or low priority is made by means of the switch on the
CIB board (Up - high priority, Down — low priority). See circuit
description.

Enable

When the microprogram enters the background loop of the enabled state
(see Fig. 49), the CCC is connected to the channel and the Enable lamp
on front panel is on. In the enabled state background loop the signals
DIS (Disable from the switch on the front panel) and SEL (valid address
and Select out from the channel) are tested. (IRQ CPB is actually also
tested but not supposed to occure in current programs.) If none of the
signals is present, the program checks the status word of one device (from
the Device status table in the communication memory). If there was no
AT (Attention) or DE (Device end) in the status, the device address
scanner (Scan) in the processor will be incremented and the program
returns to the start of the background loop. The looping continues until
an AT/DE status is found somewhere in the device status table, SEL is
detected from the channel, or the Enable/Disable switch is set to position
disable.

If a SEL is detected, it means that the channel wants to enter a write or
read sequence, and the program enters the module Channel sel described
later on.

NOTE _

If the Normal/Test switch is set to position test, the program immediately
disconnects the CPL unit from the channel and stops the microprogram
execution. This function is used as an emergency stop.

Enable — dis

If a DIS is detected in the background loop of the enabled state, the
Enable — dis microprogram module is entered. This program releases the
relays in a special sequence (necessary for the fast channel), and sends
an interrupt to the CPB telling that the CCC enters the disabled state.
When the CPB returns from the interrupt with a ”go” command, the
CCC switches over the line buffer to the CPB and enters the disabled
state.
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l
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Fig. 49. Enabled state
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i
Enabled background loop {BGR)
DIS SEL
IRQ
CPB
Scan device
status table
4
Increment
scan adr
I Test
f A Y \
H Ch | sel AT/DE Disconnect
‘ Enable—dis 1 annel se ’ Serv ( } channel and
channel stop
J L

Attention/Device end

When the status Attention or Device end is found in the device status
table, the microprogram immediately enters the AT/DE module, (see
Fig. 50). The program then transfers the status to the Stareg in the micro-
processor and resets the Attention bit in the status register of the device
status table. Then the Unit check bit (UC) in the device status is checked.

If the Unit check bit is set, there has been some error in the device. If
so the status of the device is transferred to Senreg in the Mmicroprocessor
for later transmission to the channel.
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from Enabled

Store device status
in Stareg
Calculate device
address
o Set Intbusy and Stareg
f in microprocessor
Raise Reqi to the channel
1
B5
Wait for SEL

!

to Channel sel

Fig. 50. AT/DE

Then the "real” device address is calculated, since the address pointer in
{ the Scan register in the microprocessor scans only between 00,6, and
1F 46, in the device table. That is to say, the Scan register address is added
to the low CPL address, which is available in the CPLadrl register in the
CPB communication section of the communication memory. The device
address is then stored in the device address register (Adrreg) in the
microprocessor.

To indicate that the CCC is now busy and cannot serve a call from the
channel, the Status request and Interface busy bits in the Pgmsta register
of the microprocessor are set.

Now all required information about the device has been set up in the
microprocessor (device address, device status and, if Unit check was set,
device sense).

The program status register (Pgmsta) in the microprocessor indicates
that the CCCis busy (Intbusy bit set). The CCC can now set Reqis to the
channel.

The tag in signalling to the channel proceeds via the Ticopy register in

the microprocessor. Reqis in the Ticopy register is set and Ticopy is
clocked to the tag in register, where Req in to the channel is raised.
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The program then enters a background loop (B5) waiting for a call back
from the channel, that is to say the internally generated SEL signal. The
SEL signal is generated when Select in is raised by the channel and the
Bus in contains a valid address for the CPL unit. The SEL signal is fed to
the test condition selector, where it is tested by the background loop.

Since the program is now waiting for a call from the channel, the module
Channel sel (see Fig. 51) is entered when the SEL signal becomes active.
In the general Channel sel module, which is decribed in detail later on,
there is a test if the call is an answer to the request. If so (if the Adr out is
not raised in connection with Select out signal) the program immediately
enters the module Srvstareq (Serve status request).

fromIBS ‘ V }

‘ Channal sel D

y ¥ ¥
( Srvstlreq ) ( Init j q Cubusy ’ ‘ Busy D

Device adr to Bus in.
Raise Adr in and Opl in
Drop Reqin

v

Tagdecode B

Reset Zero

‘ Reset zero

Cmd out

Drop Adr in

!
Togdoodé A Y
l

Set Zero Reset Zero

Set Selres or Indisc Set Selres or indisc

L l

K

Return to
AT/DE

Fig. 51. Channel sel
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Srvstareq

Sta

The Srvstareq program immediately answers the call from the channel
by latching the device address (stored in Stareg of the microprocessor)
to the Bus in, raising Opl in and dropping Adr in. Moreover Req in is
dropped. The tag in operation is done via the tag in copy register, Ticopy,
in the microprocessor, which always contains a copy of the present status
of Tag in.

By that sequence the CCC has answered the channel call and enters the
Tagdecode B table waiting for Cmd out to raise.

Tagdecode is a 16 byte table in the microprogram. When the module
Tagdecode is entered the four lowest address bits to the microinstruction
memory are taken from the tag out register (Adr out, Opl out, Cmd out
and Srv out). The Tagdecode procedure is described in detail in under
Channel interface logic.

In the Tagdecode B table three things can happen: Cmd out goes up (Zero
is set), the channel orders selective reset (Selres) for the device (Selres in
Pgmsta is set and Zero is reset) or the channel orders interface disconnect
(Indisc in Pgmsta is set and Zero is reset).

If Selres or Indisc was ordered from the channel in the Tagdecode B table
the program immediately returns to the AT/DE program module. If
Cmd out was raised, the program resets Adr in, resets Zero and goes to
Tagdecode A.

In Tagdecode A the program is waiting for Cmd out to drop. When that
happens, Zero is set and the program returns to the AT/DE program
module. In Tagdecode A the program can order Selres or Indisc as in
the Tagdecode B case.

When the program then returns to the AT/DE program module the call
from the channel has been answered by transmission of the device address.
The channel can either have responded by saying “continue” or by
ordering a Selective reset or an Interface disconnect.

What happened in the Tagdecode table is found out by testing Zero. If
Zero is reset the program enters a module for serving Selective reset or
Interface disconnect (ID/SR, described later on). If Zero is set the program
enters the general module Sta for sending status about the device.

In the Sta subroutine (see Fig. 52) the device status, stored in the Stareg
in the microprocessor, is clocked to the bus in register. Then Tag in is
raised via the Ticopy register in the microprocessor and the program
enters Tagdecode B waiting for Srv out or Cmd out to rise. When this
happens there is a Zero test just as in Srvstareq. If Zero is reset, the Selres
bit in Pgmsta is set and the program returns to AT/DE.

If Zerois set there is a test of Srv out. If Srv out is raised by the channel it
means that the channel cannot receive the status just now. If so, sub-
routine Stacksta is entered, to stack the status until the channel is ready
to receive it. Stacksta subroutine is described later on.

E90002332E
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from Srvstareq

Device status to Bus in.
Raise Sta in

v

Tagdecode B Srv out f ,)i
Cmd out

No Zero

No stack
Zero
Stacksta Set CHAIN if
chaining
to ID/SR .
Tagdecode A Srv out %
- Cmd out

L

to End 1 to ID/SR

Fig. 52. Sta

If Srv out is not up a chaining flip-flop in the control circuits of the
channel is sensed via the test condition selector. If the channel orders
chaining (the flip-flop is set), the Chain bit in Pgmsta of the microprocessor
is set. Then Zero is set and the program enters Tagdecode A waiting for
Srv out to drop.

When Srv out drops the program returns to AT/DE and tests Zero. If Zero
is reset, a selective reset has been ordered from the channel and the
program enters the ID/SR module, for serving the reset. If Zero is set the
program continues to End 1, which is a general routine for entering the
background loop of the enabled state.
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That means that we now have ended the sequence AT/DE, where an
address and a status for a device have been sent to the computer. To return
to the background loop of the enabled state, the program however must
pass some general End routines.

End 1

The general End 1 routine (see Fig. 53) starts with a test of the Eos bitin
Pgmsta (End of selection bit in the Program status register in the micro-
processor). If DE (Device end) was sent to the channel the program
continues in the End 1 module otherwise the End 2 module is entered.
End 1 continues by resetting the Stareg of the microprocessor. Then the
program checks Cubusy and Chaining (not described) and enters the
Endsel program module.

from AT/DE

Device adr to Todev
Reset Eos

v

Set interrupt
to CPB

v

to End 2

Fig. 53. End I and Endsel
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Endsel

End 2
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Endsel performs an acknowledge to the CPB that the status for a device
is sent to the channel. First the device address is stored in Todev and Eos
command is stored in the CCCcmd of the CCC communication memory
area.

Then the Eos bit in Pgmsta is reset and an interrupt is sent to the CPB. The
program then enters the End 2 module without waiting for an acknowledge
of the interrupt sent.

The End 2 program module (see Fig. 54) first checks if the Cubusy bit in
Pgmsta is set. If not, the Stareq and Intbusy bits in Pgmsta are reset and
the line buffer is set in direction CCC. Then the Stareg (Status register)
in the microprocessor is reset and the program returns to the background
loop of the enabled state.

If we continue in our example, the device now has sent status Attention
for a read sequence and the CPB is ready to accept a Read command from
the channel. The CCC, however, has no information stored about a coming
read sequence (CCC loops in the enabled state).

from Endsel
or End 1

i
I |

Test
Cubusy

I____.__I____.. ]

Reset Stareq
and Intbusy

v

Line buffer to CCC

Y

Reset Stareg

l

to Enabled

Fig. 54. End2
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Channel sel

Then, when a valid address and the Select in signal comes up, the program
enters the Channel sel program module (see Fig. 55). This module was
also used when the device sent status to the channel (AT/DE). This time
the same tests are performed in the module. from Ersle

Channel sel

Init

Adr out to Adrreg Busy to channel Cupusy to channel
Raise Opl in Raise STAI Raise STAI
v i !
| |
Tagdecode A + | |
Adr out L _'__———'"———"[
|
¥

to Enabled

Adrreg to Adr in
Raise Adr in

!

Tagdecode B Cmd out *

No

Dtwsubboc
(Set status UC
and sense BOC)

Selres

Do interface
disconnect

v

to Enabled

Devsta to
Stareg

Yes

AT/DE/BIUC

\

to Cmddecode

Fig. 55. Channel sel, Init
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In the previous case Srvstareq was selected, thus Adr out was not raised.
In this case there is a check if Intbusy is set in Pgmsta. If not the program
enters the Init program module.

If Intbusy is set there can be two types of busy: Cubusy or Busy. At Cubusy
(control unit busy) the CCC is busy serving another device than the one
just addressed by the channel. If so, Cubusy status is sent to the channel
(via BUSI and STAI raised).

At Busy, the CCC s busy serving the device that the channel addresses.
Then Busy is sent to the channel.

The two types of Busy program modules also contain several other
operations not described here.

In our case we assume that the CCC is not busy, which makes the program
enter the Init (Initial selection program module).

The Init module immediately transfers the address from the channel to
Adrreg in Pgmsta of the microprocessor and raises Opl in as an acknowledge
to the channel. The program then enters the Tagdecode A table after
resetting Zero, waiting for Adr out to drop. If Zero is reset after passing
Tagdecode A it means that the channel has ordered an Interface disconnect
or a Selective reset, as in the first case (see AT/DE). If so the program
enters the following Zero test.

If Zero is set, the contents of the Adrreg is sent back to the channel (via
BUSI and ADRI raised). The program then enters Tagdecode B waiting
for Cmd out to rise. If Zero is reset after Tagdecode B, the program enters
a test of Interface disconnect (ID) or Selective reset (SR). If ID was
ordered, disconnection is performed immediately and the program returns
to the background loop of the enabled state. If SR was orded the Selres
module is entered.

When Cmd out was raised in Tagdecode B it means that the channel has
got a valid command on Bus out. If there is a parity error in the command
(the PC flip-flop is set) the program enters the subroutine Dtwsubboc.
If the command is a sense command (the channel wants to read the sense
byte of the addressed device) the program module Sense is entered.

Then the program checks the status of the addressed device (Device status
table of the communication memory). If there was no Attention (AT)
Device end (DE), Busy (B) or Unit check (UC) the program enters the
Cmddecod table.

In our example, the CCC has now received an address to a device, answered
the channel with the same address, and checked that the device is free to
receive a command.

.
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In the Cmddecode module, (see Fig. 56) there is first a check if the channel
command is valid for the CCC unit. Then the command is decoded in
the same way as in Tagdecode (by the address selector in position D bus).

from Init

Cmddecode

Reset Senreg
Drop Adr in

!

Tagdecode A cmd out

y

Set Intbusy

Zero No

Sta
{Send status)

Zero No

IRQCCC1
Device adr
to CPB

IRQCCC2
Command and

linebuffer to
CPB

¥

Set Eos and
interrupt to
cPB

continue

Fig. 56. Cmddecode

E90002332E

\

to ID/SR

\ Test

Write

g Sense

Cmdrej

hh6e0"

4 Sel/Eau ]



84

Read

Appendix 4 ERICSSON Z

The following commands except Read and Write can be detected:

Sel/Eau sent to, and carried out by, the CPB
Sel = Select, Eau = Erase all unprotected

Sense ID sent to the CPL at channel start-up. The CPL answers
the command by informing the channel about the
type of control unit (CPL) that is connected. That is to
say, four bytes (Ident, location 6F 16 — 7216, from
the communication memory) are sent to the channel.
The contents (FF(16)7 32(16)7 74(16)9 and 1D(16) or 1B(16)
depending on the type of control unit) of Ident is
determined by the system program.

Test/O makes the CPL send present status to the channel.

Nop makes the CPL send different information depending
on status.

Sense makes the CPL send status for the addressed device.

-Cmdre;j invalid command. |

In our example we suppose that the channel has ordered a read sequence.
Then the Senreg in the microprocessor is reset and the Adr in is dropped,
as a signal to the channel that the command is accepted. The program
then resets Zero and enters Tagdecode A, waiting for Cmd out to fall.
When this happens the Intbusy bit in Pgmsta is set, because the CCC is
now busy.

Then Zero is tested to sense if the channel has ordered Interface disconnect
or Selective reset. If so the program enters the ID/SR program module.

The CCCis going to send the device status, stored in Stareg in the micro-

processor, to the channel. For this purpose the general subroutine Sta is
used, as described in case AT/DE.

Atreturn from Sta Zero is tested, because the channel can have ordered
ID/SR.

The CCC has now received the device address from the channel and
answered by returning the same address. A Read command from the
channel has been decoded and the CCC has sent status for the addressed
device. Now the CCC must inform the CPB that a read sequence is going
to take place.

This is done by setting up the address to the device, in Todev in the CCC
communication memory area. This task is performed by the subroutine
RQCCC1.

In IRQCCC 2 the channel command is transferred from Cmdreg in the
microprocessor to IBMcmd in the CCC communication memory area
and the line buffer is set in direction CPB.

Then the Eos bit is set in Pgmsta and an interrupt request is sent to CPB.




ERICSSON 2 Appendix 4 85

The CCCis now waiting for an interrupt from the CPB, (see Fig. 57) which
means that the CPB has stored the data from the device in the line buffer.
During the wait, the CCCresets the address counter of the line buffer by
using the CLR signal, and enters one of two background loops (B2 or
B3). Background loop B2 is entered if the channel works in multiplex
mode (Opl in drops) and B3 is entered in burst mode.

from Read continue

Reset

adr counter

No (Multipiex mode)

B3 B2

to ID/SR

IRQCPB1

Linebuffer to CCC

¥

IRQCPB3
Rdlength to CCC

No {Multiplex mode)

Raise
Reqin

-B5

v il

rr__— ——T' to ID/SR
'I Datatr-rd II
I Iy
| |

X

~ \\ _]
. Yes {(Multiplex mode)
Reqin e e e e e e e e e e e e
< ~ /’>—

Fig. 57. Read (continued)
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In the background loop the CCC is waiting for the interrupt from the
CPB, but the CCC also serves the channel. If the channel calls during
this sequence, the CCC immediately answers with status Cubusy (control
unit busy).

When the CPB then interrupts the CCC, the program enters a Zero test
to see if the channel has ordered ID/SR. If not, subroutine IRQCPB 1
is entered. Among other things IRQCPB 1 sets the line buffer in direction
CCC. IRQCPB 3 then transfers the length. (Rdlengthh and Rdlengthl)
from the CCC communication memory area to the working registers
in the microprocessor.

Rdlength is stored in the communication memory by the CPB during the
background loop and contains the length of data to be sent to the channel.

The CCC is now ready to send data from the addressed device to the
channel.

If the channel works in multiplex mode (Opl in is dropped), the CCC
has to raise Req in and wait, in background loop BS5, for the SEL signal.
Then subroutine Datatr-rd is entered to send one data byte and the program
returns to raise Req in and background loop B5. This looping continues
until all data bytes are sent. Then the Read-end module is entered.

If the channel works in burst mode the subroutine Datatr-rd is entered
at once. In Datatr-rd all data bytes are sent (burst) and the program finally
enters the Read-end module.

Datatr-rd

In the Datatr-rd subroutine, (see Fig. 58) data from the line buffer is
sent to the channel via Bus in and the counters (Address counter, Counth
and Countl) in the microprocessor are decremented. Then Srv in is raised,
indicating that data on Bus in is valid, and the address counter to the line
buffer is incremented. Then the program is waiting for Srv out and Sel
out to rise during four clock periods. In burst mode Srv out and Sel out
usually rise during this time and the program drops Srv in, transfers a new
data byte to Bus in and decrements the counter (Count) in the micro-
processor. '

If Srv out and Sup out are dropped the program immediately returns to
raise Srv in and increments the address counter. If Srv out and Sup out
are not dropped the program enters subroutine Waitsrvdn (Wait for
service down) before returning.

In burst mode this loop normally is repeated until Counth and Countl in
the microprocessor are both equal to zero, then the program enters Dtr-
end.

If the channel wants to interrupt the read sequence or changes over to
multiplex mode, Srv out and Sel out are not raised within the four clock
periods. In this case the program immediately enters Tagdecode C waiting
for Srv out or Cmd out to rise. When this happens Srv in is dropped and
there is a test to find out which signal was raised.

=

'
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from Read

Data to Bus in
ec Count

ad

Raise Srv in
Incr Adr counter

'nd of data]
~
( '

(Multiplex mode)
Tagdecode B Srv out ?
Cmd out
A4 é
Tagdecode C Sty out ? Drop Srv in
o Cmd out Data to Bus in .
/,w Dec Count Drop Srvin
’ 1
Drop Srvin Lg
Tagdecode A Srv out ‘
Cmd out
No o ’ Waitsrvdn
Yes
Tagdecode A Tagdecode A
Srv out
Cmd)
aut
Raise Reg in
{ID/SR) (Muitiplex mode}

: |

return to Réad

Fig. 58. Datatr-rd

It Cmd out was raised (interrupt from the channel), Tagdecode A is
entered, waiting for Cmd out to drop.

If Srv out was raised (multiplex mode) Tagdecode A is entered, waiting
for Srv out to drop. Then Req in to the channel is raised. When returning
from Datatr-rd, Req in is tested to see if multiplex mode is selected by
the channel.

When the program returns from the Datatr-rd module there is a Zero
test to se if the channel has ordered ID or SR. If it has, the ID/SR module
is entered. Then Reqin is tested and if Req in is raised (multiplex mode)
the program returns to background loop BS (see Fig. 59).
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from Datatr-rd

to ID/SR

Yes (Multiplex mode)
“ return to Raise Req in
and B5 in READ module

IRQ CPB2
Device status
to Stareg

v

Set status CE

!
v

to Read-end -

Fig. 59. Read (continued)

Finally when all data bytes have been sent, the Count registers in the
microprocessor are equal to zero and the program enters the Dtr-end
module. In this program module Tagdecode B is entered, waiting for Srv
out or Cmd out to rise. When this happens Srv in is dropped and Tag-
decode A is entered, waiting for Srv out and Cmd out to drop.

Now the program has sent all data bytes and only the status byte remains.

IRQCPB 2 transfers the status and sense bytes from the communication
memory to the corresponding registers in the microprocessor (see Fig.
59). The microprocessor then adds the CE (Channel end) status to the
device status in Stareg and enters the Read-end module.

Read-end

In the Read-end module, (see Fig. 60) there is first a test if the channel is
operating in multiplex mode (Opl in dropped). If that is the case the Stareq
bit in Pgmsta is set and Req in is raised. Then background loop BS is
entered, waiting for SEL.

If the channel is operating in burst mode the program immediately enters
the subroutine Sta, where the ending device status is sent. In subroutine
Sta the channel can order Interface disconnect or Selective reset. If it
does the ID/SR module is entered. Otherwise the program enters End 1.
Finally the program enters the background loop of the enabled state and
the read sequence is ended.

Finally in this section the total microprogram design is presented in Figs
61 and 62.
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fromI Read

No (Multiplex mode)

¥

Set Stareq
Raise Req in

!

B5

"

Sta

—

to ID/SR

to ID/SR
End 1

End sel

— |

End 2

to Enabled

Fig. 60. Read-end
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Fig. 61.

Microprogram summary I .
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Pow on Syst reset
End 2
A ¥
Disabled Enabled (BGR)
Test bgr Dis—enabie Enable—dis Channel sel AT/DE
L1 L [ ¥
End 1
Y v [ ¥
Cubusy Busy Srvstareq Init
Selres
r w w ¥ I
Enabled {BGR) AT/DE Read ID/SR End 1
B2 Stacksta Write End 1
B4 End 2 Sense BGR
B6 Initdisc Sense 1D B6
Selres
Timeout
Sel-end
Write
Read-end y
Sense
Cmddecode
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< Cmddecode )

¥ 1] ¥ ] (] ¥ ¥

Sel/Eau Write Read Sense 1D Sense Test 1/0 Noop

s e e : iﬂ'fl

Enabled (BGR)

Sel — end Read — end

! :

]

ID/SR
intdisc
P
(‘ < I ! g
Selres
End 1
I .
1]
Endsel
¥ |
End 2
B6
Fl Enabled {BGR) Enable—sdis Channel sel
Fig. 62. Microprogram summary 2
¢
¢
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ERICSSORN é Communication Processor, Remote, CPR 4103 1
General

Communication processor remote, CPR 4103, forms an interface between
a host computer and a cluster of Alfaskop System 41 terminals. Both
a communication processor and a flexible disk drive with necessary logic
are encased in one cabinet.

The Microcomputer chapter ought to be well understood before this
chapter is studied. A good orientation on the Communication chapter
is also recommended; especially the Hardware part under Internal
Communication via Two-wire. This chapter will in principle only treat
circumstances not discussed in, or solved in other ways than said in the
two chapters mentioned above.

Functions

The CPR is used when a remote connection to a host computer is wanted
(e.g. via modem and telephone network) of a small cluster of up to 16
display units (and printer units) or/and flexible disk units. The CPR
contains one built-in flexible disk unit.

The CPR can be used in systems where double flexible disk functions
are needed, as e.g. in Alfaform, Alfaedit, or Alfabatch, only if one or
more additional flexible disk units (FD 4120) are connected. Two CPRs
are needed for dual host systems. The flexible disk drive can be started
or stopped by the program.

The CPR:

® Carries the system software storage (on diskette).
® Handles the program loading of the connected terminals at power on.

® Regularly polls the connected terminals for status and transmission
requests.

@ Governs transmission to and from the host computer via modem
adapters (SCA/SCC), performs editing and code transformation etc.

® Interconnects terminals in the cluster.

® Keeps trace of connected (turned on) units and which volumes
(diskettes) that are inserted into the flexible disk units of the system.

Subunits

Basically the CPR can handle two or eight display units and printers.
It then contains (see Fig. 1):
® CFM, CPR mechanics assembly, i.e. cabinet including front panel.

@ FPS, flexible disk power supply including universal power board, UPB.
See chapter Power Supplies.

® CPB, communication processor board, containing the basic micro-
computer with MPU, timing logic, interrupt control logic, address
decoding logic, memory access multiplexing logic (including direct

E90002659E
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Optional
\\L' I boards

Mains switch
Mains fuse
Mains inlet

Fig. 1. CPR assembly.

memory access logic), 32 + 2 kbytes of memory, crosspoint selection
logic, and (two-wire) data link controllers.

® TUA-T, terminal unit adapter T providing two or eight two-wire
connections with port number 0 — 1 or 0 — 7. The flexible disk unit is
internally connected to port 0. The TUA-T contains high speed modems,
a crosspoint system (including line transceivers) for connection of
the terminals in the cluster, and pulse transformers for the two-wires.
The transfer speed is 300 kbits/s.

e FDP, flexible disk processor with MPU, timing logic, interrupt logic,
address decoding logic, memory access multiplexing logic, and
32 + 4 kbytes of memory.

e FDA, flexible disk adapter with address decoding logic, memory
access multiplexing logic (including direct memory access logic), data
link controller, and flexible disk controller.

e FDD, flexible disk drive.
e CTF, CP and terminal fan.



ERICSSON g Communication Processor, Remote, CPR 4103 3

Four optional boards can be inserted:

® TUA-E, terminal unit adapter E. One TUA-E can be inserted if
TUA-T with eight ports is used and eight additional ports are wanted.
The port numbers will be 8 —15. The TUA-E contains the same circuits
as the TUA-T except for modems (and off switches in the crosspoint
system). '

e MRW, MRW-A or MRW-B memory board, read/write. A memory
board can be mounted if up to 29 ¥4 additional kbytes of (CP) memory
are wanted. See chapter Memory Board R/W.

® SCA, synchronous communication adapter which is used for commu-
nication with a host computer via modem. See chapter Synchronous
Communication Adapter.

® SCC, synchronous communication controller which is used for
communication with a host computer via modem. See chapter
Synchronous Communication Controller.

It is not possible to use the ordinary TUA (4181) board.

The FDP board is the same as in FD 4120. The FDA board differs only
in the following respects from the ordinary FDA board:

® The printed pattern has another layout.

e Only circuits, necessary for handling of one drive, are mounted.

® An additional connector for a standard flexible disk drive is mounted
beside the one for the CDC flexibie disk drive.

® There is a connection for a new start/stop function of the flexible disk
drive. :

The flexible disk part of the CPR is not described here, due to the
similarity with FD 4120. Please refer to the Flexible Disk Unit chapter.

The CPR can be seen as two main functional parts. These definitions
will be used in the following:

® CP. Communication processor part including CPB and TUA-T (if
used also TUA-E, MRW, MRW-A, MRW-B, SCA, and SCC).

e FD. Flexible disk part including FDP, FDA and FDD. The FD will
be considered as a terminal to the CP.

Mechanics

The mechanical build-up of CPR 4103 is shown in Fig. 1. The plastic
cabinet is the same as for (late versions of) the CPR 4101 and the FD 4120.
The main parts of the CPR, from the mechanical aspect, are:

® Box for the CPB, which has an opening for the TUA board(s).

@ Rack for four optional boards. There is, however, only space for
three boards when the TUA-E is used.

@ Flexible disk drive, FDD.

E90002659E
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e Box for FDP and FDA.

® Power supply.

@ Fan unit.

The TUA-T board is stacked on the CPB. The TUA-E board is, if used,

stacked on the TUA-T board. The optional boards are stacked on each
other and connected to the CPB with a cable.

The following connectors may exist in front of the optional boards:

® 2, 8 or 16 two-wire or coaxial cable connectors.

@ 2, 8 or 16 switches for connecting or disconnecting of line terminating
resistors.

@ Connector for V.24/V.28 (25 pins).
@ Connector for X21 (15 pins).

A relay board, RB, for the start and stop function of the flexible disk 5
drive is mounted behind the flexible disk drive.

Brief Qutline

Monitoring

The CPR front panel shows eight lamps. See circles in Fig. 2. The two
to the left are mounted on the CPB:

® Ready lamp is governed by the CP program. It blinks when the CP
has started an internal poll in order to find the system diskette and glows
steadily when the CP hasloaded the operating system in its read/write
memory.

® Line 1 lamp is governed by a line activity signal from the SCA (or
SCC). It glows steadily if data is regularly sent to and blinks if data
is only received from the host computer. (For details see chapters on
Synchronous Communication Adapter or Synchronous Communication
Controller.)

The five lamps to the right are mounted on the FD A board (and controlled
by the FD program except for the Power on lamp):

@ Ready lamp glows steadily when the flexible disk processor has finished
the initial program loading. The lamp blinks if the CP does not scan
the FD.

® Status 1, 2, and 3 lamps indicate the status of the flexible disk drive.
The interpretation is given in the Installation and Maintenance Manual.

® Power on lamp is directly governed by the +5 V power.

The lamp on the flexible disk front indicates whether the flexible disk
door can be opened or not.
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Fig. 2. Frontof CPR
Memory Map
Fig. 3 presents the memory map of the CP.

The memory areas are described in the Microcomputer chapter, circum-
stances pertaining to more than 32 kbytes of memory in the Memory
Board R/W chapter, and the interrupts under the following heading.
The 1/0 addresses are specified in Appendix 1.

Communication with a host computer may proceed via circuits on an
SCA at addresses F768 16y — F77F 4.

If an SCC is used, the microcomputer of the CPB reads data from and
writes data to the host computer in a dual access area on the SCC. The
addresses 60005, — 7FFF ;¢ are then reserved for this purpose and the
memory on the CPB must in this case be limited to 24 kbytes by strapping.
Strapping information is found in the Installation and Maintenance
Manual. The SCC handles certain message editing and the actual transfers
between the dual access area and an interface circuit (SSDA or ADLC)
on the SCC.

Interrupts
The principles of the interrupt system are described in the Microcomputer
chapter. The locations of the interrupt vectors (i.e. the addresses to the
interrupt routines) are found in the memory map.

Here follows a description of the origin, properties and use of the different
CP interrupt signals.
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HEX
R
QEEF INTERRUPT VECTORS
Reset
PL ROM Non maskable interrupt e
F800, P €D
F700 MuxgHRW Software interrupt a8
(2% k) Default interrupt 8 9%
Fooo v | 7 ADLC channel 0 6.1
I 6 ADLC channel L5
{ 5 ADLC channel 2 2,3
| & ADLC channet 3
[10 addresses FFFO, 1 o
| 3 SCAISCC FEEE, F
\ |2 )
: | | 1 PTM AB
| | I 0 Operating system FFES, 9]
| : I=peripheral I1RQ. 7=high priorify
! | F800
! | wolg e ]
| | EZ|Z|E 5
| | bl F7F0 }
xo
| ] 52 e
| | o FTE0
| |
! l 32 ||o i
$ byted | = o F700
vl F7C8
| | =|E| =] Pla FIC4-7 £7c0
| MRW |
8000 Max b
RWM JF780
on
cPB .
32k JF7a0
May be 1
SCC
on JF790
F780
o
=3 I LS F778
I S| _SSDA F770
6000 & PiA F7¢8
|
24k 4
JF750
o F740
ADLC ch 3 F738
ADLC ch 2 £730
ADLC ch 1 £728
4000 L ___ _| | __|s|3[ADLch 0 F720
b Rl Bt
Ir dF710 ’ }
16k DMAC F700-16 &
F700
c
25 g5 £,
EREEE
Wy Wy o
2000 ADLC = Advanced data link controller
7 CPB = Communication processor board
T Ccs = Crosspoint selection
8k DMAC = Direct memory access controller
IPL = Initial program load
MCP = Microprocessor control panel
MIC (1/0) = Microcomputer, central part {input/output}
MRW = Memory board read/write
PER I/O = Peripheral input/output
PIA = Peripheral interface adapter
PTM = Programmable timer module
SCA = Synchronous communication adapter
0000 SSDA = Synchronous serial data adapter
TWI = Two-wire interface
* MPU reading FFF8 — FFF9 will transfer the contents of two cells within FFE8 - FFF9, depending
on highest priority valid interrupt, to the MPU.
** A (read or preferably) write operation into one of the cells FFE8 — FFF7 will result in a setting
of a corresponding mask value. As an example, FFEE or FFEF from the MPU will disable
interrupts of priority < 3.
*** Not present during the three DMA cycles DMA T1-T3.

Fig. 3. CP of CPR 4103 memory map.



_

ERICSSON ? Communication Processor, Remote, CPR 4103 7

Interrupts out

Two interrupt signals can be generated and fed to subunits. Interrupt
slave I is generated when bit 5 is set in the peripheral register A of the MIC
PIA. Interrupt slave ITis generated when bit 3 is set in the same register.

Reset, NMI, and SWI

The MPU is reset at power on or at depression of the Reset button. The
MPU will after a reset fetch the contents of the cells FFFE 6 and FFFF s,
to the program counter and execute the reset program (see also Reset
functions).

NMI, non-maskable interrupts may be generated from the test unit MCP
(Microprocessor control panel) or when a parity error is detected at
readouts from the read/write memory. The program can test the source
of the interrupt by reading the peripheral register A of the MIC PIA and
test bits 0 and 2 (see Microcomputer PIA, MIC PIA).

SWI, software interrupt is generated by an MPU instruction.

Interrupt 7 — 0 and Default Interrupt

Interrupts 7 — 0 (I7 - 0) are set in the interrupt register. The interrupts
are arranged in a priority order where I7 has the highest priority. A set
interrupt must be of the same as or higher priority level than denoted by
the present value of the mask register in order to be valid. The interrupt
vector is fetched from the cells FFF8;5) and FFF9 ;4 (default interrupt)
if a triggering interrupt is not valid at the time of the vector fetch.

The maskable interrupts, 17 — 0, are further only serviced if the I-bit of
the MPU condition code register is reset. I7 — 0 originate from the
* following sources:

I7 orginates from the ADLC (advanced data link controller) of channel 0.
16 originates from the ADLC of channel 1.
I5 originates from the ADLC of channel 2.
I4 originates from the ADLC of channel 3.

I3 may originate from a non-steady source (short pulse interrupt). It
will be latched by the interrupt logic if bit 4 of the MIC PIA peripheral
register A is set. Any latched interrupt is reset and the state of the
I3 line to the interrupt register will be equal to the state of the in-
coming interrupt line if bit 4 is reset. The I3 line is used for instance
by an SCA or an SCC.

I2  functions as I3 but is controlled by bit 6 of the MIC PIA peripheral
register A.

I1 originates from the PTM.

I0 originates from the CA2 output of the MIC PIA. The program can
thus make an interrupt by writing 110, in bits 5 — 3 of the MIC PIA
control register A.
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Programmable timer module, PTM

A programmable timer module, PTM, is used to provide two or three
time bases for generation of timeouts and a real time clock (calendar
clock) in the CP. A detailed description of the PTM circuit is found in
the Microcomputer chapter.

The PTM contain three timers with 16-bit counters. Timer 1 is typically
programmed to divide the basic clock (@2) by 21 300 and thus make an
interrupt (I1) every 20:th ms (50 Hz). The output from timer 1 is fed to
the clock input of timer 2 and there typically divided by 50. Timer 2 will
thus make an interrupt (I1) every second. Timer 3 is a spare timer, which
for instance may be used for short time measurements.

Terminal Communication

General

The CP communicates with the terminals in the cluster via four ADLC
(advanced data link controller) circuits, four high speed modems, and
a crosspoint system. For a description of the used communication
procedure and a survey of the hardware functions please refer to the
Communication chapter.

Each one of the ADLCs forms a part of one of four channels, interfacing
a high speed modem and the crosspoint system on the TUA-T board. The
TUA-T board comprises two or eight two-wire connections. An optional
TUA-E board may be used, providing eight additional two-wire connec-
tions. See Fig. 4. Each two-wire may be chained to a display unit (and
a printer unit) or/and a flexible disk unit. Note that the demands on
maximum response times and number of terminal addresses in different
applications introduce restrictions in the number of connected terminals.

0

1

2

3

Channel | TUA-T | TUA-E

| 2—por?-«—1‘ 8-port —=
<

N N N N

N N

Two-wire:

| I
11 |
| | |

<1 AN < <
RRi |
I * T
| | |
| | |

0 1 2 3 b 5 6 7 8 9 0 N 12 3 1% 15

Fig. 4. Crosspoint system.

A certain channel may be connected to any one and any number of two-
wires in the crosspoint system. Transfers may also take place on more
than one channel simultaneously. Note, however, that a certain two-wire
should not be connected to more than one channel at the same time.

The ADLCs are controlled by the MPU or by the direct memory access
logic, including a DMAC (direct memory access controller) circuit. The

-

3
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crosspoint system is controlled by a crosspoint selection PIA (peripheral
interface adapter) and a crosspoint selection logic. See block diagram.

Direct Memory Access

The DMAC (see Microcomputer chapter) control of the four channels,
means that the DMAC registers associated with a certain channel must
be used both for read memory (transmit data) and write memory (receive
data) access sequences. As suggested above, more than one channel
may be enabled simultaneously. The direct memory access timing (including
DMAC), ensures that only one channel transfers a byte at a certain time.

An ADLC may thus be accessed in two ways (see block diagram):

e Addressed by the MPU; CE ADLC provided by the two-wire interface
address decoder, R/W and address lines for register selection provided
by the MPU. All ADLC registers can be accessed.

e Addressed by the DMAC during DMA T2 (DMA mode); CE ADLC
provided as DMAC encoded channel address (TXAKA and TXAKB)
directed DMA mode signal to the proper ADLC, R/W and one address
line provided by the DMAC. Receiver and transmitter FIFOs can
only be accessed as the other address line (A1) is tied high.

Channel Usage

The four channels are used in the following way:

e Channel 0is used for internal polling, i.e. to investigate if the connected
terminals want to communicate with the host computer or transfer
data to or from another terminal in the cluster. (Note that the FD is
considered as a terminal.)

e Channel 1 is used for connections between the CP and the terminals
in the cluster, e.g. for initial program loading of the CP or connecting
sequences. It can also be used for terminal to terminal communication
(see Channel 3 below).

® Channel 2 is used for traffic between the terminals and the host
computer. As an example, say that the CP while polling has found
that a number of display units want to send messages to the host
computer. When the CP then is polled (or a terminal selected) by the
host computer the CP connects the display units, one after the other
on channel 2. The actual message is then via the CP stored in the line
buffer and by the SCA (or SCC) transferred to the host computer.
The SCA handler program takes care of the data in the line buffer,
makes necessary code transformations, and sends the data.

® Channel 3 is used for internal traffic (terminal to terminal communication).
A display unit on one two-wire may e.g. answer to a poll (on channel 0)
that it wants to make a local printout on a printer unit connected to
a display unit on another two-wire. In case this printer unit is not busy
and no other units are queuing to use the printer unit, the CP connects
the requesting display unit with the printer unit on channel 3. Note
that the ADLC 3 (in the CP) will still be listening to the traffic. Thus,
the CP program may know when the transfer is completed.

E90002659E
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Turning Crosspoints On and Off

Each crosspoint consists of two SCRs (silicon controlled rectifiers or
thyristors). To connect one two-wire to one channel a selection address
and an On order are written in the crosspoint selection PIA. Thereby
one TUA enable signal, one two-wire enable signal (Tw en) and one
Channel select (Ch sel) signal are activated, making the selected pair
of SCRs conducting.

The selection signals disappear when the On order is cancelled via the
PIA. The SCRs require hold currents in order to stay on. These hold
currents are provided as long as the Channel off (Ch off) signal is not
activated. The Channel off signal will, when activated, turn off all cross-
points connected to one (selected) channel.

Thus: r)

® When a selection word and an On order are written into the cross-
point selection PIA, only one pair of SCRs (one crosspoint) is activated.
To connect more two-wires to the channel, one selection must be =~
made for each crosspoint. )

® A certain crosspoint may not be disconnected separately — all cross-
points of one channel will be disconnected at the same time.

Crosspoint Signals

There are two physical connections (for each channel) through the
crosspoint switch, see block diagram. One is used for:

@ Modulated received data (transferred as current) and TUA Request
to send (TUA RTS, transferred as voltage).

The other is used for:
® Modulated transmitted data (transferred as voltage). ’ )

Modulated transmitted data is provided by the high speed modem of
the channel in question and may originate from:

® The ADLC (i.e. from the CP memory).

@ A terminal connected to the channel, that sends data to the high
speed modem on the Modulated received data line (transferred on
the same line as TUA RTS trough the crosspoint switch).

TUA RTS is generated in the modem when:

® The ADLCssignals RTS, set by the CP program before the CP starts
transmitting to the terminal(s) connected to the channel, or:

® The high speed modem receives valid Modulated received data.

Note that the modem generates TUA RTS and Modulated transmitted
data not only when the CP is transmitting but also when some terminal
is sending data into the crosspoint system. The two-wire line transceiver
(on the TUA) connected to the terminal sending into the CP will be in the
receiving state, i.e. not affected by the TUA RTS signal occuring on the
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channel — the line transceivers of all other two-wires connected to the
channel will, however, be in transmitting state.

This enables (in addition to ordinary transfers):

@ Transfers of messages between terminals in the cluster.
® Connections of display units listening to the traffic on the channel.

® The CP to keep track of terminal to terminal communications.

Example of Data Transfers

There are thus three communication modes as shown in Fig. 5.

Receive mode

High speed Crosspoint
modem : system
Terminal

Transmit mode

High speed Crosspoint
modem system
Terminal

Retransmit mode

High speed Crosspoint
modem system

N
VAR

Terminal Terminal

Fig.5. Communication modes.
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Fig. 6, an excerpt from the block diagram, exemplifies a data transfer
situation in the crosspoint system of an 8-port TUA-T:

@ One byte is transferred from the memory of the CP to the ADLC of
channel 0 under the control of the DMAC circuit.

® A previously transferred byte of a poll message is shifted out from
the ADLC of channel 0, modulated, and transmitted to a terminal
connected to two-wire number 7.

® Data is transferred from a terminal connected to two-wire 0 to another
terminal on two-wire 4. Note that:

— Channel 3 is used.
— Data proceeds via the high speed modem.
— Datais accessible for the microcomputer of the CP (in ADLC 3).

cre | TUA-T | TUA-T
L]
:t . TUA enable # n
! L 1RQ 7 ?.;;x;zko
<{ ApLco : Two ~wire selechion
: bs
i‘ ,—-—‘U Rec T £ sel
, datag fdata0 | |
- — : ; Ch o otf
TUA RIS O
Clocx —
Mod tr dafo 0
High speed modem y 4 Current to
voitage
- Mod ret data 0 Converter
L . — . Tv 0 1
en en
l chof
1 N
. M b
170 6 B ciock) Saldoled
Sl Mod rec data OITUA RTS|Q {
CE ADLC t aocy eIt ]
RS h r——
‘] 4 tRec Tr I
datat | dara 1
“ . fdara? Jdata j Chiott
i { | ¢h2
! Clock TUA RTS1 1
i( Mod tr data ! ¢ ' h
| High spee¢ modem haa ¢ ‘”""" °
l DEND 1 voltage
i : Mod rec data ! converter Ch3)
| [ =

il

Dual} line
transceiver

sl [ EET

" A

3
K

ADLC 2

. I Rec Tr

deta 2 dota 2

TUA RS2
Mod r data 2 |*

Two
High speed modem S:{,;Eq"; to ¥0 T Twl 1

. _-—-] Mod rec data 2 converter
—_— Q- Conducting pair of SCRs.
Coarse (bold) Lines indicate
. . T data transters

JRQ 4 Bit cloc
CE ADLC 3 1S3
ADLC3 3753

Mod trgata 3
Mad rec data 3 /

Rec . Tr J
dotad jcate3
T

t J :

I “igh speed modem
DEND 3

l_._._7

Fig. 6. Cluster data transfer example.
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Detailed Description

This section will only cover more complicated circuits or special solutions.

Microcomputer PIA, MIC PIA

Input/Output Functions

The MIC PIA controls several central functions. See chapter Micro-
computer; Peripheral Interface Adapter, PIA for definitions and a general
survey. IRQA, CA1l, IRQB, CB2, PB7, 5, and 4 are not used.

The CA2 output is used to generate interrupt 0 if CRA bit 3 is zero-set

The MIC PIA interrupt flag (CRB bit 7) is set if the Reset button is
depressed (as CB1 is then taken low). This must be checked by the
program as IRQB is not connected.

The PA outputs/inputs are used in the following way (opposite polarity
means ”do not” or "not”):

PA7 Input Hard-wired low

PA6 Output 1 = latch interrupt 2

PAS Output 1 = interrupt slave I

PA4 Output 1 = latch interrupt 3

PA3 Output 1 = interrupt slave II

PA2 Input 0= MCP connected and in test mode

PAl1 Output 0 = lit Ready LED

PAO Input 1 = parity error FF is set

The PB outputs are used in the following way:

PB6 Output 1 = activate general Reset. The output must be set low
after power on. (The MPU and the MIC PIA are not
reset by general Reset.)

PBO Output 1 = reset and keep parity error FF reset.

PB3-1 are not used today. PB3 ought to and PB2-1 must, however, be
low. '

Reset Functions

The MPU is reset by a power on reset or a Reset button depression. The
MIC PIA is only reset by the power on reset. The general Reset is
activated at power on and stays active until MIC PIA PB6 is set low by
the MPU.
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The general Reset will not be activated at a Reset button depression.
The MPU, however, will check the MIC PIA interrupt flag (CRB bit 7)
and find that the button has been depressed. The MPU can then make
a general reset by setting MIC PIA PB6 first high and then low.

Crosspoint Selection Control

Crosspoint Control Signals

The control signals to the crosspoint system are generated in a crosspoint
selection PIA (peripheral interface adapter, see Microcomputer chapter
for a general description) and distributed via a decoder and a selector
on the CPB (crosspoint selection logic on the block diagram) and a selector )
on each TUA board.

The PIA generates an On signal from CB2 and a Channel off (Ch off)
signal from CA2. All of peripheral register B is used as output with the
following function:

76543210
L [ T " "]

Two-wire address (Tw addr) decoded to one
of eight two-wire enable (Tw en) signals when
applicable TUA enable is present. 000, =
Twen0. 1115 =Twen7.

TUA select. When On is active these bits are
decoded to one of five TUA enable signals.
TUA enable 0 (TUA select = 000,)) enables
the decoding of Tw en 7 — 0 on the TUA-T.
TUA enable 1 (TUA select = 001,)) enables
the decoding of Tw en 7 — 0 on the TUA-E.
TUA enable2—7 are not used. )

Channel select (00;) = channel 0, 11y =

channel 3). These bits are used to control the

distribution of On (called Ch sel 3 — 0 when

fed to the TUAs) and Ch off to applicable {
channel.

Y

Crosspoint Selection PIA Control

In order to get the above mentioned functions the control register A
(CRA) of the crosspoint selection PLA must be set as follows:

76543210

L Do T 7]

L** CA2 output (Ch off) follows what is written
into this bit (if bits 5 — 4 are ones). 0 = selected
channel is turned off. 1 = connections may

'be made on all channels.

CA2 follows CRA bit 3.
CAZ functions as output.
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Control register B (CRB) should contain:

76543210

| [a[a[ il 7]

!——- Peripheral register B accessible. This bit must
of course be 0 at the initiation when the Data
direction register B is set to all ones.

CB2 output (On) follows what is written in
this bit (if bits 54 are ones).

CB2 follows CRB bit 3.
CB?2 functions as output.

TUA Functions

The TUA functions are performed by means of four high speed modems
and on each one of TUA-T (8-port) and TUA-E; a crosspoint system,
eight line transformers, and a decoder. The crosspoint system consists
of four off switches, four current to voltage converters, two 4 X 4 X 2
crosspoint switches, and four dual line transceivers. The decoder decodes
the two-wire address (from the crosspoint selection PIA) when enabled
by TUA enable.

The TUA-T with two ports is funcionally the same as the eight port
version, but is not fully equipped. It differs from what is said above in
that only one 4 X 4 X 2 crosspoint switch, one dual line transceiver and
two line transformers are mounted. Neither is each one of the four
current to voltage converters fully equipped.

High Speed Modem

The high speed digital modem consist of one chip, which contains a
modulator, a demodulator, a frequency divide and phase correction
logic, and a delay circuit for Clear to send. See Fig. 7.

Data to be transmitted (Tr data, from the ADLC) is presented in serial,
not modulated, format to the modulator. The modulator converts the
signal to a frequency shifted signal (Mod tr data) which then eventually
may be fed to the two-wire(s).

The frequency shifted data transferred from the two-wire (Mod rec data)
is fed to the demodulator and to the frequency divide and phase correction
logic. An internal strobe from the latter logic shifts the Modulated
received data into the demodulator and generates the Bit clock, fed to
the ADLC. The demodulator converts the received data to demodulated
valid data (Recdata, fed to the ADLC). Received data is (as Retransmit
is hard-wired low) internally also fed to the modulator and retransmitted
(with a delay of ~ 2 bit times) to the line (Mod tr data).

The modulation method, clock generation and phase correction are
described in the Communication chapter.

The Request to send output (TUA RTS) follows (but inverted) the

Request to send input (RTS) in the transmit mode and is a function of
Modulated received data in the retransmit mode.
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+ Fixed delay 1
DEND 2
Sk 3 o&o— RTS-CTS
RTS 4 delay
°l>—>\ 11_TUA RTS
/
L7
9 Mod trdata
f 4
Trdafa__13 Modulaton 10
P N.C.
. 4 P | S
Retransmit 14
o De- 5 Mod rec data
Recdata 15 modulator
- 600 kHz
+ Reset
EEEEE—— ——
9585 MHz 6 Frequency divide
and phase (+2)
‘ correction (+16)
Bit clock 12 300 kHz |

Fig. 7. High speed modem circuit.

Clear to send (CTS) follows Request to send input (RTS) with a delay
of 32 (controlled by strapping) bit clock periods. This delay will enable
the modem in the receiving unit (e.g. in a DU) to synchronize before the
transmission is started. A frequency corresponding to the state of the
Transmitted data input will be sent on Modulated transmitted data
‘during the delay. An active DEND signal (at the end of a transmission
sequence) from the DMAC (see Microcomputer chapter) will deactivate
Clear to send.

Modulated received data is validated i.e. each bit must consist of an LH,
HL, LL or HH and there must be a shift of polarity between the bits in
order to be accepted:

J I )

fola | | [0
—=——+=- One bit time

Received data is always high when Modulated received data is invalid
or before the modem has synchronized with Modulated received data.
TUA RTS is only activated for valid data at retransmission.

High Speed Modem/Two-wire Interface

Fig. 8 shows the interface between one channel (one high speed modem)
and one two-wire. It consists of an off switch, a current to voltage
converter, an SCR pair in the crosspoint switch, a line transceiver, and
a line transformer.
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The connection through the crosspoint switch will be established when
the Two-wire enable (Tw en) and Channel select (Ch sel) signals are
activated, i.e. when the encircled double collector transistor in Fig. 8 is
turned on (if Channel off [Ch off] is inactive). The SCRs will then be
kept on by the holding current between the ~ +10 V to RC1 and RC2in
the current to voltage converter and the —5 V of the current sources in
the line transceivers. The SCRs are turned off when the bases of the
transistors T1 and T2 in the current to voltage converter are sunk to
~ —5V by an activated Channel off signal. (No one of Modulated trans-
mitted data, TUA RTS, and Modulated received data can then be
transferred through the crosspoint system.)

TTL signals
to/ from
high speed
modem

Mod rec data

1
|
~+'IOV |
RC1 RCZ}

Mod trdata

|
I
|
:
I
I
I
f

Crosspoint switch

Hold current
Mod tr data
Hold current

Signal current
Mod rec data

I
|
I
I
|
[
|
I
I
|
I
|
|
|
I
I
I

L_I_Ine transceiver

-5V
Mod rec data/TUARTS 3mA _q-)

-5V
12mA CI)

I
| I
| |
! I
[ ™~ |

TUA RTS | g N | %
Y 1% | |\I1
I |
| 'ﬁz |
I |

Ch off l[ I Current to
| ) voltage
(0ff switch _t_—_sy_ _ Lconverter |

-5V
3mA ——@

Receive
gate
Receive/
transmit
logic Line

Line_ driver
/\rece:ver

Two ~wire line

Fig. 8.  Principles of high speed modem/two-wire interface.
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When data is received (receive mode) from the line, the signal is converted
to a current signal in the line transceiver. The output from a receive
gate turns an additional current source (12 mA) on and off. The current
signal (3 mA or 15 mA) flows through the SCR1, T1, and RC1. The
voltage level at the line transceiver pin is not affected by these signal
currents and is always ~ 1.5 V below the high speed modem output TUA
RTS. The signal voltage created across RC1 is converted to a TTL level
by a comparator and fed to the high speed modem as Modulated received
data.

When sending data to the line (transmit mode), the high speed modem
raises the TUA RTS output to a high level (+4 V; the signal is then
dropped ~ 1.5 V by T1 and SCR1). TUA RTS high will enable the line
driver and disable the line receiver in the line transceiver (unless the
transceiver is receiving). Modulated transmitted data from the high
speed modem flows through T2 and SCR2 (and is also dropped ~ 1.5 V).
The currents through the SCR1, SCR2, T1, T2, RC1, and RC2 are not
affected by the different voltage outputs from T1 and T2 because the
two inputs of the line transceiver are of high impedance type.

The high speed modem will always refresh and retransmit the received
signal to the crosspoint switch at the high speed modem output Modulated
transmitted data. The high speed modem output TUA RTS will also be
active and the two output signals are sent to all connected line transceivers,
even the line transceiver which receives the original signal from the line,
but the line driver in this circuit is disabled by the incoming signal from
the two-wire. Note that at least one more than the receiving crosspoint
must be connected in order to obtain an actual retransmission (in retransmit
mode). Note also that Modulated transmitted data and TUA RTS are
transferred through the crosspoint system at the same time as Modulated
received data is transferred through it in the opposite direction.
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Appendix 1

I/0 Addresses, F7FF ¢, — F700,

(The first two figures, F7(;6), are omitted in the address column below.
R/W = W means write, R/'W = R means read and R/W = R/W means
read or write as seen from the MPU.)

P
{

Address R/W 0“?‘5’ Addressed unit and register
{Hex) condition
(N MCP
FF w =F7
FE w =F6
FD w =Fb
FC w =F4
FB R =F3
FA R =F2
F9 R =F1
F8 R =F0
F7 w STORE (bit7), CCR, ACCB, ACCA, XHI, XLO,
PCHI and PCLO switches .
F6 W Data 7-0switches
F5 w Address 15—8 switches
F4 w Address 7—0 switches
F3 R A,B,C,D,NM|, IRQ,VMA and R/W LEDs
F2 R Data7—-0LEDs
"[F1 R Address 15—-8LEDs
FO R Address 7—-0LEDs
{ EF-DO Notused
PTM
CF w Timer3LSB latches
CF R LSB buffer (timer 3)
CE w MSB buffer (timer 3)
CE R Timer 3 counter MSB
CD w Timer 2 LSB latches
CD R LSB buffer (timer 2)
CcC w MSB buffer (timer 2)
CcC R Timer 2 counter MSB
CB w Timer 1 LSB latches
CB R LSB buffer (timer 1)
CA w MSB buffer (timer 1)
CA R Timer 1 counter MSB
C9 w Control register 2 (CR2)
C9 R Statusregister
Cc8 W | CR2:0=0 |Control register 3
C8 W | CR2:0 =1 |Control register 1
MIC PIA
C7 R/W Control register B (CRB)
Cé6 R/W | CRB2 =0 |Datadirection register B
cé R/W | CRB2 =1 |Peripheral register B
C5 RW Control register A (CRA)
C4 R/W | CRA2 =0 |Datadirection register A
C4 R/W | CRA2 =1 |Peripheral register A
C3-80 Not used
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A?:;:)ss R/W co%h?ggn Addressed unit and register
SCAADLC
7F — — =7B
7E — =7A
7D — — =79
7C — =78
7B W | CR1:0 =0 |Transmitter FIFO (terminate)
7B W | CR1:0=1 |Control register4
7B R Receiver FIFO
7A w Transmitter FIFO (continue)
7A R Receiver FIFO
79 W |CR1:0=0 |Control register2
798 W |[CR1:0=1 |Control register 3
79 R Status register 2
78 w Control register 1 (CR1)
78 R Statusregister 1
SCASSDA
77 — - =71
76 - =70
75 — —> =71
74 — =70
73 — — =71
72 — =70
71 W [CR1:7,6=00| Control register 2
71 W [CR1:7,6=01|Control register 3
71 W [CR1:7,6=10|Synchronization code register
71 W [CR1:7,6=11|Transmitted data FIFO
71 R Received data FIFO
70 w Control register 1{CR1)
70 R Status register
SCAPIA
6F R/W = 6B
6E R/W — =6A
6D R/W =69
6C R/W — =68
6B RW Control register B (CRB)
6A R/W | CRB2 =0 |Datadirection register B
6A R/W | CRB2 =1 |Peripheral register B
69 RW Control register A (CRA)
68 R/W | CRA2 =0 |Datadirection register A
68 R/W | CRA2 =1 |Peripheral register A
67-48 Not used
CSPIA
47 R/W =43
46 R/W — =42
45 RW =41
a4 R/W — =40
43 R/W Control register B (CRB)
42 R/W | CRB2 =0 |Datadirection register B
42 R/W | CRB2 =1 {Peripheral register B
41 RW Control register A (CRA)
40 R/W | CRA2 =0 |Datadirection register A
40 RW | CRA2 =1 |Peripheral register A
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Address R/W Otl3e_r Addressed unit and register
{Hex) condition

TWIADLC channel3-0
(The ADLCs can also be addressed by the DMAC
at DMA cycle 2 butthe R/W lineis then inverted
and address bit 1 is hard-wired 1.)
ADLCchannel 3

3F-38 — — Correspond to channel 0 (Addresses 27 —20)
ADLCchannel 2

37-30 — — Correspondto channel 0 (Addresses 27 —20)
ADLCchannel 1

2F-28 — — Correspondto channel 0 (Addresses 27 —20)
ADLCchannel0

27 — — =23

26 — =22

25 — — =21

24 —> : =20

23 W | CR1:0 =0 |Transmitter FIFO (terminate)

23 W | CR1:0=1 |Control register4

23 R Receiver FIFO

22 w Transmitter FIFO (continue)

22 R Receiver FIFO

21 W [CR1:0=0 |Controlregister2

21 W | CR1:0=1 |Control register3

21 R Status register 2

20 W Control register 1 (CR1)

20 R Status register 1

1F-17 Notused
DMAC

16 R/W Datachain

15 RW Interrupt control

14 R/W Priority control

13 R/W Channel 3 control

12 RW Channel 2 control

1" R/W Channel 1 control

10 R/W Channel Q control

OF RW Byte count, channel 3(LSB)

OE RW Byte count, channel 3 (MSB)

oD R/W Address, channel 3 (LSB)

oC RW Address, channel 3 (MSB)

0B R/W Byte count, channel 2 (LSB)

0A R/W Byte count, channel 2 (MSB)

09 R/W Address, channel 2 (LSB)

08 R/W Address, channel 2 (MSB)

07 R/W Byte count, channel 1 (LSB)

06 R/W Byte count, channel 1 (MSB)

05 R/W Address, channel 1 (LSB)

04 R/W Address, channel 1 (MSB)

03 RwW Byte count, channel 0 (LSB)

02 R/W Byte count, channel 0 (MSB)

01 R/W Address, channel 0 (LSB)

00 RW Address, channel 0 (MSB)
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GENERAL

The main task of the FD4120 terminal is to serve as a
storage for

e the system programs to be loaded into the different
terminals on start of the system

e the application programs created by means of Alfa-
form and Interactive Cobol

e data when the Transaction Collection Package is used.

MECHANICS

@ TR AB 12O

Flexible Disk Drive (FDD)
Optional FDD

Flexible Disk Power Supply (FPS)
Flexible Disk Adapter (FDA)
Flexible Disk Processor (FDP)
LED display

LED panel

QEOEEEE

. 1. FD 4120 mechanical layout

0|
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Q
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BLOCK STRUCTURE

The electronic circuits for control of the Flexible
Disk Drive are placed on two printed circuit boards:

e theFlexible Disk Processor (FDP), and
® theFlexible Disk Adapter (FDA).
The major function blocks and the flow of signals and

data are shown in the diagram. It is followed by a
brief presentation of the individual blocks.

Block Diagram

‘\/

Foe ADDR. INT. MIC

DECODER MPU Losic | | Pia Rwm
i
Lt | —. ! +—3
_____éE_._"__4f___.__, Y £ > s -
:iL f T7 1 o 1 @—1 :

ADDR. DMA ADLC FOC 0 FDC 1 FDA
DECODER PIA
FDA T t ¥ f TT H
FDA
Betcion— [ Y
line
| O O
—— i — e e e ——-J Flexible Flexible
Disk Drive 0 Disk Drive1

Fig. 2. Coarse block diagram

Block Description

The MPU consists of a Motorola 6800 chip with buffers
and control circuitry. It works according to the
program in IPL Memory and RWM. 4 )

It also permits a TSC mode for DMA, as well as hard-
ware and software interrupts.
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Initial Program Load-Memory, IPL-Memory

The IPL-Memory is a PROM area with a capacity of 4
kbytes. It contains all software for bootstrap loading
of

~ the flexible disk input/output superVisor,
- the communications handler, and
- the flexible disk handler

into the RWM-section.

RWM

The RWM has a capacity of max. 32 kbytes,

The Interrupt Logic supports interrupts from the
various system circuits such as the DMAC, ADLC, FDC
and generates an interrupt request to the MPU,

Address Decoder
The Address Decoders block consists of fuseable link
PROM:s, type MM6300 and 6330. They decode addresses
from the MPU or DMAC blocks and generate a chip select
signal to the addressed circuitry,

Direct Memory Access Controller, DMAC
The DMAC consists of a Motorola 6844 chip with buffers
and control circuitry for four DMA-channels. It is
working in the TSC mode (Three-state-control Steal) in-
volving that it "steals" cycle time from the MPU.

ADLC transmits or receives serial data on the two wire
line according to specifications provided by the commu-
nication handler. The transfer rate is 300 kbits per
second. ~

MIC PIA

The MIC PIA controls two interrupt functions (IRQ SOFT
and IRQ TIMER),

FDA PIA

The FDA PIA is used as an input/output port for control
signals from and to the FDD unit.

EE369-810
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The terminal has two FDCs type Western Digital 1771 or
National Semiconductors 1771 with buffers and control
circuitry,

Each FDC controls a flexible disk drive. The FDCs
support the following features

~ Reading/Writing IBM 3740 compatible diskettes
- Variable sector length
- CRC calculation

Flexible Disk Drive, FDD
The FDD can be of either a single-head or o double—
head type. It contains control logic for drive "
mechanism, head positioning mechanism and logic for )
the read/write functions. V

MICROPROCESSING UNIT, MPU

All circuit and signal names refer to the block diagram
on app. 1. The page can be folded out for easy refe-
rence. Functional descriptions of the MPU, PIA, ADLC,
and DMAC are provided in the "Microcomputer" chapter
(publication No. EE365-810) and in the manufacturer's
data sheets. The description below will cover the
application of these circuits in the particular FD4120
configuration. It will follow a block pattern con-
veniently arranged to suit the necessity of referring
to other documents.,

)
J
An introductory statement of the basic communication
routes will be made:
@ The Microprocessing Unit (MPU) communicates through -
memory read/write operations with ' ﬁ
- PROM
- RWM

- the control registers in the MIC PIA, FDA PIA,
FDC@/1, ADLC and DMAC circuits.

e The ADLC and FDC@/1 blocks communicate with Memory
through DMA controlled by DMAC,

The MPU works according to the program stored in the
PROM and that loaded into RWM through "power ON".
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The memory operations by which the MPU controls the
other circuits are carried out as follows:

The memory address and the opening signal VMA from the
MPU are decoded by the CS-PROMs which issue a chip
select signal (CS ROM, CS ADLC, etc) to the respective
circuit. The selected circuit decodes the address on
the A-bus, and with the R/W signal the MPU decides
whether data shall be read from or written into the
memory cell or register of the circuit.

Address Decoders

The Address Decoders are: CS-PROM1, CS-PROM2 and
CS-PROM3.

e CS-PROM1: decodes the addresses from MPU or DMAC,
when the VMA signal is present. It generates chip
select signals for the memories (RWM, ROM) or an
I/0 signal to CS-PROM2/3. See table below

Address from MPU or DMACI Chip Select
A15-A8 A7-AO signal (CS)
00 to 3F XX RWM1
40 to 7F XX RWM2
E8 to EF XX ROM
. F7 XX - 1/0
F8 to FF XX ROM

XX = don't care (decoded by the selected circuit)

e CS-PROM2/3: decode the memory address from the MPU
when the I/0 signal is present. They generate,

according to the table below, chip select signal
for the MIC PIA, FDA PIA, FDC@/1, ADLC or DMAC,

Address from MPU Chip select

A15-A8 | A7 A6 A5 A4 A3 A2 Al AO | signal (cs)
F7 0O 00 00 X X X DMAC
F7 0 0001 X X X DMAC
F7 0 0 01 0 X X X DMAC
F7 0O 001 1T X X X DMAC
F7 0O 01T 00 X X X ADLC
F7 0 01T 1 0 X X X FDC@
F7 O 01T 1 1T X X X FDC1

F7 0 1 00 0 X X X FDA PIA

F7 11 0 0 0 X X X 'MIC PIA
F7 T 11T 11 X X X TEST

X = don't care (decoded by the selected circuit)

EE369-810



Memorz

The RWM is built up of 2 x 16 kbytes dynamic
RWM.

The chip select signal CS RAM1 selects the first 16
kbytes located on the addresses 0000-3FFF, The other
16 kbytes located on the addresses 4000-7FFF is se-
lected by the signal CS RAM2,

The RWM is addressed by

P
e MPU
e DMAC
e Refresh counter rfE

The refresh and memory access multiplexing logic
together with the timing logic provide the memory
with

e Row address and row address strobe (RAS)

® Column address and column address strobe (CAS)
e Write strobe (WG)

The R/W signal from the MPU or DMAC sets the data
bus buffer to the memory in the output or input
state. When present as Write (W) it also opens for
the Write strobe.

PROM

The IPL memory is built up of 2 x 2 kbytes PROM. The
CS PROM signal is generated when the memory is ad-
dressed (read) by MPU or DMAC.

}
A

The A12 Bit (0/1) in the address selects the first 2
kbytes located on the addresses E800-EFFF or the second
2 kbytes on the addresses F800-FFFF,
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Organization
Hex INTERRUPT VECTORS TABLE
ADOH RESET FFFE, ¥
FFFF Non Magkable Intarrupt c,0
IPL ROM . Scftwore Interrupt 3 | AR
FB800 . Deafault Interrupt 8.9
F700 . -1 7 Pariph. IRQ Mi prl 6.7
! | " : 4,8 | Alternative
| 2,3 addresses
i IPL ROM b 14 " FFFO,1 | OlE8-O01F7
13 " rF
] | 170 (I gy
[} 1 ADDRESSES K 0 "'
! H [ FFED,9
! |
4 l- 1
{ F7FF
! |
! i
! 1
l | F700
JP d> Mic PIA Frco
| 1.
| |
| !
TFFF
18«6k
RWM
F750
FDA PIA F740
FOCI
FOCZ #730
ADLGC F720
DMAC
F700
3FFF
16K
’
L RWM
0000

Fig. 3. Memory map

The Interrupt vectors table, contains the start
addresses (vectors) for the Interrupt routines.
The I/O address table shows the address fields
used by the different blocks.
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DIRECT MEMORY ACCESS CONTROLLER, DMAC
The DMAC controls four DMA channels.

Channel 0 ADLC (transmit = read)
Channel 1T ADLC (receive = write)
Channel 2 FDC@ (read/write)
Channel 3 FDC1 (read/write)

The DMA operation for a channel can be divided into
two operations.,

1) Initiation )
2) Data Transfer

Initiation Aﬁ
The MPU selects the DMAC and initiates its different
registers as follows:
e The Address and Byte Count registers obtain

1. the address of the first byte to be read or
written in memory by ADLC or FDC@/1

2. the number of memory bytes to be read or written,

This information is entered according to the table below.

Address from MPU Data Bus
A15-A8]A7 A6 A5 A4 A3 A2 Al A0} D7-DO

0 00O 0 0O O O}JAddress (MsB)

g7 |0 0 0 0 0 0 O 1|Address (LsSB) 0 |
0000 O O 1 0Byte Count (MSB) )
0 000 0O 0 1 1|Byte Count (LSB)
0 0 00 001 0 O}jAddress (MsB)

F7 §0 0 0 0 0 1 O 1 |Address (LsSB) 1
0 000 0 1 1 0fByte Count (MSB)
0 000 0 1 1 1}|Byte Count (LSB)
0 000 1 0 0 O]Address (MsB)

Fg7 |0 0 0 0 1 0 O 1}]Address (LsB) 2
0 0001 0 1 OfByte Count (MSB)
00 00 1 0 1 1fByte Count (LSB)
0 000 1 1 0 OjAddress (MsB)

F7 |0 0 0 0 1 1 0 1fAddress (LsB) 3
0 00 01 1 1 OfByte Count (MSB)
0 00 01 1 1 1[ByteCount (LSB)

MSB = 8 most significant bits
LSB = 8 least significant bits



?

e The Channel control register is initiated according
to the table below with commands for the DMAC to

1. produce read (Dﬁ:]) or write'(D¢=¢) state on
the R/W line when addressing the Memory.,

2. operate in TSC steal mode (D2=1, D1=g),
3. count the memory address up (D3=@)/down (D3=1),

Channel Address from ’MPU : Data Bus

{ A15-A8] A7 A6 A5 A4 A3 A2 Al AO|D7 D6 D5 D4 D3 D2 D1 DO
0 F7 10 0 01 0 0 0 OfX X X Xo0/1 " 00/1
1 F7 {0 0 01 0 0 O 1}X X X Xo/1 0 0/1
2 F7 {0 0 01 0 01 OfX X X X0/t 1 00/1
3 F7 10 0 01 0 0 1 1}{X X X Xo/1 1 00/1

X = don't care

e The Priority register is initiated according to
table below with information

1. for the DMAC to refuse (Dﬁ—DS:ﬁ) or accept
(DP-D3=1) a transfer request (TXRQ) from a
channel,

2. that specifies the prioiity chain for the
" channels to 0, 1, 2 and 3 (D7=¢).

y
N

lchannel Address from MPU Data Bus
annelian15-A8JA7 A6 A5 A4 A3 A2 Al AO|D7 D6 D5 D4 D3 D2 D1 DO

0-3 F7 o o o1 0 1.0 ofo X X X 0/10/10/10/1

X = don't care .

EE369-810
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© The Interrupt Control register is initiated with an
order for the DMAC to generate an Interrupt Request
(IRQ) when the DMA for the respective channel is
ended (DEND),

The following programming applies:

(Channel 0 = DO, Channel 1 = D1 etc).
("1"=Enables interrupt, "O"=no interrupt)

c Address from MPU Data Bus
hannell 15_ag1A7 A6 A5 A4 A3 A2 A1 AO | D7 D6 D5 D4 D3 D2 D1 DO

03] F7 Jo 0 0 1 0 1 0 1 QX X X X 0/10/10/10/1

X = don't care

@ The Data Chain register is initiated with an order
for DM?C to operate in four channel mode (DO = O,
D3 = 1).

Address from MPU Data Bus
Channelf 15 agiA7 A6 A5 A4 A3 A2 Al AO | D7 D6 D5 D4 D3 D2 D1 DO

0-3 F740 0 0 1 0 1T 1 OfX X X X 1 0 0O O

X = don't care

Transfer

ans

After initiation, DMAC is prepared to receive the trans-
fer request (TXRQ) from ADLC or FDC@/1. The arrival of
TXRQ will trip off the following sequence of events:

e A DMA request (DRQT) is sent to the "stretch" block. 3$
This block returns two signals, the Isolate MPU and t)
the GRANT,

® The Isolate MPU sets the MPU in the TSC Steal mode
by"stretching"the clock signal @1 and @2 to the MPU.
It also sets the address and data buses from the MPU
in a high impedance state to enable the DMA,

e The GRANT signal goes to the DMAC, giving it control

of the address bus and the data direction line
(R/W C BUS).
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DMAC then produces the signals TxAKA, TxAKB and
TxSTB. A combination of the signals TxAKA and TxAKB
generates a CS signal to the block that issued TxRQ,
This is done according to the table below.

TxRQ on channel | CS/TxAKB | TxAKA | CS to
- 0=ADLC (trans) 0 0 ADLC
1=ADLC (receive) 0 1 ADLC
2=FDC@ 1 0 FDCG
.3=FDC1 1 1 FDCI

The TxSTB serves as a strobe signal for the following
purposes: '

1. to open for the CS signal to ADLC or FDC@/1.

2. to set the selector connected with the ADLC in
DMA mode. The ADLC (if selected) will then read

or write in Memory under the control of DMAC.

3. to open for the RE or WE signals to the FDC@/1,
The FDCB/1 (if selected) will then read or write
in Memory under control of DMAC,

4, to generate, together with Isolate MPU,‘a VMA
signal for the CS PROMI,

From CS PROM1 comes an enable signal to the
memory area addressed from the DMAC.

A data byte is then transferred between ADLC
or FDCP/1 and memory.

After each transfer of a data byte DMAC investi-
gates if the initiated number of bytes (in byte
count reg.) have been transferred between the
memory and the unit which requested DMA. If not,
the DMAC waits for a new TxRQ from the unit.

When the transfer of the whole message is completed a
DATA END (DEND) signal will be issued from the DMAC.

This signal and the absence of the GRANT signal will
cause an interrupt request (IRQ DMA) to the MPU and
the DMA is ended.
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TWO-WIRE INTERFACE

Advanced Data Link Controller, ADLC

The ADLC is the link between the memory of the FD unit
and the 2-wire line. It works with direct access to
Memory under control of DMAC. Hence DMAC must be ini-
tiated before the ADLC can request a DMA,

The operation of ADLC comprises three phases:

@ Initiation
® Reception

@ Ilransmission

Initigtion
ADLC contains four Control registers. When power is
switched on, Control Register 1 is initiated by the
MPU as follows:

Address From MPU Data Bus
A15-A8 A7 A6 A5 A4 A3 A2 Al AO{D7 D6 D5 D4 D3 D2 D1 DO

F7/ {0 01 0 0 0 0 0j1T 1 0 0 OO0 O 1

Bit Significance

DO=1 Provides the internal Address Control (AC)
signal which will be used in conjunction with
AO, Al to address control registers 3 and 4.

D6=1 | Keeps the receiver section of the ADLC in the
Reset state.

D7=1 | Keeps the transmitter section of the ADLC in
the Reset state.

@ Control register 3

Control register 3 is initiated as follows:

Hex Address from MPU AC Data Bus
A15-A8|A7 A6 A5 A4 A3 A2 Al AO|from reg 1{D7 D6 D5 D4 D3 D2 D1 DO

F7 {0 01 0 0 0 O 1 1 1 00000 00O

)
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Bit Significance

DO=0 | The word length within the Information Field
: in a frame is defined in Control Register 4.

D1=0 | The Control field of the frame is assumed to
be 8 bits wide.

D2=0 | All eight bits in the Address field of the
frame will be used for addressing the ADLC,

ID3=0 | The ADLC will generate consecutive 1's in the
Transmission IDLE state or give an interrupt
¢ after reception of 15 or more consecutive 1's,

D4=0 | No indication when the Flag in the frame is
received. ‘

D5=0 | The ADLC operates in the point-to=point
communication mode (Non-Loop-mode).

D7=1 The Data Terminal Ready (DTR) output indicates
that the terminal is ready.

e Control register 4 is initiated as follows:

Address from MPU AC Data Bus
A15-A8]A7 A6 A5 A4 A3 A2 Al AO|from reg 1{D7 D6 D5 D4 D3 D2 D1 DO
F7 001 000 11 1T oo 01T 11 11
! Bit | Significance

DO=1 Seporute opening and closing flags will be
transmitted successively.

D1 and D2=1 | The word length within the Information field
is 8 bits when ADLC is transmitting.

ID3 and D4=1 | The word length of the Information field in
a frame received by the ADLC shall be 8 bits.

D5 and D6=0 No abort conditions used.

D7=0 | The transmit/receive data format is NRZ,

EE369-810
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Reception

After initiation the MPU will set the ADLC in reception
mode through programming Control Register 1 as follows:

Address from MPU Data Bus
A15-A81A7 A6 A5 A4 A3 A2 A1 A0 | D7 D6 D5 D4 D3 D2 D1 DO

F7 1o o1 0o 00001 00OT1TO0OT1O

Bit Significance

DO=0 | No internal Address Control signal (AC).
Di=1 Enable Interrupt Request (IRQ) from the re-
ceiver section, Permits error indication

during reception.

D3=1 Sets the ADLC in Receiver Data Service Request
(RDSR) mode.

D6=0 Removes the reset condition from the receiver
section. '

D7=1 | Keeps the transmitter section reset.

e ADLC is now prepared to receive data on the RxD in-
put.

@ When the first data byte of a frame has been recei-
ved and is available in the receiver data register
(RxData FIFO), ADLC generates the signal RDSR as a
transfer request (TxRQ) to the DMAC.

@ The DMAC then takes over the control of ADLC (see
DMAC, chapter "Transfer").

e The DMAC generates a Read signal and an address
(RS=1 and RS@=0) which select the receiver data
register, ‘

@ The Read signal also sets the data output buffer
into the Out state.

@ The data byte is then transferred from ADLC to the
memory position pointed out by DMAC., ADLC removes
the RDSR signal.

@ The next data byte in the frame will cause a new
transfer request.

%
L
e

o
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The loop described above will continue until the
ADLC receives the End Flag.

The DMAC will then generate an IRQ (see DMAC section
Transfer) to the MPU, and the DMA transfer is ended.

Alternatively, the DMA transfer can be terminated by
an IRQ from ADLC,

An IRQ from ADLC would be caused by an error in the
reception (framing error, IDLE, receiver overrun
etc). '

After a frame has been received, the MPU will decode
its contents., During this operation both receiver
and transmitter parts of ADLC are kept in the reset
state by the MPU,

Transmission

The MPU sets the ADLC in transmission mode through pro-
gramming the control registers as follows:

Control register 1

A15-A8]A7 A6 A5 A4 A3 A2 Al AO | D7 D6 D5 D4 D3 D2 D1 DO

Address from MPU Data Bus

F7 0 01 0 0 00O§O0T1T OT1O0OT1O0GO0

Bit ’ Significance

DO=0 | No internal Address Control signal (AC).

D2=0 | Enables Interrupt Request (IRQ) from the trans-
D4=1 Sets the ADLC in Transmitter Data Service Re-

D6=1 | Keeps the receiver section reset.

D7=0 Removes the reset condition from the transmitted

mitter section,

quest (TDSR) mode.

section.

ocLLaL

Control register 2

A15-A8]A7 A6 A5 A4 A3 A2 A1 A0 | D7 D6 D5 D4 D3 D2 D1 DO

Address from MPU Data Bus

F7 |0 01 0 00 0 11 00 0O O0OO0OO

EE369-810
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Bit Significance

D1=0 | Single byte data transfer,

D2=0 | Bit by bit Mark Idle (1's) for the IDLE state
in transmission,

D3=0 TDRA status.

D7=1 Activates the Request to Send (RTS) output
from ADLC,

The DELAY block responds to the send request (RTS)
with "Clear to Send" (CTS).

CTS together with the condition TDSR (in status
register 1) will cause the signal TDSR (TxRQ from
ADLC to DMAC),

The DMAC responds to the transfer request (see DMAC
section "Transfer") by generating a Write signal
and a "Frame Continue" address (RS1=1 and RS@=g)
which selects the transmitter data register in ADLC.

The Write signal also sets ADLC input buffer in the
In state.

The first data byte is then transferred from Memory
(addressed by DMAC) to the transmitter data register
in ADLC, and the TDSR signal is removed.

When the ADLC is prepared to receive another data
byte for the frame it again generates a TDSR signal
as a transfer request to DMAC,

The loop described above will continue until the
DMAC indicates that all bytes have been transferred
(see DMAC, section "Transfer"),

When ADLC receives the "Frame terminate" address
(RS1=1 and RS@=1) from DMAC it knows that the data
byte received is the last to be transmitted. After

the End Flag has been transmitted the frame is ter-

minated and the ADLC goes into the Mark IDLE state
sending consecutive 1's),

DMAC sends an IRQ to the MPU and the DMA transfer is
ended.,

If an error (underflow) occurs during transmission,
the ADLC sends an IRQ to the MPU, and the frame is
terminated.
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Modulator/Demodulator

e Modulation (see description of Display Unit EE360-810).
® Demodulation (See the same description).

FLEXIBLE DISK INTERFACE

FDA PIA

The FDA PIA is programmed by the MPU during system
initialization as follows:

( e Control registers (CR)

" Control . Address from MPU Date Bus

{” register|A15-A8)JA7 A6 A5 A4 A3 A2 Al AO| D7 D6 D5 D4 D3 D2 D1 DO
A F7 JO1 0 0 0 0 0O 1T)X X X X X 0 X X
B F7 901 0 0 0 O 1T T ¢ X X X X X 0 X X

X = Q§H{£’cdre
Bit Significance

D2=0 | Selects the Data Direction Registers when the

proper register select signals are applied to
RSP and RST, '

e Data Direction Registers (DDR)

. Data Address from MPU CR Data Bus
{"' Direction .
Register | A15-A8]JA7 A6 A5 A4 A3 A2 Al AO|bit 2|D7 Dé D5 D4 D3 D2 D1 DO
A F7 01 00 00 00O 0 0 01 1 1,1 0 O
B F7 101 0 0 00 1.0 oOfoo0o 111111

In the table each D-bit on the "A" row represents a
data line on the PA7-PAO bus. The bit value defines
the direction of the information flow; O for input
and 1 for output.

Similarly, bit values on the "B" row control direction
of flow on the PB7-PBO bus.

After initiating the DD registers the MPU will set bit
D2 in the Control registers to "1". This enables the

MPU to address the Peripheral Interface Registers in
FDA PIA,

EE369-810
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Peripheral Interface Register A

This register serves as an interface for the func-
tions described in the function table below and is
addressed as follows:

Address from MPU CR
A15-A8| A7 A6 A5 A4 A3 A2 Al AO|bit 2{D7 D6 D5 D4 D3 D2 D1 DO

Data Bus

F7 10 1

0 0 00 00O 1

See PA7-PAO in the table
below (D7=PA7, D6=PA6 etc)

Note:. The R/W-signal controls the direction éIN =1;

OuUT=0

PA | Signal name ?i::c;égg Function if = T‘ Function if = O
0 | Strap Cond # IN Initicl loading of the | Initial loading of
. FD-unit from the two- the FD-unit from the
wire (Not strapped). diskette (strapped).
1 | Strap Cond 1 IN Not used. Not used.
2 | Ready ouTt The Ready LED on the The Ready LED ex~
FD 4120 front lights. tinguishes.
3 | Door Unlock ouT The door unlock magnet | The door unlock magnet
Drive is not active (the LED | is active (the LED on
on the FDD is not lit).| the FDD is lit).

4 |Write Fault ouT Inactive. Resets the write fault
Reset flip flop in the FDD,
(Drive )

5 |Head Select ouT Selects head 1 Selects head 0

Drive (if two heads). alsoc for a drive
with one head).

6 | Drive Connec~ IN Drive not connected. Drive connected,
ted (Drive ﬁ)

7 | Disk Type IN Double sided. Single sided.

(Drive &)

S
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e Peripheral Interface Register B

This register serves as an interface for the function
described in the function table below and is addres-
sed as follows:

1
Address from MPU CR Data Bus

s,

A15-A8 A7{A6 A5 A4 A3 A2 Al AOfbit 2]D7 D6 D5 D4 D3 D2 D1 DO

F7 01 0 0 0 O

1 0 1

See PB7~PBO in the table
below (PB7=D7, PB6=Dé6 etc.)

Function Table

lDirection
PA Signal name {(see DDR) Function if = 1 Function if = 0O
0 Bit 0 *) ouT The ERROR 1 LED on the | The ERROR 1 LED
: FD4120 front lights. extinguishes,

1 Bit 1 *) dUT The ERROR 2 LED on the | The ERROR 2 LED
. FD4120 front lights. extinguishes.

2 Bit 2 *) ouT The ERROR 3 LED on the |The ERROR 3 LED

FD4120 fron lights. extinguishes.

3 Door Unlock ouT The door unlock magnet | The door unlock

(Drive 1 N is not active. (The magnet is active.
LED on the FDD is not | (The LED on the
1it). : FDD is lit).

4 MWrite Fault ouT Inactive. Resets the Write
Reset . Fault flip flop
(Drive 1) in the FDD,

5 Head Select ouT Selects head ] Selects head O

© (Drive 1 (if two heads). also for a drive
with one head).

6  Drive Connec= IN Drive not connected Drive connected
ted (Drive 1)

7 Disk Type IN Double sided Single sided
(Drive 1)

EE369-810

The different combination of bits 0-3 and their
meaning 1is described in chapter FDC¢/T section
"Error Messages".
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Flexible Disk Controller, FDC@/1

The tables below describe the Input and Output signals
covered by the designation "CONTROL" in the Block

diagram,
Ingut

Signal Name Abbrz., Function

External Data Y05 Tied to O V. The composite serial

Separator data from the FD drive is separated
externally.

Write Protect WPRT When active indicates that the
diskette is write protected. It
terminates a Write command.

Write Fault WF When active indicates that logic
in the FD drive has discovered a
fault in the writing process (see
manual for the FD-drive). The
Write command is terminated.

Index Pulse hiz Becomes active whenever an index
mark is encountered (once per re-
volution) on the diskette.

Track 00 TROO Becomes active when the Ready/

‘ Write head is positioned over
track 00 of the diskette.

Ready Ready When active indicates that the
FD drive is ready for a Read or
Write operation. When active
the Read or Write operation
cannot be performed and an IRQ
is generated,

Three-Phase PN Tied to +5 V. The step direction

Motor Select motor control interface in the
FDCP/1 is used to control the
FD drives. (Outputs PHT/STEP
and PH2/DIRC).

Z;i:;inltlull_ DINT Tied to +5 V. No function.

Test TEST Tied to +5 V. No function.

Y
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Function

Composite data (both clock and
data bits) to the FD drive.

Active when the diskette is to
be written.,

When active during a Read or
Write operation, informs the FD
drive that the Read/Write head
is positioned between tracks 44
and 76 (see FD drive manual).

Used as STEP (see INPUT 3PM)
line for control of step motor
in the FD drive.:

Used as DIRC (see INPUT 3PM)
line for telling the step motor
the direction of a STEP (high =
step in, low = step out).

OQutput
Signal Name Abbr.
Write Data WD
Write Gate WG
Track Greater
Than 43" 1643
Three Phase
Motors/Step Eﬁg{
Control Line
Three Phase -
Motors/Direction E?gé‘
Control Line

Registers

The MPU Controls‘(reuds/writes) the Status, Command,

Track, Sector, and Data registers of the FDC@/

1. When

a DMA is initiated the DMAC controls the Data register.
The address, contents and function of each register are
described below.

e Command r

This 8-bit register holds the
The addressing and
register are described in the

executed,

egister (CR)

- Addressing

the commands to the
tdables that follow:

-

FDC Address from MPU WE Data Bus
A15-A8JA7 A6 A5 A4 A3 A2 Al AO|*) D7 D6 D5 D4 D3 D2 D1 DO
0 F7 0 01 1 00 0 0}1 [Command (see table below)
1 F7 0061 11 0 00O

1 {Command (see table below)

*)  The WE=1 is generated by the MPU through setting
the R/W in the Write state.

EE369-810

command presently being
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-~ Commands

The commands accepted and executed by the FDC@/1
are of four types (I-IV). When ever a command

is being executed the Busy status bit is set in
the Status register. When a command is completed
or an error condition accurs during execution, an
interrupt request (IRQ) to the MPU is generated
and the Busy status bit reset.

Type 1
Each of the Type 1 commands contains bits with a

certain function., Those bits are marked with a
letter and explained after the table.

Command 7 2°§a48552b?t0 Function

Restore
(Seek Track 0) 0000h vrlz0 Upon receipt of this commond, the Track 00 (TROD)
input is sampled. If is active (indicating
the Read/Write head is positioned over track 0),
the Track Register is loaded with zeros and an
interrupt is generated. If TROO is not active,
stepping pulses at a rate specified by the rl r0
field (bits O ond 1) are issued until the
input is active. At this time, the Track Register
is loaded with zeros and an interrupt is generated.
If the TROD input does not turn low after 255 step-
ping pulses, the FDCH/1 gives up and interrupts
with the Seek Error status bit set,

Seek 0001 hvrlx0 This command assumes that the Track Register

' contains the track number of the current position
of the Reud/inte head and that the Data Register
contains the desired track number. The'FDCB/l
will vpdate the Track Register and issue stepping
pulses in the appropriate direction until the con-
tents of the Track Register are equal to the con-
tents of the Data Register. An interrupt is gene-
rated ot the completion of the command.

Step IN 010uhvrelx0 Upon receipt of this command, the FDC@/1 issues one
stepping pulse in the direction towards track 76.
An interrupt is generated at the completion of the
command.

Step ouT 011unvrl 0 Upon receipt of this command, the FOCE/1 issves

ona stepping pulse in the direction towards track 0.
An interrupt is generated ot the completion of the
command.

Step *) 001 uvhvrlx0 Upon receipt of this command, the FDC/1 issues one
stepping pulse O the floppy disk drive. The stepping
motor direction is the same as in the previous step
command. An interrupt is generated ot the completion
of the command.

*) Not used in the FD handler program,

N
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@ h = head load (D3)
h =[1], the head is to be loaded at the beginning
of the command,
h= 0, HLD signal generated (see Head Load Timer).

used in the FD handler program.

verify (D2)

V .

[]

1],

verify the last track. The track address
of the ID field is compared with the Track
register, If there is a match and a valid
ID CRC the verification is complete and an
interrupt generated. If there is not a
match the Seek Error is set in the Status
Register and an interrupt generated.

No verify.

used in the FD handler program.

e rl, r0 = stepping motor rate (D1, DO)

Progfcmmable depending on FD drive‘type.

rl r0 | Rate

0 0] 6 ms
0 1 6 ms
1 0 10 ms
1 1 20 ms

up date (D4)

EE369-810

1,

(o],

Track Register is updated by one for each
step.

Track Register is not updated.

used in the FD handler program.
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Type II

Each of the Type II Commands contains bits with

a certain function depending on their value. Those
bits are marked with a letter and explained after

the

table.

Command

Data bus bits
7654321 0

Function

Read Command

Write Command

1T00mbEOO

101 mbEal a0

Upon receipt of this command, the Read/Write

head is loaded. Then, when an ID field is en-
countered that has the correct track number,
correct sector number, and correct CRC, the

data field is inputted to the memory. The

Data Address Mark of the data field must be

found within 28 bytes of the correct ID field.

If not, the Record Not Found status bit is set
and the operation is terminated. When the first
character or byte of the data field has been
shifted through the Data Shift Register, it is
transferred to the Data Register and a Date
Request (DRQ) output is generated, When the

next byte is loaded into the Data Shift Re-
gister, it is transferred to the Data Register
ond another DRQ output is generoted, provided
that the DMAC has previously reod the Dato Re-
gister. If one or more character are lost, the
Lost Data status bit is set. This sequence
continuves until the dsta field has been inputted
to the memory. If there is o CRC error in the
doto field, the CRC Error stotus bit is set, and
the commond is_terminated (even if it is a multiple
zecord command). At the end of the operation, the
type of Data Address Mark encountered in the data
fielg is recorded in the Status Register (bits 5
and 6).

Upon receipt of this command, the Read/Write head
is loaded (HLD active). When an ID field is en-
countered that has .the correct trock number,
correct sector number, and correct CRC, a DRQ
output is generated. The FDCE/1 counts off 11
bytes from tne CRC field and the Write Gate (WG)
output is made active if the DRQ is serviced

i.e., the Pata Register has been loaded by the
memory. If DRQ has not been serviced, the
command is terminated and the Lost Data stotus
bit is set. If the DRQ has been serviced, the
WG is made active and six bytes of all Zero leve
levels are then written on the diskette. At
this time, the Data Address Mark is then written
on the diskette, os determined by the alaQ field
(bits 0 and 1).

The FDCP/1 then writes the data field by gene-
rating DRQ outputs to the computer. If the DRQ
is not serviced in time, the Lost Data status
bit is set and o byte of zeros is written on
the diskette. The command is not terminated.
After the last data byte has been written on
the diskete, the two-byte CRC is computed in-
ternally and written on the diskette followed
by one byte of all One levels, WG is then

made inactive,

~
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Multiplex Record (D4)

® m =
m= O,
m=11,

[ ]
o
1

Block

a single sector is read or written and an
interrupt is generated at the completion
of the command.

multiple records are read or written with
the Sector Register internally updated so
that an address verification can occur on
the next record. The FDC@/1 continues to
read or write multiple records and update
the Sector Register until the Sector Re-
gister exceeds the number of sectors on

the track or until the Force Interrupt
command is loaded into the Command Register.
When either of these occurs, the command is
terminated and an interrupt is generated.

used in the FD handler program.

Length (D3)

EE369-810

No IBM format. The value in the Sector
Length Field on the diskette multiplied
by 16 determines the number of bytes in
the sector or data field as shown below:

Sector Length | Number of Bytes
Field (hex) lin Sector (decimal)

01 16

02 32

03 48

04 64

® e

® ®

e ®

FF 4080

00 4096

IBM format. The value in the Sector Length
Field on the diskette determines the length
(number of characters) of the sector as
shown below:

used in the FD handler program.
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Sector Length
Field (hex)

Number of Bytes
in Sector (decimal)

00
01
02
03

128
256
512
1024

m
1

Enqble HLD & 10 ms delay (D2)

m
!

0 , the head is assumed engaged when the

command is given,

E = [E:, HLD signal is made active and HLT

(signal) input is sampled after an

internal delay (see Head Load Timer).

= used in the FD handler program.

al a0 = Data Address Mark (DAM) (D1, DO)

ala0 determines the DAM code to be written on the

diskette as follows:

al a0 | Data Mark (hex) | Clock Mark (hex)

0 0 FB
0 1 FA
1 0 F9
1 1 F8

c7
Cc7
c7
c7

= used in the FD handler program.

L

S
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Type III

The Read Track command in this group contains a bit

with a certain function depending on the value, This
biglis marked with a letter and explained after the

table.

Daota Bus bits
Command 76543210 Funetion

Upon receipt of this commond, the head is loaded.

e next encountered ID field is then read in off
tho diskette, and the six data bytes of the ID field
ore assembled and transferred to the Data Register,
ond @ DRQ output is generated for each byte.

- Although the CRC characters ore inputted to the
Read Address 11 1000100 memory, the FCO/1 checks for validity and the CRC
Erzror status bit is set if there is a CRC error.
The Sector Address of the I field is written into
the Sector Register. At the end of the operation,
an interrupt is generated.

Upon receipt of this command, the head is loaded.
Reading starts with the leading edge of the first
;ﬁountored ingex natkband cantinue; ugtil the next
: ex pulse. . As each by e is assembled, it is trgns-

Read Track 1110010 5 forred to the Data Register and the Data Request (DRQ)
output is generated for each byte. No CRC checking is

rformed, Gaps are included in the input dote stream.

n completion of the command, the interrupt is ac-
tivated.

Upon. receipt of this command, the head is loaded.
Writing staorts with the leading edge of the first
encountered index pulse and continues until the
next index pulse, at which time the interrupt is
activated., The Data Request output is activated
. immediately upan receiving the command and writing
Write Track 11110100 does not start until after the first byte has been
loaded into the Dotc Register. If the Data Register
has not been loaded by the second index pulse, the
operation is terminated. This sets the Not Busy and
Lost Dota status bits, and octivated the interrupt.
If o byte is not present in the Data Register when
neaded, ‘o byte of zeros is substituted. Address
Marks and CRC characters are written on the diskette
by detecting certain data byte patterns in the out-
ing datc streom as shown above, The CRC generator
g: initialized to oll Ones when any data byte from
F8 to FE is about to be transferred from the Data
Register to the Doto Shift Register.

Synchronize (DO)

0 the acqumulaticn of bytes is synchronized to
each Address Mark encountered.

w oul v
1

1 Do not synchronize to AM,
[:]: used in the FD handler program,

EE369-810
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Type IV

This command contains bits with a certain function
depending on the value. Those bits are marked with

a letter

and explained after the table,

Command 7 6Dgt2 guszbi$s 0 Function
This command can be loaded into the
Command Register at any time. If
there is a current command under
Force 11011 I.1.1 execution, the command is terminated
Interrupt 37271 "0 and an interrupt is generated when
the condition specified in the IO
through 1, field (bits O through“3)
is detecteéd. Mote than one condition
may be specified.
® In = Interrupt condition (D3-D0),
I,-I.= 0 No interrupt request is generated; but
370 . .
the current command is terminated.
IO = Interrupt when: Not Ready to Ready Transition.
I] :[:] Interrupt when: Ready to Not Ready Transition.
12 = 1 Interrupt when: Index pulse detected.
I3 = 1 Interrupt every 10 ms,
[:]: used in the FD handler program.
e Status Register

This 8-bit register holds device Status information

which is a function of the contents of the Command
Register. The meaning of each status bit and the
addressing of the register are described in the
tables below.
~ Addressing
FDC Hex address from MPU RE Data Bus
A15-A81A7 A6 A5 A4 A3 A2 Al AQ| * D7 D6 D5 D4 D3 D2 D1 DO
[} F7 0O 01T 1 0 O 0 Of1 ] S7-S1 see table below
(57=D7, S6=D6 etc.)
1 F7 J0 01 1 1 0 O O}f1} S7-S1 see table below

(S7=D7, S6=D6 etc.)

*) The RE="1" is generated by the MPU through setting
the R/W CBUS in the Read state.
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Table  Status Register Summary

Commands

8it All Type i Read ) ) ‘Read T Write

Commands Address Read Track Write Track
S7 Not Ready Not Ready Not Réady Not Ready Not Ready Not Ready
S6 Write Protect 0 Record Type o Write Protect Write Protect
S5 Head Engaged o . Record Type 0 Write Fault Write Fault
S4 Seek Error tD Not Found Record Not Found 0 Record Not Found 0
83 CRC Error CRC Error CRC Error ‘] CRC Error o]
S2 Track 0 Lost Data Lost Data Lost Data ;.ost Data Lost Data
81 Index DRQ DRQ DRQ DRQ DRQ
S0 Busy Busy Busy Busy Busy Busy

STATUS FOR TYPE | COMMANDS

BIT NAME
S7 NOT READY

S6 PROTECTED
S5 HEAD LOADED

S4 SEEK ERROR

S3 CRC ERROR
S2 Track 00
S1INDEX

SO BUSY

MEANING

This bit when set indicates the drive is not ready. When reset it indicates that the
drive is ready. This bit is an inverted copy of the READY .input and logically
‘ored” with MR.

When set, indicates Write Protect is activated. This bit is an inverted copy of WRPT
input.

When set, it indicates the head is loaded and engaged. This bit-is a logical “'and”
of HLD and HLT signals.

When set, the desired track was not verified. This bit is reset to 0 when updated.

When set, there was one or more CRC errors encountered on an unsuccessful
track verification operation. This bit is reset to O when updated.

When set, indicates Read Write head is positioned to Track 0. This bit is an in-
verted copy of the TROO input.

When set, indicates index mark detected from drive. This bit is an inverted copy

" of the IP input.

When set command is in progress. When reset no command is in progress.

STATUS BITS FOR TYPE Il AND ill COMMANDS

BIT NAME
S7 NOT-READY

S6 RECORD TYPE/
WRITE PROTECT

S5 RECORD TYPE/
WRITE FAULT

S4 RECORD NOT
FOUND
S§3 CRC ERROR

52 LOST DATA

S1 DATA REQUEST

S0 BUSY

EE369-810

MEANING

This bit when set indicates the drive is not ready. When reset, it indicates that the
drive is ready. This bit is an inverted copy of the READY input and ‘ored’ with
MR. The TYPE |l and || Commands will not execute unless the drive is ready.

On read Record: In indicates the MSB of record-type code from data field address

mark. On Read Track: Not Used. On any Write Track: It indicates a Write Protect.

This bit is reset when updated.

On Read Record: It indicates the LSB of record-type code from data field address
mark. On Read Track: Not Used. On any Write Track: It indicates a Write Fault.
This bit is reset when updated.

When set, it indicates that the desired track and sector were not found. This bit is
reset wheh updated.

I S4 is set, an error is found in one or more ID fields; otherwise it indicates error
in data field. This bit is reset when updated.

When set, it indicates the computer did not respond to DRQ in one byte time.
This bit is reset to zero when updated.

This bit is a copy of the DRQ output. When set, it indicates the DR is full on a
Read operation or the DR is empty on a Write operation. This bit is reset to zero
when updated.

When set, command is under execution. When reset, no command is under execu-
tion.
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e Track register (TR)

This 8-bit register holds the track number of the
current Read/Write head position.
the register are compared with the recorded track
number in the ID field during disk Read, Write

and Verify operations,

or written in by the MPU,

The contents of

The Track register is read

FDC Address from MPU RW WE [Data bus
A15-A8|A7 A6 A5 A4 A3 A2 AT AO[(*) (*)]| D7-DO

[} F7 10 01 1 0 0 0 110 1 X

1 F7 O 01T 11T 0 0110 1 X

[ F7 |0 01 1 0 00 111 o X

1 F7 O 01 1T 1T 0 0 111 0 X
(*) = The RE/ME signals are generated by the MPU through

setting the R/W in the Read or Write state.
X = Track number (ex 10 decimal = OA, hex),

e Sector register (SR)

This 8-bit register holds the address of the desired

sector position.
compared with the recorded sector number in the ID

field during disk Read or Write operations.

The contents of the register are

The

Sector Register is read or written in by the MPU,

FDC Address from MPU RE WE IData bus
A15-AB|A7 A6 A5 A4 A3 A2 A1 AO|(*) (*)| D7-DO

[/ F7Z {10 01 1 0 01 0{0 1 X

1 F7Z 10 01 11 01 olo 1 X

[ F7 10 01 1 0 01 01 o X

1 F7Z 10 01T 1 1 01 0f1 o X
(*) = See above

X = Sector number (ex 15 decimal = OF hex)
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® Data register

This 8-bit register holds the data during disk Read
or Write operations., It can be addressed both from
the MPU and the DMAC (during DMA operations),

Address from MPU * * Data Bus
FOC Y A15-agyA7 A6 A5 A4 A3 A2 AT AojRE YE| D7 po
4] F7 0 01t 1. 0 0 1 10 1 X
11 F7 o 0.1 1 1 0 1 140 11 x
'] F7 {0 01 1 0 0 1 141 o X
1 F7 400 1 11 01 141 o X

¥ = The Isolate MPU signal will replace Al and AO
during DMA,
X = Data

Data_Transfer
On receipt of the interrupt from the Seek command sent
to the FDCH/1 the MPU checks the Status register to
see that no error has occurred. If no error exists,
the head is placed on the right track and the MPU can
send a Read or Write command. The buffer start address
and the number of bytes to be read or written etc. must
be initiated in DMAC (see DMAC section "Initiation").
When DMAC receives the DMA request (DRQ) on the Write
or Read command (see commands) from the MPU to the
FDC@/1, it takes control of the data transfer, (see
DMAC section "Transfer"). On receipt of the IRQ from
DMAC (DMA ended), the MPU terminates the Write command
in FDC@/1 by sending the Force Interrupt command.

An error during start up or Initial Program Load (IPL)
is indicated on the ERROR-LEDs as follows:

ER§0R EREOR ER$OR ERROR Message

No Error

CRC Error PROMI

CRC Error PROM2
Data Error RAM

Time out (FDC-chip)
Not Ready (FD-drive)

Read Error (Address,
Vol. Label, VTOC

1 1 1 No sysbot read sysbot

— = — O O O O
- O O = = O O
o - O = O — O

EE369-810 -



32

Data/Clock Separator

A synchronization field is used to determine which out-
put is to be the data output and which is to be the
clock output when reading the sector that follows. The
data characters of the sync field are all zeros, hence
pulses obtained when reading the field are known to be
clock pulses. Using this indication IC1771 allocates
data/clock status to the outputs 53:3 and 53:6.

Sync. field - Data/Id.field |
C C Cc D C D ¢C
Read Data _ﬁ | N i [!_
Data Windowso/13 —14 L1 L1 L4
Separated Clock ._ﬂ I I ﬂ JL
Separated Data _ﬂ ﬂ

Fig. 4. Read data separation into data and clock

. The Data Window defines the space of time in which the
consecutive data pulse is to appear. The data window
is generated by counters 49 and 50 which are loaded by
each arriving Read Data pulse.

D

C C
Read Data 1 | | N fi IL

04 2,08us - 2,08 -

25 ; \
Space for Space for
Data pulse Clock pulse

AT S N I I I R S

Fig. 5. Data window

o~
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Head Load Timer

The Head load timer block consists of a progrqmmable
timer (type MC14536), and the delay time is program-
med (as 2") in the strapping field connected to the
inputs A-D as follows:

~ Inpupt | Delay
DCBA n
0000 9
0001 10
0010 11
0011 12
0100 13
0101 14
0110 15
fo111 16 |
1000 17
1001 18
1010 19
1011 20
1100 21
1101 22
1110 23
1111 24

The clock frequency to the chip is 0.5 MHz (2 ps).
‘This results in the programmable head load time of

-6 n=1
2+ 10 .« 2

When the timer receives the HLD signal it starts
counting. It will count up to the programmed value
in the strapping field and then generate a signal at
the "Decode out! output. This signal stops the timer
and combined with the signal HLD generates the signal
HLT.

When HLT is active, the Read/Write head is assumed to
be engaged against the diskette. The HLT input is
sampled in the FDC@/1 after each 10 millisecond in-
ternal delay.

EE369-810
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INTERRUPT HANDLING

See "Microcomputer" chapter (Reg. No. EE356-810).

Interrugts

® Reset
e MNMI
e SWI
e IRQ

|

An active low Reset pulse is generated at
power on. This Reset signal is used to
reset circuits throughout the system and to
initialize the MPU, The MPU will fetch con-
tents of cells FFFE and FFFF in the Inter-
rupt Vectors Table (see Memory) to the pro-
gram counter when Reset is deactivated.

i

Non-maskable interrupt may be generated
either from the test unit MCP (Micro-
processor control panel) or from the NMI
Switch located on the FDA board. The switch
can be reached from outside (bottom right
corner of the FD-unit).

The MPU will fetch the contents of the cells
FFFC and FFFD in the Interrupt Vectors Table
to the program counter.

The program may test the source of NMI by
reading the MSB of the Peripheral Interface
Register A in the MIC PIA,

Software interrupt is an MPU instruction
(see MPU description) and the MPU will fetch
the contents of cells FFFA and FFFB in the
Interrupt Vectors Table.

The eight interrupts that use the IRQ line
are described below.

L
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Interrupt Register

FPLA

The interrupt register latches the 1logic value of the
IRQ:s listed below and generates the I7-I0 signals to
the FPLA,

IRQ

SOFT *)
TIMER *)
Not used
Not used
ADLC
FDCT
FDC@
DMAC

b=

NOoOohsd 0wy =0

*)  See MIC PIA

The FPLA generates an IRQ (exception see Mask Reg) to
the MPU on reception of an I7.I0 signal.

The MPU responds by‘sending the vectors (addresses)
FFF8 and FFF9,

These are modified by the FPLA into two addresses
("pair") directed towards the area FFE8-FFF7 of the
Interrupt Vectors Table. The value of these addresses
vary as determined by the Interrupt level.

With the IPL signal the same pair of addresses would
select the area OTE8-01F7 of the alternative Inter-
rupt vectors table in RWM.

- Addr: FFFB\“ — FEE? FEF3 — +—FFF9 Addr
Signa]..l 5_—= : : 15 Signal
. J’ p
Sign. (Vectors o :
—_ — — (Ve gna
in RvM) (in?§§§f Signalj
FFF2 FFF3
\(01 F2) (O]FB)/
V
Address pair to the
Interrupt vectors tgble

Fig. 6. Alternative interrupt vector addresses

The signals used in these procedures are shown and
described in the tables on the following pages.

EE369-810
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Table. Interrupt pri and addr. mod FPLA-Truth table.
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25 126
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A = Active output level high ("),
*)  The IRQ output is active when Low ("0"),
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Table. Explanations of FPLA functions.

Operation No.

0-12

13-25

26-33

34

35-36

37-38

39-42

The signal IRQ, SWI is generated on

IRQ generation if permitted by the
Mask reg. value.

Address modification with regard to
interrupt number and Mask value.

If the I7-I0 signal is removed
when the MPU sends the vector
addresses FFF8 and FFF9 these
addresses are directly used as
addresses to the cells for Default
Interrupt in the interrupt vectors
table.

reception of the, TRQ vect8§PﬁFFF8,
9) or SWI vectSr XFFFA,B) from the
MPU. It disables latching into the
INT.REG because the modified addr.
lines must be stable when the MPU
fetches the interrupt vectors. In
combination with the Vectors in
RWM signal sets the IRQ, SWI sigm
nal up the addresses to the al-
ternative interrupt vectors table.

The signal Set mask is generated
on reception of the addresses
FFE8 to FFF7 fromthe MPU. In com-
bination with the functions 41-42
it sets the "MASK REG" (see Mask
Reg.).
By pass for the interrupt vectors
guddresses) FFFC,D (NMI) and FFFE,F
Reset) from the MPU,

By pass for the signals A4-Al,

When the MPU generates one of the addresses FFE8-FFF7
for the interrupts I7-I0, the Mask register is set to
a specific value. This value specifies the interrupt
levels that are allowed to activate the IRQ Line from
the FPLA to the MPU (see table for FPLA Function No.

35-36).

EE369-810
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MIC PIA
The MIC

initiali

PIA is programmed by the MPU during system
zation as follows:

e Control Register (CR)

Control Address from MPU Data Bus
Register A15-A8 | A7 A6 A5 A4 A3 A2 Al AOf D7 D6 D5 D4 D3 D2 D1 DO

A F7 ¢1 1 0 0 O 0O O 134X X 1t 11 0 10
(Register B is not used)

X = don’t care

Bit Significance

DO=0 | In combination with D1 and CAl controls the IRQA
output. Initiated as "0" which sets the interrupt
output (TRUA) to "1".

D1=1 | Indicates that the interrupt input CAl is active
on low to high transition,

D2=0 | Selects the Data Direction Register when the
proper register select signals are applied to
RS@ and RS1.

D3=1 | Controls the interrupt output CA2., Initiated as
"1" which sets the output CA2="1",

D5-D4=1 | The condition to make CA2 an output.

o Data Direction Register (DDR)

gg::ction Address from MPU E CR i Data Bus
Dire A15-A8jA7 A6 A5 Ad A3 A2 Al AO [bit 2{D7 D6 D5 D4 D3 D2 D1 DO
egister . -

A F7 011 1 0 0000 O0f 010 X X X X X X 1

In the table each D-bit represents a data line on the

PA7-PA@

bus. The bit value defines the direction of

the information flow; O for input and 1 for output
(X = not used).

After initiating the DD register the MPU will set bit
D2 in the control register to "1". This enables the
MPU to control the Peripheral Interface Register A

and the

Interrupt Lines (TRUA and CA2).

i
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e Peripheral Interface Register A

R/M Address from MPU CR Data Bus
from MPU || A15-A81A7 A6 A5 A4 A3 A2 Al AO|bit 2|D7 D6 D5 D4 D3 D2 D1 DO
IN=1 1 | See PA7-PAf in the table

11 0000O0O0CO

0UT=0 F7 below (D7=PA7),D6=PA6 etc.)

1
pa | Signal |Directionfr,  4ion if = 1 Function if = 0
name see DDR)| -

ouT lUused for the oddres- | The ordinary Interrupt

0
phariy sing of the alterna- | Vector Table is addresses.
tive Interrupt Vector § -
Table.
1-6 - B iNot used Not used

7  [jputton/uce IN NMI received by MPU NMI received by MPU
i from the NMI switch. from MCP,

@ Interrupt Lines

If the MPU wants an IRQ from the Timer the MPU sets
the DO bit to "1" in the Control register.

7
1{
AN

On arrival of the interrupt signal from the Timer
to the CAl input, the IRQA output is activated (low).

To enable a new interrupt request from the Timer the
MPU must read the Data register A.

Through setting bit D3 to O the MPU program can ge-
nerate a "SOFT" interrupt (level 0).

EE369-810
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TIMING

The crystal controlled Clock Generator produces
an 8 MHz basic clock signal, which generates
four clock signals in the Clock Counter.

TO
(<MHz)

T1 I 1 I L I 1 [ 1 [ 1 I | —

(2MHz)

T2
(1MHz)

T3
Q5T

Fig. 7. Basic timing signals
Combinations of the TO-T2 signals are decoded in

the Timing Logic by two PROMs (the EVEN and ODD
PROMs) .

e EVEN PROM

This PROM generates the DBE, @1, RAS, TAS, WG
and REFRESH, The table on page 40 shows the
state of the timing signals after each half
period of the TO signal (125 ns).

ISOCATE MPU indicates whether the state refers
to DMA or not ("O" = DMA, "1" = no DMA). The
pulse diagrams on page 41 show the non-DMA
state (ISO,MPU = "O"? and those on page 42

the DMA-state (ISO.MPU = "1"),

e ODD PROM

This PROM generates the timing signals DBE ROW
ENABLE, , RGLATCH and ﬁgT77% The table
on page 40 shows the state of the timing sig-
nals after each half period of the TO signal
(125 ns). .

ISOLATE MPU indicates whether the state refers
to DMA or not ("O" = DMA, "1" = no DMA). The
pulse diagrams on page 41 show the non-DMA
state (ISO.MPU = "O"? and those on page 42

the DMA-state (ISO,MPU = "1"),

The output from the Timing Logic is a combination
of the timing signals from the EVEN and ODD lat-
ches (see pulse diagram pages 41 and 42),

The combined signals control the different opera-
tions in the system (see pulse diagram on pages

43 and 44),
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"EVEN PROM"

Hex
Value

5C
DC

cC

c4

84
84

84
80
5C
DC
cC
C4

80
9D
8D

8D

443

pasn 30N

]l

SVI

SWd

pasn 30N

1{ojijryifojo
1{oloj1jtrjojo

1{ojojoiijolo

Ly

ojofoflotriofo

ojojojojrjofo

ofojojoj1{ojo

OUTPUT LINES

34a

7161514(3]2¢1]0

oftfojijrirjojo

1

1{o]ojofojoj0(0
ottjojrfrirjofo

T1]o{1{1{1}0(0
11110j01{110}0

1{110l01011}0/0
110]010]0]0{0 10
110101111 (O]t

T{ojojoj1 1|01

T{ojojofifrjon

INPUT LINES

Hex
alue

0

2

5
6
7
8

9
A
B
C
D
E
F

193UN0Y
EOH&

-
210 |y

000

o]

01

1
1

1

000
001
01

0

1

00

01

1

101

0

1
1

NdW _3LV10ST

3

A O

4

it

"ODD PROM"

[
ijdlsesssszglzrssssse
>
pasn 10N o 0000000 oloooooooo
pasn 30N — O 00O 0O 0 0 0 0jo 0 0 000 oo
m pasn 310N [ ©C 0O 0O 0 0 0 0 Ol 0 0 0 O O 00
= 1771 14 ) O~ — O 0O O O Of— —— 0 0 o oo
- HOLVT Y < — - =~ = |~ - - -0 O O O
M VZ_ 3K 0 ~ —— 0 00 |-~ 00 O — —
= 3718YNT MOY 0 O — O 0O 0O 0 O Ol — O OO0 O 0 O
3 ErLe) N O = = m = == |0 — - -
X3
mw~m O — N O ¥ 100 N[O O <O OO WL
>
o O~ 0O~ 0 =0 |0 0 m—0 -0 ~
Iazunoy f OO = OO0 =00 rmm—0O0 — —
] word ooy OO0 00~ &~ |00 00—~ — —
&
- NdW 3VI0SI | » | c o c oo oo oflm = — = = — — -
z
Z AO | « O 0o oo oo o oloooooo oo
=
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Timing pulses when ISO.MPU = "

0
Qo q m o 0 8 n S
; n
! 0 N N N )
o5 ¥ q G i ? © N © Q
Lo benvn i b b Lo b e Lenn o
¢ ; o2 ,
!
SMHz REF. 1 WS e IUUUEN e | M~ — — —
e Output EVEN Latches
1o Bl HE S IR wes SN e MY snmne U sums NS S AN mem SR Samy |
DBE 1 [
g1 T 1
RAS . 1 I
TAs | T
wG 1 I
REFR. f
e Output ODD Latches
ot afﬁrﬁm:s’  — | e SN e | r 1 f 1 I 1 [ 1 T L
pBE L
ROW ENABLE [ 1
WE 7771 |
ARG LATCH oo | 1
A T 1
e Output Timing Logic
@ 1 ,
& 1 !
DBE™_________ T
ROW ENABLE | 1
>375ns
RAS — 1 >2000s 755ns 1 >200ns
EAE >l occ 135ns
L [
WG | I
REFR. I
RE CATCH 1
tdace 450ns
REIZ77) —T 1 >5S00ns. r
WE 1777 1 >350ns —
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Timing Bglses when ISO,MPU = Q"

1,25
62,5

Q ]
0
Y & N

—0
-3

.

) = "l u
R ST BTSN IS AP AT S AU S Y AP

43

100Cir

EMiHz RES, f 1 [ 1 ] L I

e Output EVEN Latches

SM-Hz

tobvenLATCHES T L f | I A 1

DBER

21 g ]
RAS J 1

CAS 1

weG

rEFR. O

e Output ODD Latches

ErHz

OO LATCHES — F 1§ L F 1\ I

oBE T T

ROWENABLE ]

WE 1771 1

RG TATCH

7" TRANSFPARANT
RE 1771 T 1

e Output Timing Logic

D7 e

2"

2772 I b
ROW ENABLE e T L

RAS ] 1

CAS 1

We
REFR.1O" NO REFR.

RG LATCH “1" TRANSPARANT

RET777 1

>500ns

WE 1771 1

>350ns
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Timing pulses

DBE
ROW ENABLE

RAS
CAS
RG LATCH

REFR

_when no DMA transfer

v}
{"])m ' C
N o 0 o) n 1) n n o]
N B N 0y ? N o
LA N i 3 © N v 0
L b b e b bt bt ban e a4
@1 ; @2
|
]
i
l
J———— 1
!
[ R | !
>375ns I
r >200ns >125ns l >2C0ns :
>/coccl.35/_'__)s1 :
1 ) )
|
— ‘ i
' I
|
DATA TRANSFER DATA _VALID FROM_MEMORY ; b
MEMORY —= MPU (:
1 RG LATCH L "
¢2 I L
|
DATA TRANSFER < DATA _VALID FROM MPU L >
MPU—=MEMORY {
WG J
REFR. S/ |
DATA TRANSFER { DATA VALID FROM MPU. 1 >
MPU—= 1771 ( T
RG LATCH L !—
——_'I \——_—"_—‘
WE 1771 |
|
Tl
DATA TRANSFER RE 1557 ]["
1771—=MPU
J (OATA VATTD FROM 777>
i
g2 I | -
|
DATA TRANSFER ( DATA VALID INJOUT FIA * >
1)PIA —rMPU | T
2)MPU—=PIA g2 N |
1
I
DATA TRANSFER DATA VALID FROM _ADLC {\I_)
ADLC —=MPU 22 Ny -
i
DATA VALIQ TO ADLC
DATA TRANSFER | J‘::\D
MPU —=ADLC 22 N |




Timing_Eglses when DMA transfer

v)

M C

Y o 1 Q -9 Q o 0 3

0= 8§ ; B 8 d 2 > 8

) llll||1IIIIlllllllllllllqll‘lIlvlllllllllillllllljll‘All!lllliJJJ
i

|

OBE e | ;

ROW ENABLE 1 {
I I

RAS L |

|

>fcacc 135ns I

r— I—__‘

Cas - j J
——— } |
RG LATCH ~7F TRANSFPARANT i |

REFR O : .
1

i 1

(( T

DATA TRANSFER DATA VALID MEMORY. z

MEMORY —=17771 | " |

THD150ns
In data stable 250ns, |
WE 1777 1 2350ns T |

td acc 450ns s

DATA TRANSFER [“BETSS; 1 >500ns
1771 —=~MEMORY
’ 1 DATA VALTD 1771 4 >
W6
|
) |
7 1
L I
1
|
< DAT; VAL IEMORY
DATA TRANSFER N—fala. valio "
MEMORY—=ADLC :
{BATA VALID VIA DMAC\ | -
y
( P2 [ —
N 1
|
]
I
, tddr 220ns }
DATA TRANSFER - (OATA VALID FROM_ADLC ,% >
ADLC—MEMORY

g
@
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ERICSSON Z Flexible Disk Unit, FD 4122 1

General

The Flexible Disk Unit (FD) 4122 in the Alfaskop System 41 shall serve
as:

e a central processing unit, in a Personal Computer (PC) configuration,
which includes a terminal and an optional printer.

® a storage unit for application programs, such as word processors etc.
Mechanics

The FD consists of four main parts, which are enclosed in a cabinet.
These are:

® The flexible disk processor logic (FDPL) board which includes a
microprocessor, up to 256 kbytes of R/W-memory, a flexible disk
controller and a communications controller.

® The FD power supply (FPS), which provides the FD with the neces-
sary voltages. The FPS is a switching device.

e Two slimline type 5 1/4” disk drives, each of which has a formatted
capacity of 720 kbytes.

The mechanical layout of the FD can be seen in Figure 1.
Apart from the abovementioned features there are five LEDs mounted
on the front panel of the cabinet.

Power Supply Cable

Flexible Disk
Controller Board

Ribbon Cables between
FD Board and Disk
Drives

Power Supply

Flexible Disk Drives

Fig. 1. FD 4122 mechanical layout

ES0002914E
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Block structure

The electronic circuits for the microprocessor, memory, disk controller
and communications controller are all placed on one printed circuit
board.

The major function blocks and the bus structure are shown in the coarse
block diagram in Figure 2. This is followed by a brief description of the
individual blocks.

MPU EPROM | [FoMcon | [::}z_m comm.line
| !
I '
| V.24/V.28
I (RS 232) comm. line
[ SRS ) SR |
=
RWM | [FE iji()
| i
| E——
Fig. 2. Coarse block diagram
Modem jModem Host
or 1BM or 1BM computer
channel channel
CPR4101/03
o CPL 4102 FD4120
DU 4110/ P 41XX
Zwire/ \ 2wire/ 4111 fv.zurvoe
Coax coax

PULIXX | [Fosizz

M e N7
; DUII:H(;/ v FD 4122 {
| ) |
(PC work station |

Fig. 3. Alfaskop System 41 with the FD 4122 as mass storage unit
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Block Description

Microprocessor Unit, MPU

The MPU consists of an Intel iAPX 188 chip, with buffers and latches. It

works primarily according to the programs stored in the EPROM and
RWM circuits.

The iAPX 188 includes features like 2 DMA channels, clock generator,
programmable interrupt controller, 3 programmable timers, programma-
ble memory and chip select logic and a local bus controller. The central
processing unit (CPU) in the iAPX 188 is object code compatible with
the iAPX 86, 88 microprocessors and furthermore it adds 10 new instruc-
tions to the existing instruction set.

IPI-memory

RWM

The IPL memory can be an EPROM chip ranging from 4 to 16 kbytes. It
contains the software for bootstrap loading of programs from flexible disk
into the RWM.

The FD 4122 contains either 256 kbytes (or 64 kbytes) of RWM. In the
64 kbytes configuration the FD only works as a system or data FD (SC-
mode, SC = shared cluster),that is as a terminal. With 256 kBytes it can

be configured either as a personal computer (PC) or in the shared cluster
(SC)-mode. :

Flexible Disk Interface, FDI

The FDI part of the FD consists of a NEC 765 Floppy Disk Controller
(FDC) with associated circuitry to enhance read and write signals and for
interfacing the FDI to the floppy disk drives (FDD).

The FDC controls both FDD’s and supports either single density format
(FM) or double density format (MFM) including double sided recording.

The FDC also provides hand-shaking signals which make it possible to
use DMA operation for data transfer between the FDC and the memory.

Additional features provide by the FDC are programmable record
length, parallel seek on up to four drives (only two used).

Communications Interface, CI

The CI consists of an Intel 8274 Multi-Protocol Serial Controlier (MPSC)
chip and associated circuitry to transfer serial data on the two wire line.
The transfer rate is 300 kbits per second.

"The MPSC contains features like asynchronous, byte synchronous and bit
synchronous operation, two full duplex transceivers, 4 DMA channels
and handles baudrates up to 880 kbps.

E90002914E



4 Flexible Disk Unit, FD 4122 ERICSSON 2

If the FD is to be used as a personal computer an Intel 8254 Programma-
ble Interval Timer, an RS-232 receiver and an RS-232 transmitter are
added to the FDPI -board.

The timer contains functions like three 16-bit counters, binary or BCD-
counting and six programmable counter modes.

Out Register

The Out Register block contains an eight bit register and five light
emitting diodes (LED). Part of the register is used to initiate the LED’s
and the rest is used to set the signals Disk Drive Motor and Disk Drive In
Use.

Address Register

The Address Register consists of an eight pole dip switch, pull up resistors
and an octal buffer and line driver.

The Address Register is primarily used to identify a certain system/data
FD in a cluster environment in a multidrop configuration.

Microprocessor Unit, MPU

This section deals with the application of the Intel iAPX 188 micro-
processor in the Alfaskop Flexible Disk Unit 4122. For a functional
description of the iAPX 188 you are referred to the manufacturer’s data
sheets. All circuit and signal names in this section refer to the block
diagram in Appendix A. This appendix can be unfolded, so that it can be
used for reference while you are reading the text.

The Intel iIAPX 188 microprocessor is internally a 16-bit parallel device
with an 8-bit external data bus, with three-state control. It has a 20-bit
adress-bus which gives it an addressing capacity of 1 Megabyte. The 8
LSB are multiplexed with the data bus.

It should be noted that not all signals from the iAPX 188 are used in this
application. Some signals are connected to hardware inside the MPU-
block and some are not connected anywhere. To simplify the understand-
ing of the use of the iAPX in this application we will therefore describe
the signals from the MPU block first and thereafter the function of the
MPU block. This will include information on registers and addresses in
the MPU.
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There are 20 address bus lines from the iAPX. In this application only 18
of these are used. The two most significant lines A18 and A19 are not
used.

The 8 LSB of the address bus are multiplexed together with the databus.
This is done in such a way that during an address access cycle, first the
8 LSB of the address bus are available on the bus and thereafter the 8 data
bits. The timing for this can be found in the suppliers data sheets. The
LSB of the address bus and the data bus is marked ABO-AB7. The
remainder of the address bus is marked A8-Al7.

Apart from the address and data bus lines there are a number of pro-
cessor and bus control signals which lead out of the MPU-block. There
are also some signals that remain inside the block. Some of these are
connected to some form of hardware while others simply are not used in
this application.

The unused signals in this application of the iAPX 188 are shown in table

uy

Table 1. Unused signals from the iAPX 188 in the FD 4122 application.

Signal Pin

TMR OUT 1 23

A 18/S5 66

A 19/S6 65

S7 64

LOCK 48
MCSO-3 38,37,36,35
PCS5/A1 31
PCS6/A2 32

Connected signals used inside the MPU-block are shown in table 2.
Table 2. Signals used inside the MPU-block.

Signal Pin Connection

Vce 9,43 System power: +5 Volt

Vss 26,60 System. ground

X1,X2 59,58 Connected via a 16 MHz crystal

TEST 47 Connected via a pull up resistor to system power

TMRIN 1 21 Connected via a pull up resistor to system power

ARDY 55 Connected to system ground

NMI 46 ' Connected via an inverter and a pull up resistor to system
power

HOLD 50 Connected via an inverter and a pulii up resistor to system
power

HLDA 51 Enables octal line driver for memory and chip select signals,
when the signal is low

ALE _ 61 After passing line driver ALE enables output latch for 8 LSB

of the address bus

E90002914E
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For testing purposes the following signals inside the MPU-block are
furnished with test points (TP).(Table 3.)

Table 3. Signals with test points in the MPU-block

The remaining signals that are used in this application can be divided in
two main groups. One group consists of signals that interrupt the normal
program execution and the other group consists of bus control signals.

There are 7 different hardware interrupt signals with different priorities
that are used in this application. Their chief characteristic is that they stop
normal program execution. The interrupt signals, in order of priority are:
RESET, DRQO-1 and INT0-3.

Interrupt Signals

RESET going low for at least 4 clock cycles forces the processor into an
reset process. This means that the processor immediately terminates
the present activity, clears the internal logic and enters a dormant
state. After the RESET becomes inactive approximately 7 clock cycles
pass before the processor begins execution anew. On restart the pro-
cessor begins execution with the instruction in memory location
FFFFO(H). There are also some registers that are set to predefined
values after a reset. Information on these can be found in the data
sheets for the iIAPX 188.

TMR INO can be used either as a clock, (or as a control signal). It is
active high and it is connected to the chip Select Request output to the
NEC 765A Floppy Disk Controller.

DRQO-1 are DMA request signals driven by external devices. They
are active high. DRQO is driven by the Intel 8274 Serial Controller’s
Transmit- or Receive-DMA-Request signals. DRQL is driven by the
NEC 765A Floppy Disk Controller output DRQ via an time delay.

INTO is an interrupt signal that is active high. It is driven by software,
ie. the operating system via the Out Register on address PCS4, data
line 7 (AD 7).

INTI is an interrupt signal that is active high. It is driven by the
interrupt signal from the Intel 8274 Serial Controller via an inverter.

{
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INT2 is an interrupt signal that is active high. It is driven by the
interrupt signal from the NEC 765A Floppy Disk Controller output
INT.

INT3 is an interrupt signal that is active high. It is driven by the output
OUT 1 on the Intel 8254 Programmable Timer.

Signals

The bus control signals that are used can be divided in two groups. One
group consists of memory and chip select signals. The other group
consists of signals that control data direction, read, write, data enable and
adress enable. This group includes status signals, clock signal and synch-
ronous ready signal as well as timer out signal and reset output.

Memory and Chip Select Signals

LCS is an active low, memory select, to the lower part of the addressa-
ble memory (1-256 kbyte). It is used to address the RWM in the FD
4122. The amount of memory to be accessed is selected by software.
This signal is also used to control the Refresh Timing during an MPU
access of the RWM.

UCS is an active low, memory select, to the upper quarter of the
addressable memory (1-256 kbyte). It is used to address the ROM in
the FD 4122. The amount of memory to be accessed is selected by
software.

PCSO is used to drive the Chip Select (CS) on the Intel 8274 Serial
Controller. It is active low. :

PCS1 is used as an DMA Acknowledge to the NEC 765A FDC. It is
active low. The signal can also activate the Terminal Count (TC) on the
FDC under certain circumstances.

PCS2 is used to drive the Chip Select (CS) on the FDC. It iis active low.

PCS3 is used to drive the Chip Select (CS) on the Intel 8254 Program-
mable Timer. It is active low. ‘

PCS4 is used to enable the Out Register to&t_her with the WR signal
and the Address Register together with the RD signal. It is active low.

Control Signals

E90002914E

DT/R is the data direction signal that controls the direction of the data
through the octal bus transciever in the RWM block. When this signal
is low, data is transferred from the RWM to the data bus. When it is
high, data is transferred from the data bus to the RWM.

RD is active when the iAPX is performing a memory or /O read cycle.
It is active low. The following devices are connected to this signal:
ROM, Address Register, Programmable Timer, Serial Controller and
FDC.

WR is active when the iAPX is performing a memory or /O write
cycle. It is active low. The following devices are connected to this
signal: RWM, Out Register, Programmable Timer, Serial Controller
and FDC.



8 Flexible Disk Unit, FD 4122 ERICSSON 2

® ALE is active during the first clock cycle of a processor cycle. It is
guaranteed that the 8 LSB of the address bus are available on the bus,
on the trailing edge of ALE. This makes it possible to latch this part of
the address into the appropriate device. (See timing diagram in man-
ufacturer’s data sheets.) The signal is active high. In this application
this signal is connected to the refresh timing block.

® DEN enables the outputs of data bus transcievers. It is active low. It
does not become active until data has been placed on the bus and the
DT/R signal has settled in its new state.

® TMR OUTO enables together with the PCS1 the Terminal Count (TC)
of the FDC. The timer should be set up so that the out signal goes low
on terminal count. That means that the signal is considerd active low in
this application.

® RESET is active during a MPU reset. It is used for system reset. It is
active high but since the FD 4122 also needs an active low reset, such a
signal has been included. The RESET OUT is generated by passing
the RESET through an inverter.

@ CLKOUT is an 8 MHz system clock signal. It is derived from the
16 MHz crystal oscillator.

® S0-S2 are bus cycle status signals. They are active low. For information
on these signals you are referred the manufacturer’s data sheets. In this
application sre used for refresh timing control. (See section on RWM.)

@ SRDY is generated by the refresh timing logic. It can put the MPU in a
WAIT state while the RWM is refreshed. The maximum delay this
signal can cause is 4 clock cycles. It is active high. It is active for
approximately 4% of the active time of the running system. That
means that it causes an approximate delay in the system of 4%.

Functions

The 1APX 188 consists of 7 main functional blocks. These are the Clock
Generator, the Execution Unit, The Programmable Interrupt Controller,
the Programmable Timers, the Bus Interface Unit, the Chip Select Unit
and the Programmable DMA Unit. All units except the Clock Generator
contains registers and controlling logic.

The registers in the different units of the iAPX are of two main types.
Either they are control registers or they are data registers except in the
Execution Unit. This Unit contains registers of the following categories:
General Registers, Segment Registers and Status and Control Registers.

Clock Generator

The Clock Generator contains a crystal oscillator, an divide-by-two
counter, asynchronus and Synchronus inputs and reset circuitry.

It provides the system with an 8 Mhz system clock. The Clock Generator
also contains the logic that receives the external READY signals. In this
application is only the Synchronus Ready Signal (SRDY) used.

This signal is used to insert WAIT states in the execution process. The
WAIT states are needed to let the Refresh circuitry access the RWM and

(
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Refresh the dynamic memory at appropriate intervals. The READY
control consists of three bits (R0—R2) in the Control Word for each
Memory Select or Chip Select line. (See section on Memory and Chip
Select.) Since only the Refresh Function needs WAIT states to be inser-
ted through hardware control, only the Low Memory Select Line Regis-
ter needs special attention. (See section on RWM.)

This means that when the MPU is busy addressing either internal units or
other external units than the RWM, the READY control bits can be set
so that SRDY isignored. During MPU access to the RWM, the SRDY on
the other hand must be taken into account. Since the RWM used in this
application requires extra WAIT states, only two settings of the READY
bits remains, namely:

R2 Ri1 RO
0 0 1 1 WAIT state, external SRDY used.
{ 1 0 1 1 WAIT state, external SRDY ignored.

Execution Unit

The Execution Unit is an upgraded version of the iAPX 86, 88 micro-
processor family. It contains the same basic set of registers, instructions
and addressing modes as the 8086 and 8088 MPU’s. The upgrading
means that the iAPX 188 has 10 new instruction types other than those
already present in the iAPX 86, 88 MPU’s.

The Instruction Set of the iAPX 188 is enclosed in this manual as an
appendix B. For detailed information on the workings of the Execution
Unit we refer you to the manufacturer’s data sheets. This includes
information on the registers, instructions, addressmg modes data types
and interrupt vectors.

There are no restrictions placed on the use of the Executlon Unit other
than those due to the fact that some signals to or from the MPU has been
excluded in this application. (See section on Signals.)

Programmable Interrupt Controller

( The Interrupt Controller can handle interrupts from inside the MPU as
well as external interrupts. Internal interrupts are generated by the timers
(3 timers merged into one interrupt line), or by either of the DMA
Controllers (2 interrupt lines). The internal interrupts can be masked
o either in the Interrupt Controller or in the control registers of respective
() interrupt source.

The external interrupts are brought to the controller on lines INTO-
INT3. The source of these is described in the section on signals above.
These interrupts are all generated by circuitry external to the MPU. This
circuitry is activated by the MPU and therefore the interrupts are in fact
software generated. That is they are, or should be expected and there
should be program routines that take care of these signals.

The external interrupt signals can either be disabled in the external
circuitry or in the Mask Register in the Interrupt Controller.

The Interrupt Controller also contains a register that can be set to disable
interrupts below a certain priority level (Priority Mask Register).

E90002914E
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The remaining interrupt signal is the Non Maskable Interrupt (NMI).
This signal is disabled through an inverter and a pull up resistor. However,
it can be enabled by connection to system ground. This is possible since
the signal is brought out to a test pin on the printed circuit board. Itis only
possible to enable this signal when the FD 4122 is dismantled for service
or repair. That means that this signal is ideal for initiating test routines
that should be available to service or repair personnel only. It is used at
production tests.

Allinterrupts that are accepted by the Interrupt Controller are passed on
to the Execution Unit on a priority basis. The priority can either be
software selected or follow the default priority table (See manufacturers
data sheets).

All interfupts are handled by indirect calls through a vector tabel. The
vector tabel is indexed by using the interrupt vector type multiplied by 4.

Programmable Timers

There are 3 programmabel timers in the iAPX 188. Timers 0 and 1 can
count external pulses while Timer 2 only can count on pulses from
Timer 0 and 1. Timers 0 and 1 can also be set up to count pulses from an
internal clock. Timers 0 and 1 can generate Timer Out pulses to external
units and also internal interrupts to the Interrupt Controller. Timer 2 can
either send an interrupt request to the internal Interrupt Controller or an
DMA request to the internal DMA Controller.

All three timers contain one Mode/Control Word Register and one
Count Register. Timer 0 and 1 contains two Max Count Registers each,
whole Timer 2 only contains one Max Count Register.

In this application only Timer 0 is connected to an external device,
namely the FDC. The Timer is meant to be used as a byte counter during
DMA transmissions between the FDC and the memory (if the program
does not want to read/write whole sectors of data, in which case this
function is not used).

To accomplish this the Max Count Register A should be set up with a
number N, which is one less than the actual number of transmitted bytes.
The Max Count Register B is set up with the value 1. The timer then
counts the number of DMA requests till an agreement has been reached
between the Max Count Register A and the Count Register. The Timer
then switches over the count to Max Count Register B. This causes the
Timer to set the signal TMR OUTO low. This will tell the FDC at next
DMA-transfer (by signal TC) that enough data has been sent to memory
and it will therfore terminate the DMA transfer.

The timer counts LOW-to-HIGH transitions. Timer 0 registers resides in
offset addresses S0H-56H in the Internal Register Map. For a DMA
transaction between the FDC and the memory the total amount of bytes
to be transferred, minus 1, should be enterd in Max Count Register A, 1
should be entered into Max Count Register B and the following Word
should be entered in Control Register 0, with the offset address 56H:

EOO6H
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When the Timer 0 is unoccupied with DMA transfers it can be used
together with Timers 1 and 2 for other counting purposes. Note that the
Timers only can use an internal clock for such purposes since TMR INO is
occupied by the FDC and TMR IN1 is not connected in this application.

Bus Interface Unit

The Bus Interface Unit generates the local bus control signals. The signals
that are used in this application are ALE, RD and WR for memory and
peripheral control, DT/R and DEN for data transciever control, HOLD
and HLDA for control of the memory and chip select line control and SO—
S2, SRDY, RES and RESET. The signals are described in the section on
Signals above.

Memofy and Chip Select Unit

The Memory and Chip Select Unit makes it possible for the programmer
to generate chip select for both memory and peripheral units.

In this application the Upper Memory Chip Select (UCS) enables the
ROM which contains bootstrap loader and assorted test programs. The
address lines brought to the ROM-chip carrier makes it possible to
address either 8 or 16 kbytes of data. Since the upper limit of the memory
always is FFFFFH the lower limit must be programmable. In the
FD 4122 application this means that for 8 K respectively 16 K of ROM
the following values should be placed in the UMCS Register at offset
address AOH:

8 K- FE3DH
16 K— FC3DH

The values above take into account the use of memory that needs 1 WAIT
state and it ignores the SRDY signal. (See manufacturers notes on
READY Bits Programming. R2=1,R1=0,R0=1) The current EPROM
version needs 1 WAIT state.

The Lower Memory Chip Select (LCS) can either contain 64 K or 256 K
of data depending on which version of the FD 4122 you are dealing with.
Since the lower limit of the LCS-part of the memory always is OH the
upper limit must be programmable. This gives an upper address, for the
system/data FD version of OFFFFH and for the personal computer
version 3FFFFH. To define this limit the following values should be
placed in the UMCS Register:

64 K- OFFSH
256 K - 3FFSH

The values above take into account the use of memory that needs 1 WAIT
state. The values also acknowledge the SRDY signal, which will insert
WAIT states in the execution to give the refresh circuitry time to complete
initiated refresh cycles in the RWM. (See manufacturers notes on
READY Bits Programming. R2=R1=0,R0=1).

The Mid Range Memory Chip Select is not used in this application.

E90002914E
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The FD 4122 uses 5 of the available chip select lines, namely PCSO-
PCS4. The start address of the Peripheral Chip Select Block is defined by
the PACS Register. The PACS Register resides at offset address A4H. If
the block is located in I/O space bit 12-15 of the Programmable Base
Address (PBA) must be programmed zero. Bits 6—11 corresponds to bits
10-15 of the 16 bit PBA. The I/O space is only 16 bits wide. Each
Peripheral Chip Select Block occupies 128 bytes of memory. These
blocks are placed contiguous in /O space. This means that the PBA only
can be a multiple of 1 kbytes since there are 7 blocks of 128 bytes, which
equals 896 bytes of memory. From this follows that the 10 LSB of the
PBA should be programmed as zero.

This Register not only contains the PBA of the I/O space. It also contains
The READY bits RO, R1 and R2, which control the number of WAIT
states inserted in each I/O access. These control bits have to be set
separately for each I/O unit. Since the SRDY signal has no connection
with I/O access it should be ignored during I/O access cycles. This means
that the R2 bit always should be one (1) during I/O access.

To select the working mode of the PCS the MS bit of the MPCS Register,
which also sets the size of the mid range memory chip select, is set to one
to place peripheral chip select in memory space and set to zero to place it
in I/O space.

When the final addressing of a peripheral unit is done the PCS line
chooses the unit and the seven (7) LSB of the address bus selects
addresses inside the block. Here follows a listing of the PCS lines and the
I/O units that they enabel. Also included are the address lines that are
used by each unit.

Table 4. PCS Lines to I/O Units.

PCS Line YO Unit Address Lines
PCS0 Serial Conir., CS AO0A1

PCSH FDC, DMA ACK A0

PCS2 FDC, CS A0

PCS3 Progr. Timer, CS AC,A1

PCS4 Register Out, CS

Programmable DMA Unit

There are two independent DMA channels in the iAPX 188. In this
application channel 0 is connected to the Serial Controller and channel 1
to the FDC.

Each channel contains 6 registers. There is a Control Register, a Transfer
Count Register, two Destination Address Pointers and two Source Ad-
dress Pointers. The offset address of these registers can be found in the
DMA Control Block Format Table in the manufacturer’s data sheets.
The Transfer Counter defines the number of DMA transfers up to a
maximum of 64 K transfers of 1 byte. The Destination and Source
Pointers define the addresses for the Destination and Source of a DMA
transfer, in memory or I/O space. They can be individually incremented
or decremented after each transfer. The DMA controls the memory and
chip select lines of the MPU in the same way as the Execution Unit does.
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The Control Register controls the workings of the DMA Controller. It
should be set up, according to the DMA Control Word Bit Descriptions
in the manufacturer’s data sheets, before a DMA transfer is requested by
an external unit.

- The FDC needs a DMA Acknowledge signal (DACK) to function
properly. This signal is provided through placing the address for the PCS1
line in the Destination or Source Pointer of the DMA and sending this
with a Write or Read signal to acknowledge that the FDC has requested a
DMA transfer. The Source or the Destination Pointer is set to point to
the appropriate start address in the RWM, with the Control Register set
to increment or decrement automaticly after each DMA transfer. The
placement of the PCS1 address and the RWM start address in Source or
Destination pointers depends on whether the FDC shall perform a DMA
Read or Write Cycle. ,

EPROM Memory

The FD 4122 has space reserved for one EPROM chip only. The chip is
placed in a 28 pin DIL chip carrier. The pinout connections of the chip
carrier makes it possible to use 2732, 2764 or 27128 or pin compatible
EPROM’s to store the Initial Programs like Bootstrap Loader and a
variety of test programs. The 2764 EPROM gives 8 kbytes of program
memory and the 27128 gives 16 kbytes. There are no provisions on the
FD 4122 for programming of the EPROM chips, that is there is no
programming voltage available.

TrROM

_AD-AT3 :

N Do-D7

Fig. 4. ROM signals
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The signals to and from the EPROM block can be divided in three main
parts. First there are the adress lines, then the data lines and finally the
control lines. Apart from these there are also System Power (Vcc) and
System Ground (Vss). The PGM line is connected to System Power via an
pull up resistor and the Program Voltage line (Vpp) is connected to Vce.

® A(-AI3 are the address signals. It should be noted that the lines AQ
through A7 are latched so that they carry the adress during the whole
execution cycle. The signal A13 is not connected to the proper pin in
the standard configuration, that is with the 2764 EPROM in the
socket. Instead the line from the chip carrier is connected to System
Power..The A13 ends in a jumper position and in case the EPROM is
changed to a 27128, then the A13 can be jumper connected to the chip.
The original connection to System Power must be cut.

® ADO-AD?7 are the multiplexed data and address lines. The timing in
the EPROM makes sure that the data outputs from the EPROM are
valid for enough time to give the MPU time to read the data bus. (For
timing diagrams you are referred to the manufacturer’s data sheets.)

@ CE is generated by the signal UCS from the MPU. The amount of
memory that this signal enables is software programmable. (See Sec-
tion on the MPU above.) The EPROM resides in the upper part of the
system memory, with the last byte of the EPROM in position FFFFFH
whether it uses 8 K, 16 K or 256 K bytes of the upper memory area.
The CE can also be disabled manually or through external test equip-
ment by pulling the Test Point (TP) in the EPROM block low
(grounded). This provision enables test equipment to run a test pro-
gram in another PROM without the need to remove the EPROM.

@ OE is generated by the MPU signal RD. This signal enables the
outputs of the EPROM. The timing for this can be found in the
manufacturer’s data sheets.

Read/Write Memory

The FD 4122 RWM consists of 256 K bytes of dynamic memory when
fully equipped.

The RWM is controlled by a RWM Controller (DP 8408) from National
Semiconductors. This Controller drives both memory configurations. It
generates read and write signals to the memory, it controls column
addresses, row addresses and bank select and it controls the refresh
addressing.

Data transmission to or from the RWM is controlled separately through
an transciever circuit controlled directly by the MPU.

The RWM refresh timing is generated in a separate hardware block. This
block sends the refresh enable signal as well as a row address strobe signal
to the RWM Controller. It also generates a SRDY signal that forces the
MPU to place WAIT states in the execution cycle. This is done to allow
the RWM Controller to finish an initiated refresh cycle before the MPU

“ addresses the RWM again.

3
5
g
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Fig. 5. RWM and Refresh signals

RWM Controller and Memory Block

The RWM Controller has two main functions in this application. Pri-
marily it generates the proper signals that select memory bank, row and
column, of the memory cell requested by the MPU. Secondly it generates
the row address for the refresh cycles in aninternal 8 bit counter.
During a memory read or write cycle the RWM Controller generates the
proper row and column addresses and latches these to the proper mem-
ory bank with the RAS and the CAS signals.

If the MPU requests a memory write the Controller enables the Write
Enable (WE) signal on the memory chips.

During a refresh cycle the RWM-controller generates the row address in
an internal counter and then enables the row in all the memory banks,
whereupon the row is refreshed. The counter is then updated.

E90002914E
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The RWM Controller can operate in any of 8 modes. In this application
the number of modes has been reduced to two. This has been achieved
through connecting the mode lines MO and M1 to system power respec-
tive system ground. The result is that only modes 1 or 5 remain active.
The switch between these modes is controlled by the RFSH signal. (Sce
table 1 in manufacturer’s data sheets.)

The timing for both memory cell read access, write access and refresh
cycles can be found in the manufacturer’s data sheets.

Of the 20 address lines generated during a MPU access cycle the first 16
lines (AO-A15) are used to select a memory cell in a 64 K byte memory
bank. In the PC version of the FD 4122 the memory consists of 4 banks of
64 K bytes each. To select those address lines A16 and A17 are used.
There are only 3 control signals connected to the RWM Controller.
The remaining control lines to the RWM Controller has been enabled or
disabled permanently through connection to either System Ground or
System Power through a pull up resistor. (See table 5.)

RWM Control Signals

® WE or WIN is the Write Enable Input of the Controller. The signal is
transmitted to the buffered Write Enabel Output of the Controller. It
is enabled by the output control signal and enables the Write Enable
inputs on the RWM memory chips.

® RASIN has a double function. It is derived from the MPU Lower
Memory Chip Select (LCS) signal. When the RASIN signal is low and
the RFSH is high the Controller addresses the Memory Banks accord-
ing to the state of the address signals A16 and A17. This means that the
contents of the Bank Select latch decides which memory bank should
be addressed by the RASO—RAS3 lines.
If the RASIN and the RFSH goes low all the RAS outputs go active at
the same time for a memory refresh cycle.

® RFSH or M2 going low initiates a memory refresh cycle. The M2 signal
actually selects in which mode the Controller should work. From the
Mode Select Tabel in the manufacturer’s data sheets it can be seen that
with the MO tied to ground and M1 tied to System Power the Control-
ler has only two modes in which to operate.
With M2=0, the Controller is put into an external refresh mode (mode
1). The RFSH signal itself initiates the refresh cycle. First the contents
of the Refresh counter are placed on the lines Q0—Q7 and are latched
into the RWM. Then, due to that RASIN goes low at the same time as
RFSH, all the RAS lines are enabled simultaneously and thereby a
whole row of the memory is refreshed in one stroke. The Refresh
Timer is set up to deliver one refresh cycle every 14 microseconds
which means that the whole memory is refreshed in approximately 4
milliseconds.
With M2=1, the Controller is placed in a AUTO memory access mode
(mode 5). In this mode all outputs from the Controller are initiated by
the RASIN signal, except the WE signal. The use of this mode reduces
timing problems that otherwise can occur during memory access.
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Data Direction Control

The Data Direction Control consists of an 8 bit transceiver which con-
trols the flow of the data placed on the data bus by either the MPU or the
RWM cells during a memory read cycle. The enabling of the transciever
and the direction control is governed by 3 MPU signals.

@ LCS is the Low Memory Chip Enable signal which also enables the
RWM controller through the Refresh Timer signal RASIN. It is active
low.

® DEN is the Data Enable signal from the MPU. It is active low. During
a write cycle it is activated before data has been placed on the multi-
plexed address/data bus. During an memory or I/O read cycle the
DEN signal goes low before the MPU tries to read the data placed on
the data bus, but after the 7 LSB of the address bus have been active.
That is, while the address/data bus is in its floating state.

e DT/R is the data direction signal from the MPU. It controls the flow of
the data through the transciever. When this signal is high, the MPU
performs a Write cycle. When it is low the MPU reads data from the
data bus.

For the timing of these signals you are referred to the manufacturer’s data
sheets.

Table 5. Enabled or disabled RWM input control signals.

Signal Pin Connection
CASIN 2 Via pull up resistor to System Power
ADS 6 Via pull up resistor to System Power
R/C 1 Via pull up resistor to System Power
MO 3 Via pull up resistor to System Power (MO 1)
M1 4 To System Ground (M1=0)
CS 47 To System Ground
RF 11O 46 Not connected.
Refresh Timing Circuit Block

The Refresh Timing Circuit Block actually has two main purposes.
Primarily it provides the RWM Controller with the Row Address Strobe
Input signal (RASIN) and the Refresh signal (RFSH). It also generates
the Synchronus Ready signal (SRDY), which places the MPU in WAIT
state until the Initiated RWM Refresh cycle is complete. The second
purpose of the Timing Block is to provide the FD 4122 with an alternate
clock frequency of 4 MHz.

The Refresh Timer is set up to deliver a refresh request every 14 us. If no
MPU Low Memory access occurs simultaneously or is already initiated
when this happens the RWM Controller then performs a memory re-
fresh. While the RWM is refreshed the Refresh Timer enables the SRDY
signal which places the MPU in a WAIT state if it tries to perform a RWM
access. The SRDY can hold the MPU for a maximum of four system
clock cycles, which amounts to 500 ns. This means a maximum delay in
the system of 4% of the execution time.

E90002914E
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The RFSH signal is latched in the Timer so that when it has been initiated
and the MPU is performing a RWM access, then it remains active until
the MPU cycle ends. When the MPU RWM access cycle ends the refresh
signal then slips in the SRDY to halt the MPU if it attempts to address the
RWM again. The RFSH signal then initiates the refresh cycle in the
RWM.

It should be noted that the SRDY only halts the execution when the MPU
tries to perform a RWM access. If the MPU accesses other parts of the
memory or I/O and the READY Control Bits (R0-R2) have been set
properly, then the MPU ignores the SRDY signal. (See section on MPU
Memory Chip Select.)

Refresh Timing Signals

The signals concerned with the Refresh Timing Circuit Block can be
divided in input and output signals. The input signals are CLKOUT,
ALE, ICS and S0-S2. The output signals are 8 and 4 MHz, RASIN,
RFSH and SRDY.

Refresh Timing Input Signals

® CLKOUT is the system clock signal of 8§ MHz. It is used for timing of
the Refresh Request, the Row Address Strobe Input signal and the
SRDY signal. Itis also passed through a divider and driver to generate
a 4 MHz signal.

e ALF is the Address Latch Enable signal. It is used together with the
LCS signal to set a latch, which is activated whenever the MPU is
performing an access to the lower part of the memory (RWM). The
resulting signal blocks the Refresh Request until the MPU access cycle
ends. The ALE is active high.

® LCS tells the Refresh Timer whether the MPU is performing an access
to the RWM or not. It is active low.

® S0-S2 are the Bus Cycle Status lines. In this application their sole
purpose is to set a latch which will activate the RESH signal if a Refresh
Request has been generated by the Timer. The latch is set when and
only when all 3 signals are high, including a fourth signal that is derived
from the LCS with the ALE. That is SO=S1=S2=1, which indicates
that the bus is passive. This means that the MPU has finished an access
cycle. The time that the bus is inactive after a bus cycle gives the
Refresh Timer a chance to slip in the SRDY to halt the execution and
at the same time initiate a refresh cycle in the RWM. This is illustrated
in the timing diagram in figure 6.

M
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Fig. 6. Timing diagram for refresh circuits
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Refresh Timing Output Signals

8 MHz is the system clock signal. It has been inverted and given
additional drive capacity in the Timer.

4 MHz is a clock signal derived from the system clock.

RASIN is the Row Address Strobe Input signal that initiates the RWM
Controller. It goes active on the trailing edge of ALE every time the
MPU accesses the RWM. It is also activated shortly after the RFSH
signal goes active to initiate a memory refresh cycle. It is active low.

RFSH is the Refresh Request signal. It is activated approximately
every 14 us to refresh a new row in the RWM. It is active low. For
proper timing it should go low after the RASIN has gone high. It
remains low for the whole refresh cycle. (See Diagram on Refresh
timing in manufacturer’s data sheets.)

SRDY is the Synchronus Ready signal that halts the execution of the
MPU. It inserts WAIT states in the MPU bus cycle. This is done to give
the RFSH signal a chance to complete the initiated refresh cycle before
the MPU requests a new RWM access. If the MPU is set up to access
other parts of the memory than the RWM, it is possible to let it ignore
the SRDY signal. To accomplish this the 3 LSB of the chip select
register used has to be set to R2=1, R1=0 and R0=0. (See Tabel 12 in
manufacturer’s data sheets on the iAPX 188.)

Flexible Disk Interface, FDI

Asmentioned in the Section on Block Structure for the FD 4122, the FDI
consists of three main blocks. These are the Flexible Disk Controller, the

circuitry to enhance read and write signals and the Interface circuitry.
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Fig. 7. Flexible Disk Controller and Interface signals
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The FDI interfaces the FD 4122 to the Flexible Disk Drives (FDD),
either in FM or in MFM. The FDD bus configuration supports either of
these, but the FD 4122 is normally set up in the MFM format. This means
that it uses double density and double sided recording of data. The FDD
bus is duplicated but the FDD’s logically ”daisy-chained”. This simplifies
hardware connections for the disks. '

Flexible Disk Controller, FDC

The Flex1ble Disk Controller is the NEC uPD765A or Intel 8272A chip.
It is a disk controller which contains features like hand-shaking signals for
DMA operation and a set of 15 specific commands, which the FDC will
execute. -

The instructions are sent from the MPU as multiple 8-bit Byte groups.
These groups set up the FDC to perform a specific command. For
detailed information on the Flexible Disk Controller you are referred to
the manufacturer’s data sheets. '

The Interfacing circuits as well as the data read and write enhancing
circuits place some restrictions on the use of the FDC.

The FDC can access 4 drives but there is a hardware Drive Select
Decoder, which only recognizes drives 00(Bin) and 01(Bin), as accept-
able disk drives.

The Write Precompensating signals PSO and PS1 are connected through
jumpers to an Write Data Pre-Compensation Unit which selects if the
Write Data (WDA) signal is to be placed on the Interface Bus early, late
or at a normal time during the Write cycle.

The Write Clock Generator is set up to generate a 0.5 MHz clock signal
when the FDC s placed in MFM mode and 0.25 MHz when the FDCis in
FM mode.

The Write Enable (WE) signal is used together with the Power On Reset,
the Power Warning and the decoded Drive Select lines DS0 and DS1.

Signals

The signals to and from the FDC can be divided in two groups.

The first group contains system signals. That is signals that are received
from or sent to the MPU, or other sources like the Power Warning (PW)
and Power On Reset (POR) signals from the Reset Block.

The second group consists of signals sent to or received from the interface
circuitry or the read and write enhancing circuitry.

E90002914E
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System Signals

The system signals consists mainly of signals that control the FDC. There
are only two signals sent from the FDC to the MPU. These are the DMA
Request signal and the Interrupt signal. The 8-bit Data Bus is bidirec-
tional so that data can be passed to the FDC for initiation or as data to be

written to or read from the Flexible Disks. Data is also passed from the -

FDC to the MPU when the MPU performs Read Status Register
instructions.

® 8 MHz system clock signal, clocks an 8-bit serial shift register that is
incorporated to provide the FDC with a DMA Request signal. The
delay is set to 7 clock cycles. This is done since the FDC-chip must not
be accesed to soon after having issued a DMA Request.

® 4 MHzisa system clock that is used as a CLK input to the FDC,

® RESET is the System Reset signal from the MPU. It is active high.
This signal places the FDC in an idle state.

@ Vcc is the System Power signal (+5 V).
® Vss is the system ground signal (0 V).

® RD is the system read signal, which the FDC uses together with the
WR and the AQ 51gnals to set the status for the Data and the Main
Status Register. It is active low. The legal settings of these signals can
be found in the manufacturer’s data sheets. It is obvious that the lines
WR and RD cannot be active simultaneously, a fact which reduces the
possible combinations of these signals to 6.

e WRis the system write signal. For use with the FDC see description of
RD signal. It is active low.

@ AQis the least significant line of the Address Bus. It is separated from
the multiplexed data line in the MPU block and is latched so that it
stays active for a complete bus cycle. It is active high. In the FDC it is
used together with RD and WR signals as described above.

® PCS2 is the Chip Select signal that enables the FDC. It is active low.

® PCS1 is the DMA Acknowledge signal from the MPU. It is sent to
acknowledge the DMA Request signal every time the FDC requests a
DMA transfer, that is for every byte that is to be transferred over the
Data Bus. This signal is used together with the TMR OUTO signal
from the MPU to enable the Terminal Count (TC) input line on the
FDC. It is active low.

® TMR OUTO is the Terminal Count signal from the MPU. It enables
the TCline of the FDC if the PCST signal is active at he same time. The
TMR OUTO signal is active low. Since this signal and the PCS1 signal,
are passed through an inverter the resulting TC signal becomes active
high.

® ADO-AD7 are the system data lines. They are used for carrying data
to and from the FDC. The multiplexed address lines are not used by
the FDC since the FDC has no provision for separating the Address
signals from the Data signals. The reading and writing of data to and
from the FDC is controlled by the RD and the WR signals.

Py
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Interface Signals

The Interface Signals are signals to or from either the Interface Circuitry

or

the read and write data enhancing circuitry. The signals can be divided

into Control Signals and Data signals.

USO0 and US1 are the FDD Unit Select lines. Since the FD 4122 only
carries two Flexible Drives only the Drives 00(Bin) and 01(Bin) can be
selected. These signals are passed to the Drive Select Decoder Block
(DSD) which generates the Drive select lines. They are also passed to
a multiplexer in the Interface circuitry. which selects from which drive
the index, read data acknowledge, drive status(ready) and the write
protect 31gnals are to come from.

PS0 and PS1 are the Wnte Pre-Compensation Shift signals that control
whether the written data is to be placed on the Bus to the FDD’s at an
early, normal or late time during the write cycle.

WE is the Write Enable signal, which enables the write heads in the
FDD’s. It is active high. This signal, the POR, the PW and the
decoded Drive Select (DS0-1) lines are used to create two Write
Enable lines. These are guarded against premature initiation while the
power is turned on and against the hazard of power failure.

SS is the Side Select or Head Select line. When the SS is high, side 1
(head 1) is selected and when the SS is low, side 0 (head 0) is selected.

STP is the signal that moves the Drive head to a new cylinder on the
diskette. A positive puise means that the head should move one track
in the direction determined by the DIR signal.

DIR is the signal that determines direction of travel for the read/write
head, when the FDC is in Seek mode. It is active high.

RW/SEEK is the mode indicating signal. When the signal is high it
indicates that the FDC is in Seek mode. When it is low it indicates that

" the FDC is in Read/Write mode. This fact is used in the Interface

E90002914E

circuitry to enable different control signals in different modes. See
section on Interface Circuitry below.

VCO is the signal that enables or disables the Voltage Controlled
Oscillator. It is active high, which means that the VCO is enabled
when the signal is high.

MFM is the signal that indicates whether the FDC is in FM or MFM
mode. It is set to MFM mode when the line is high. This signal controls
the Write Clock Generator Block (WCG) so that the output from this
block, the WCK signal, is either 0.5 MHz (MFM-mode) or 0.25 MHz
(F FM-mode) ).

IDX is the Index line which tells the FDC when the begmmng of a
track has been found. This information is used to initiate the specified
command, i.e. the FDC starts to read from the track or write to the
track after the Index signal has become active. The signal is active high.

TRO is the signal that informs the FDC when the zero track has been
found. This information is stored in Status Register 2. It is active high.



24

Flexible Disk Unit, FD 4122 ERICSSON Z

® WP indicates Write Protect status in Read/Write mode and two sided
media in the Seek mode. This information is placed in the Status
Register 2. The signal is active high.

@ RDY indicates whether the FDD is ready to send or receive data. This
information is stored in the Status Register 2. The RDY signal is
derived from the Drive Status line from the FDD’s.

® WCK is the Write Clock signal generated in the Write Clock Genera-
tor. When the FDCis set up in MFM mode this signal has a frequency
of 0.5 MHz and in FM mode it has a frequency of 0.25 MHz. In both
cases the pulse width is 250 ns. ® RDW is the Read Data Window
signal generated by the Phased Locked Loop (PLL) in the Read Clock
Discriminator block (RCD). The RDW gives a time window during
which the FDC is set to sample data from the FDD. @ WDA is the
Write Data line on which the serialised data is sent to the FDD. The
data is primarily sent to the WDP to be shifted according to the
precompensation rules in the FDC. The WDA line also carries clock
bits to the FDD.

® RDD is the Read Data line from the FDD after it has passed through
some enhancing latches in the RCD. The RDD signal is responsible
for generating the RDW signal with the aid of assorted other signals.
See section on Read Clock Discriminator below.

Read Clock Discriminator

Signals

The Read Clock Discriminator Takes in the RDD signal and puts it
through some latches to stabilize the signal. This signal is then fed to the
FDC as the RDD signal. Another part of the RCD contains a Phased
Locked Loop, (PLL) which generates a data window of variable length.
This window opens the read window in the FDC which then reads the
RDD signal. The RDD signal must be placed approximately in the
middle of the Window. Since the Data has been stored on the disk at
varying distances and the diskette rotation speed can vary, the data bits
read from the diskettes can come at irregular time intervals. The PLL
compensates for this shift and places the window centered around the
data signal. The PLL is enabled by the VCO signal from the FDC. There
are also a 0.5 MHz clock signal from the WCG, that delivers the central
clock frequency to the PLL. The MFM signal is used to select which
signal from the PLL that shall be used as the RDW signal.

® RDD is the input signal from the Interfacing Circuitry. It is active high.
It is enhanced in the RCD and then retransmitted. It is also used to
generate the phase shift signal that controls the PLL.

® RDD is the retransmitted RDD signal. It is sent to the FDC. The
difference between the input RDD and the output RDD is that the
output signal has received a short time delay and also a defined length.

@ VCO is the enable signal for the VCO from the FDC. It enables the
VCO when it is high and inhibits it when the signal is low.

® MEM is the MFM or FM mode select line. MFM mode is selected
when the signal is high.
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@ (.5 MHz is the PLL central clock signal. It is generated in the VCG
BLock.

® RDW is the Read Data Window signal that opens the FDC read data
input, so that the FDC can read the RDD signal. The leng of the RDW
signal is selected by the MFM signal so that the proper window size is
used for the RDW signal, whether the FDC is in MFM or FM mode.

Write Data Pre-Compensation

The Write Data Pre- -Compensation Unit (WDP) actually consists of two
hardware blocks. One is the WDP Unit and the other is the Write Clock
Generator (WCG). The WCG has two purposes. It generates the
0.5 MHz signal that the RCD uses as the central frequency for the PLL.
It also generates the Write Clock (WCK) signal that enables the WDA
signal in the FDC and also it is used in the WDP block to shape the WDA
signal. The WCG is controlled by one clock signal and one control signal
from the FDC.

The WDP’s sole purpose is to send the WDA signal through the Interface
Circuitry to the FDD’s. The WDA signal is pre-compensated, that is,
when it is placed on the bus to the Interface it has been delayed accordmg
to rules set in the FDC. These rules are conveyed to the WDP by the PSO
and PS1 signals. The PS0 and PS1 control a multiplexer in the Write Data
Pre- Compensatlon Block (WDP) They are connected to the multiplexer
through a set of jumpers. The jumpers are labeled L5, L6 and L7 and the
three different possible combinations of these are presented in table 6.
The signals are active high. They are set in the Main Status Register. The
setting of the multiplexer chooses the appropriately timed WDA 51gna1
from a shift register and sends it to the FDD’s.

Table 6. Write Data Pre-Compensation jumpers.

Connected Pre-Compensation Delay  Sort

Links
L5 + L7 125 125 ns
L7 250 250 ns
L6 0 500 ns
WCG Signals
® 4 MHz is the clock signal that is used to obtain the MFM or FM clock
signal WCK.

® MFM is the control signal from the FDC, which controls the mode of
the FDI. If the MFM signal is high then the FDI is set in MFM-mode
and if the signal is low then the FDI is set in FM-mode.

@ (.5 MHzis a clock signal derived in the WCG. It is used in the RCD as
a central clock frequency for the PLL.

@ WCK is the Write Clock signal, that controls the write data rate of the
FDC. In MFM-mode the frequency of this signal is 0.5 MHz and in
FM-mode it is 0.25 MHz. The pulse width is 250 ns.

e WCK is the WCK signal inverted. This signal is used in the WDP
Block to enable the shift register that shapes the delayed WDA
signal’s.
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WDP Signals

® PSO and PS1 are the precompensation or pre-shift signals from the
FDC. They are connected through jumpers to the multiplexer in the
WDP. The possible combinations are shown in table 6.

® 4 MHz is a system clock signal that is used as clock signal for the shift
register in the WDP.

® WDA is the Write Data signal from the FDC. This signal is clocked by
the WCK signal and latched into the WDP. The signal contains booth
data and clock pulses according to the rules for the chosen mode of
storage (MFM or FM).

@ WCK is the clock signal that clocks the WDA signal into the WDP
shift register. This signal is the inversion of the WCK signal, which
clocks the WDA signal from the FDC to the WDP.

® WDA is the Pre-Compensated Write Data signal from the WDP to the
Interface Logic and the FDD’s.

Interface Logic

The Interfacing Logic can be divided into the Drive Select Decoder
(DSD) and the Interfacing Circuitry (IC). The DSD simply selects drive
00 and 01 from the possible 4 FDD units that the FDC can control and
ignores the other two.

The Interfacing Circuitry consists of three main blocks. Block 1 receives
the signals from the FDD’s and multiplexes these on to a common Bus.
Block 2 places the FDC Control signals on the FDD Bus. This Block
includes the In Use and Motor On signals from the Out Register. The
Third Block is the Write Enable Block. This Block controls the Head
enable signals to the FDD’s.

The FDD Bus is equal for both Flexible Disk Drives. The signals and
pinout for this Bus is shown below.

Table 7. FDD Bus signals and pinout.

Signal Pin Description

GND 1-33  Ground

DL 2 Door Lock

V] 4 in Use

o 6 Not Used

1BX 8 Index

DS 10 Drive Select; always active
12 Not used

_ 14 Not Used

MO 16 Motor On

DIR 18 Direction

STP 20 Step

WDA 22 Write Data

WE 24 Write Enable

TRO 26 Track Zero

WP 28 Write Protect

RDD 30 Read Data

SS 32 Side Select

DS 34 Drive Status (Ready)
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Drive Select Decoder, DSD

The Drive Select Decoder receives the USO and USI signals from the
FDC. The circuitry in the DSD only accepts the coding on these lines for
the drives 00 and 01. See table 8.

Table 8. Drive Select Decoding.

No. USH Uso DSO DS0 DSt DSH Comments

1 0 0 0] 1 1 0 Drive 00 select

2 0 1 1 0 0 1 Drive 01 select

3 1 0 1 0 1 0] No Drive select

4 1 1 1 0 1 0] . No Drive Select
DSD Signals

Block 1

USO and US1 are the Unit Select Signals from the FDC They can
encode up till four separate FDD’s. See table 8 above.

e DS0 and DSO are the decoded Drive select 00 signals.
e DS1 and DSI1 are the decoded Drive Select 01 signals.

Block 1 receives signals from the FDD’s. The signals are multiplexed to
one set of signal lines. The multiplexing is done by the US0, US1, DS0
and DS1 signals. Some enabling of signals is also carried out by the
RW/SEEK mode signal.

Block 1 Signals

E90002914E

USO with the aid of US1 selects signals from drive 00 or 01. US1 is
active low. USO low will chose signals from Drive 00. USO high will
chose signals from Drive 01.

DSO0 and DS1 are used to select the Track Zero Signal from either
Drive. ;

IDX is the selected Index Signal.
RDD is the selected Read Data Signal.
RDY is the selected Ready or Drive Status Signal.

WP is the selected Write Protect Signal. Itis gated with the mode signal
RW/SEEK from the FDC.

TRO s the selected Track Zero Slgnal Itis enabled by the mode signal
RW/SEEK.

RWI/SEEK is the mode signal from the FDC. When this line is high,
the SEEK-mode is selected. When it is low, the Read/Write-mode is
selected. In this application it is used to enable the Track Zero signal
when the FDCis in SEEK-mode. It is also used to set the Write Protect
line high when the FDC is in SEEK-mode. In SEEK-mode this line on
the FDC is used to indicate Two side media (normally only imple-
mented on 8” disks).
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Block 2 directs the control signals from the FDC to the chosen FDD. The

signals that are handled are those that are concerned with placement of
the disk head.

Block 2 also contains a buffer/inverter that takes care of the signals from
the Out Register. These signals consists of Motor On, In Use and Door
Lock.

Block 2 Signals

Block 3

e DS0and DS control which FDD is to receive the Output signals from
the FDC. DSO sends the signals to FDD 00 and DS1 sends them to
FDD 01. The signals are active low.

® DIR is the Direction signal, which controls the direction of travel for
the Read/Write head in the FDD in SEEK-mode. If DIR is high the
Head will move towards the center of the diskette and vice versa. This
signal is enabled by the RW/SEEK signal.

® STP is the signal that moves the Read/Write head to a new track. In
SEEK-mode the direction is determined by the DIR signal. STP is
active high. This signal is enabled by the RW/SEEK signal.

® SS is the Side Select Signal. That is, it selects the proper Read/Write
Head on the selected FDD. When the signal is high, Head 1 is selected
and when it is low Head 2 is selected.

® WDA is the Write Data signal from the WDP Unit. This signal is
passed to the selected FDD.

e RW/SEEK is the mode select signal. It is used to enable the signals
DIR and STP in Block 2. It is active when high, which corresponds to
SEEK-mode.

© MO and M1 are the Motor On Signals from the Out Register. They are
active high. For Instructions on setting these signals you are referred to
the section on the Out Register.

® JUO and IU1 are the In Use signals from the Out Register. They are
active high. These signals are also used as Door Lock signals. For
setting up you are referred to the section on the Out Register.

Block 3 controls the Write Enable Signals (WE) to the FDD’s. To enable
the proper drive the WE signal is enabled by either the DS0 or the DS1
signal depending on which drive the FDC has activated. It is imperative
that no write head is activated before the system power is on since there
are lots of spurious noise on the control and data lines during Power Up.
This noise could cause unwanted data to be placed on a disk. It is also
important that the Write Enable signal can not be enabled during power
down or during a power failure.

To ensure this the IC is furnished with circuits that depending on the state
of the Power On Reset (POR) and the Power Warning (PW) signals,
control the WE signal. The signals either disables or enables the WE
signal. The timing diagram in fig. 8 illustrates how this is done.
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Aslong as POR is active the WE signal is blocked off. This is done in two
Ways. Primarily the POR signal being low disables the WE output
drivers. Secondly the POR disables the WE signal through a th Flop
arrangement, the WE disable circuits.

If the system is up and running and a power failure occurs S this will cause
the Power Warning (PW) signal to become active. The Power supply is so
dimensioned, that when the PW signal becomes active the system has at
least 20 ms in which to complete a write current sector and then disable
the write head. The maximum time for a complete sector write cycle, that
is to write 512 bytes of data to a sector, is approximately 18 ms. The
maximum time will occur if a PW signal arrives immediately after a sector
write instruction has begun to execute. If a PW signal occurs during a
write instruction, the circuitry is set up in such a way as to let the FDC
complete the sector. When the WE signal goes low after the write cycle is
finished the WE disable circuits will come into action and bar the FDC
from enabling the write heads again. See fig 8.
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~ Fig. 8. Timing diagram and schematic circuit diagram for the Write Enable Protect circuits

Block 3 Signals

e DSO0 and DS enables the WE signal to FDD 00 and FDD 01 respec-
tively. The signals are active high.

® POR is the Power On Reset signal from the Reset circuits. This signal
is active low. When the signal is active it has two functions. It disables
the final inverting drivers for the WE signal by pulling their bases to
ground.
The POR signal alsc has the power to disable the WE signal with the
second flip flop latch in the WE disable circuits.
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® PW is the Power Warning signal. The signal is active low. It is activated
= 20 ms before +5V falls below its —5% tolerance, due to power off
or power failure. The PW signal affects the first fhp flop in the WE
disable circuit. If the WE is active when the PW becomes active the
first Flip flop changes state. This cannot alter the WE, however. Not
until the WE has gone low itself. When this occurs the second flip flop
will also go low and thereby the WE signal is disabled. If the WE is low
when the PW occurres the WE is disabled immediately.

® WE is the Write Enable Signal from the FDC. This signal is active
high. It enables the Read/Write Heads of the FDD’s. The proper head
to be enabled is singled out by the DS0 and DS1 signals.

Communications Interface

When used as a personal computer, the FD 4122 carries 256 K bytes of
RW-Memory and furthermore it communicates with the Alfaskop 41
display unit on an asynchronous serial RS-232 data link.

The Communications Interface of the FD 4122 consists of the Serial
Controller (SC) and the Modem, the Crystal Controlled Oscillator and
the Two-wire Interface. As PC, the FD 4122 Communications Interface
also uses additional circuitry in the form of a Programmable Timer and
the necessary hardware to form the RS-232 interface.

The Programmable Timer makes it possible to create a real time clock for
the PC. It also generates the clock frequency that is used to clock data
from the SC to the RS-232 Bus.

AO,A‘i,R_i

PCSO,WR

po-D7

Fig. 9. Serial Controller and Communications Interface signals
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The Serial Controller generates all the necessary signals for two serial
data links. In this application they are used to control one asynchronous
data link in form of an RS-232 interface and one synchronous data link in
form of the Two-wire Interface.

The communication protocol for the Two-wire Interface is described in
the Chapter on Communications in this folder.

The communication protocol for the RS-232 interface varies. It is depen-
dent of the construction of the receiving unit. (We look upon the FD 4122
as the transmitting unit. )

Serial Controller, SC

The Serial Controller (SC) is an Intel 8274 Multi-Protocol Serial Control-
ler. It can be set up in both synchronous and asynchronous mode. It
contains two independent serial receiver/transmitter channels A and B.
In this application Channel A is used for synchronous communication
over a Two-wire Interface link. Channel B is used for asynchronous
communication over a RS-232 serial link.

For a thorough description on the Intel 8274 Serial Controller you are
referred to the manufacturer’s data sheets.

In the chapter on Communications in this folder you will find a discussion
on the Message Format for the Two-wire Communications Link. To set
up channel A in the SC for this Format the registers should be set
according to the rules for the chosen Message Format and the instructions
in the section on Synchronous Operation in the manufacturer’s data
sheets.

In the abovementioned chapter you will also find a description on
Asynchronous Communication. The principles discussed there are also
applicable to the RS-232 interface principle. To set up Channel B for the
RS-232 Communication the registers in the SC should be set according to
these principles and the instructions given in the section on
Asynchronous Operations in the manufacturer’s data sheets.

A short description on how the SC functions in Synchronous respectively
in Asynchronous Operation follows. In both cases the channels has to be
initiated to the proper modes of operation. Also all values in the registers
for respective serial protocol must be set before a data transfer is initiated.

The Synchronous Communication link normally uses DMA transfer for
both Receive and Transmit Data communications. The Asynchronous
link uses the MPU Interrupt line, provided between the SC and the MPU
to effectuate data transfers between the SC and the MPU.

The DMA Request signals for both Transmit and Receive Data are
connected through an OR-gate to let the SC use only one of the available
DMA Channels in the MPU. This is possible because the Two-wire
interface is only half duplex.

E90002914E
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Table 9. Datain WR and RR Registers set for Synchronous Communica-
tion with DMA transfer of data.

Transmit mode Receive mode Comments

Register Data Data

WRO Select Write register + command
WR1 0BH 08H Interrupt setup

WR2 11H 11H Systemn configuration and interrrupt
WR3 COH 0SH

WR4 20H 20H Parity, sync mode, clock mode
WR5 EBH 60H Transmitter setup

WR6 Unity address in Two-wire config.
WR7 7EH 7EH Flag character

RROC Transm. status -

RR1 - Receiver status

RR2 - - Interrupt vector status

Table 10. Data in WR and RR registers set for Asynchronous Communi-
cation with RS-232 protocol.

Transmit mode Receive mode Comments

Register Data Data
WRO - - Select write register + command
WR1 14H 14H Interupt setup
WR2 00H 00H System configuration and interrupt
WR3 40H 41H
WR4 47H 47H Parity, sync mode, clock mode
WR5 AAH ACH Transmitter setup
WR6 - - ;
WR7 - -
RRO Transm. status Receive sign available
RR1 All transm. flag Receiver status
RR2 - -
System Signals

There are a number of signals that are not brought out to the System Bus
or any Interface Bus from the SC. They are either connected to System
Ground or to System Power through a pull up resistor. These signals are
presented in table 11. '

Table 11. Signals to System Power or Ground.

Signal Connection
CDA Vss

INTA Vce via Pull up
Pl Vss

IPO Vss

DTRA Vss

SYNDET Vss

The Remaining System Signals are as follows:

® RST is the System Reset Signal. It is active low.
® CLK is the 4 MHz System Clock Signal.
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ADO0-AD7 are the 8 LSB of the Address/Data Bus Signals. The SC can
only access these signals when the Data Bus is active. To enable the SC
to read or write data from or to the Bus, the SC has to be enabled by
the WR or RD and the PCSO0 Signals.

AQis the LSB of the Address Bus. If this signal is low during a data or
command transfer channel A will be selected. If AQ is high channel B
will be selected.

Al is the second LSB of the Address Bus. If this signal is low during a
data transfer it signals that the data should be treated as a Data Word
by the SC. If the signal is high the data should be treated as a Control
Word by the SC.

PCSO is the Peripheral Chip Select Slgnal from the MPU. It is active
low. This signal enables the SC to accept either the RD or the WR
signals for data or control word transfer.

RD is the System Read Signal. It is active low. Togethér with the PCS0
signal, this signal places the SC in read mode, which enables the MPU
or DMA to read data or status words from the Controller registers.

WR is the System Write Signal. It is active low. Together with the PCSO
signal, this signal allows the MPU or DMA to place data or control
bytes in the registers of the SC Channel A or B. Which channel to be
selected and whether the data transmitted shall be treated as Data or
Control Word is controlled by the states of signals A0 and Al.

INT1 is the System Interrupt Signal generated by the SC. It is active
high. This signal indicates that the SC needs attention from the MPU.

DRQO is the DMA Request Signal from the SC to the DMA Control-
ler in the MPU. It is generated by either of the SC signals TXDRQA
and RxDRQA. When Channel A of the SC s placed in either mode 1
or 2 this signal going high requests a DMA transfer to or from the SC,
channel A. «

V.24 (RS 232) Interface Signals

E90002914E

TxD is the Transmit Data Signal. This line transmits serial data to the
RS-232 Interface.

DTR is the Data Terminal Ready Signal. Itis active low. Itis a general
purpose output, which has to be set when the SC is set up for RS-232
transmission.

RTS is a Request To Send Signal that is used to indicate that the SCis
ready to transmit data. It is active low. The bit controlling this signal
has to be set when the SC is used for RS-232 transmission.

TxC is the Transmit Clock Signal. It is generated by the Progammable
Timer and is used to provide the RS-232 interface with a signal which
will clock data from the SCto the Interface. The TxD signal can be rate
programmed in the SC to 1, 1/16, 1/32 or 1/64 of the TxC Signal. The
Clock signal is also sent to "the receiving Unit to provide this with a
Receive Clock Signal.

RxD is the Receive Data Signal. It receives serial data from the
Interface. The data is clocked into the SC by the Receive Clock Signal.

CD is the Carrier Detect Signal. It is active low. It signals to the SC that
data is being sent from the RS-232 Interface. )
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® CTSis the Clear To Send Signal. It is active low. It signals the SC that
the receiving Unit is ready to accept data from the SC.

® RxC is the Receiver Clock Signal. It is active low. It is used to clock in
data on the RxD line. The clock signal can be submitted by the
connected Unit or it can be supplied from the Programmable Timer.

Two-wire Interface Signals

These signals are identical to the signals described in the Chapter on
Communications in this folder. The signals are described in the section on
ADILC Signals in that chapter.

® RTS is.the Request To Send Signal from the SC to the Modem. It is

active low. This signal indicates that the SCis ready to send data to the
Modem.

® CTSisthe Clear To Send Signal from the Modem to the SC. It is active
low. The signal indicates that the Modem is ready to start sending data
via the Two-Wire link.

® TxD is the Transmit Data Signal, which sends the serialised data to the
Modem. The data is clocked out by the Bit CIk signal.

® RxD is the Receive Data Signal, which receives the demodulated
serial signal from the Modem. The data is clocked into the SC by the
Bit Clk Signal.

@ Bit Clk is the Clock signal derived from the 9.585 MHz clock signal to
the Modem. The Bit Clk has a frequency of 300 KHz. It is connected
to both the Transmit Clock Input (TxC) and the Receive Clock Input
(RxC) on the SC.

Programmable Timer

The Programmable Timer is the Intel 8254 Programmable Interval
Timer. This Timer contains three independent timers. Each timeris
controlled by a Control Word stored in the Control Word Register. The
Control Word determines the timer mode and which timer the Control
Word is associated with. '

8 MHz

Fig. 10. Programmable Timer signals

S
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Each timer can be set to count down from an initial count stored in a
counter associable with the timer.

For a detailed description on the Intel 8254 you are referred to the
manufacturer’s data sheets.

Table 12. Use of address lines Al and AQ.

Address Line Selection Control
Al AOC signal

1 1 Control Word WR
0 0 Counter 0 WR, RD
0 1 Counter 1 WR, RD
1 0 Counter 2 R,RD

To initiate a timer the proper Control Word must be written in the
Control Word Register. Thereafter the counter associate with the timer
has to be set to the initial count. In this application timers 0 and 1 are
ordinarily used as a real time clock. The clock will interrupt the MPU at
set intervals and cause the MPU to enter a Real Time Interrupt Routine
which updates the Real Time Clock Data.

To set the Timer up for this the Timer 0 and Timer 1 has to be set to
mode 2. To set the timers to this mode the respective Control Words has
to be set with the following hexadecimal data:

Timer 0 34H
Timer 1 74H

This setting indicates that both the LSB and the MSB of the Counters has
to be set, in that order. If only one of these registers, for each counter
need to be set, the Control Words should be changed accordingly.

The associated counters has to be set with the following data to let the PT
interrupt the MPU at appropriate intervals.

Table 13. Example for settings for Real Time Clock Interrupt

Timer MSB LSB  Interrupt
Counter sequence (sec)
0 00H 04H

1 9CH 40H 0.02

To set Timer Z up as a baud rate controiler it has to be placed in mode 3.
This means that the Control Word has to be set with the following
hexadecimal data:

Timer 2 B6H

This setting indicates that both the LSB and the MSB of the Counter has
to be set, in that order. If only one of these registers need to be set, the
Control Word should be changed accordingly.

The counter associated with this timer has to be set with different data
depending on which baudrate the RS-232 Interface shall be set up for.

E90002914E
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Note that the SC divides the incoming baudrate signal TxC (Transmit
Clock Signal) by 16 before using it as a clock for the TxD (Transmit Data
Signal). This means that the actual clock signal from the PT should be set
to a value 16 times greater than the desired baudrate.

Table 14. Setting of Timer 3 for different baudrates.

Baudrate Counter
setting LSB MSB
300 83H 06H
600 41H 03H
1200 A1H 01H
2400 DOH OOH
4800 . 68H O00H
9600 34H O0H
19200 1AH O00H

System Signals

ADO-AD7 are the 8 LSB of the System Address/Data Bus. Since the
registers in the PT can both be written to and read from, the data bus
can be activated by the RD or the WR signals.

The data needed to set up registers and counters is passed into the PT
this way.

PCS3is the peripheral Chip Select Signal that enables the Programma-
ble Timer. It is active low. When this signal is active the RD and WR
signals are acknowledged by the PT.

RD is the System Read Signal. It is active low. When this signal is
active, together with the PCS3, the MPU can access the contents of the
Control Word Register for one of the Timers. Which register the MPU
wants to read is determined by the states of address lines A0 and Al.

WR is the System Write Signal. It is active low. When this signal is
active, together with the PCS3, the MPU can write data into either a
Control Word Register or initial counter for one of the timers. Which
timer and whether it is to write a Control Word or an Initial Count is
determined by the settings of address lines A0 and Al.

AQ and Al are the two LSB of the System Address Bus. These signals
are used to indicate whether the current data is to be written into the
Control Word Register or into one of the initial counters. See Table 12.
above.

CLKO and CLK2 are both connected to the 8 MHz System Clock.
This means that both Timer 0 and Timer 2 has a clock frequency of

8 MHz to be divided into the preset signal. Each Timer can be setupin

any one of 6 available modes.

The Output of Timer 0 is connected to the CLK Input of Timer 1. The
Gates of all three timers are connected to System Power through a pull
up resistor.

Output Signals

INT3 is a System Interrupt Signal to the Interrupt Controller in the
MPU. Itis the Output signal from Timer 1in the PT. It is possible to set
up the Registers and counters in Timer 0 and 1 to let this signal

)
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generate an interrupt every 1 s, 0.1 s or 0.01 s or any other timing
between 2 clock pulses and 256*256 clock pulses. The clock frequency
in Timer 0 1s 8 MHz.

® QOut2 is the Output Signal from Timer 2. It is active high. The Timer
should be set up to generate a transmitter Clock Signal, which will be
used to clock data from the SC to the RS-232 Bus.

V.24 (RS-232) Interface

The RS-232 Interface contains standard RS-232 Receiver and Transmit-
ter circuits. The Signals to or from the SC are simply buffered or put
through drivers in the Interface. The Standard RS-232 Signal names and
the pinout for these can be found in Table 15.

Table 15. V.24 (RS-232) Interface signal names and pinout.

Signal Pin Comments

name ho.

Data 2 Data receive line

Data 3 Data transmit line

RTS 4 Request To Send receive line

RFS 5 Ready for sending

DSR 6 Data set ready

GND 7 System Ground

DCD 8 Data carrier detected

TSET 15 Transmitter signal element timing
(Transmitter clock)

RSET 17 Receiver signal element timing
(Receiver clock)

DTR 20 Data Transmit receive line

TSET 24 (Transmit clock out)

SC Signals

The signals between the RS-232 Interface Circuits and the SC are identi-
cal to the ones described in the section on the SC Signals with the same
names. Therefore only the names, of the identical signals will be given in
this section. Also the standard RS-232 interface signals will not be
explained outside what is said in Table 15.

® OUT 2is the Output Signal from the third timer in the PT circuit. Itis
used as a clock signal for the RS-232 Interface. It is connected to the
TxCB signal to the SC Block and to the TSET and RSET signals on the
output side of the RS- 232 Interface.

TxD
DTR
RTS
TxC
RxD
CD
CTS
RxC

E90002914E
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Modulator/Demodulator

Signals

The Modulator/Demodulator (Modem) is a custom made chip. It con-
verts the serial data stream from the SC into a frequency shifted signal
which is fed to the Two-Wire interface. It also converts the frequency
shifted signal from the Two-Wire Interface to a Received Data stream
and a Bit Clock signal and sends these to the SC. The principles of the
Two-Wire Interface are shown in fig. 5. in the chapter on Communication
in this Folder.

The signal is modulated according to the Two-Wire Receive Protocol. See
fig. 11.

600 kHz clock

Frequency shifted
- signal

Corresponding demodulated
signal

1 300kHz clock for serial
L. controller bit clock

Fig. 11. Modulation, demodulation and Bit Clock.

The Modem receives the clocking frequency for the frequency shifted
signal from a crystal controlled oscillator circuit. The clocking frequency
is set t0 9.585 MHz. The clock frequency is divided by 15, 16 or 17 in the
Modem to generate the different frequencies that are needed in the
Modem. See Fig. 11.

® CLK is the 9.585 MHz signal from the crystal controlled Oscillator.
This clock signal is used in the Modem to generate the frequency
shifted output data signal to the Two-Wire interface.

® RST is the System Reset Signal from the MPU. This signal is active
low.

SC Signals

The signals between the Modem and the SC are identical to the ones with
identical names described in the section on the SC Signals. Therefore only
the names, of the identical signals will be given in this section.

RTS
CTs
TxD
RxD
Bit Clk

® © & e o
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Two-wire Interface Signals

e FS and FS are the Frequency Shifted Data Signals from the modem to
the Two-Wire Interface. These signals are enabled inside the Modem
block by the Request To Send (RTS) Signal.

® MRxD is the Frequency Shifted Signal from the Two-Wire Interface to
the Modem. The Signal is demodulated in the Modem and sent to the
SC.

Two-wire Interface

The Two-wire and Coaxial Interface consists mainly of an line trans-
former and and some comparators and amplifying circuits.

The Interface has two input/output connectors for the Two-wire link and
another two connectors for the Coaxial version of the link.

The output frequency shifted signal from the Modem is fed directly to the
Two-wire link through the line transformer. The input signal over the
Two-wire link is detected, amplified and thereafter fed to the Modem.

The communications protocol for the Two-wire Interface is presented in
the chapter on Communication in this folder.

Signals

e MRxD is the Receive Data Signal to the Modem. It carries the
modulated signal, which is demodulated in the Modem.

@ FS and FS are the lines that carry the frequency shifted signal from the
Modem to the Interface. The construction of the modulated signal can
be seen in Fig. 11.

Out Register

The Out Register (OR) contains an 8-bit register and some additional
circuits to drive 4 Light Emitting Diodes. The Register can only be
accessed in write mode by the MPU. It is enabled by the Peripheral Chip
Select line PCS4. It is only one byte wide and therefore it doesn’t need
any extra address decoding. There are 5 LED’s in the block. One is
dedicated as a Power Indicator and is turned on when the Power Supply is
switched on. Of the four remaining LED’s, one is driven by the LSB of
the Data Bus (ADO). It can be used as a Ready Signal. To light up this
LED the ADO bit has to be set High. The three remaining LED’s are
driven by the lines AD1 and AD2 from the Address/Data Bus. Table 16.
gives the settings to turn on the LED’s 1-3.

E90002914E
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fout A, 1U0,1U1

—22-07y | register | MM

_?_> INTO
RST

register

Fig. 12. Out Register and Address Register signals

Table 16. LED lighting settings.

Data bits Lighted
AD1 AD2

1
0
1

1 LED 1
1 LED 2
0 LED 3

WR is the Write Enable Signal from the CPU. It is active low. Together
with the PCS4 signal from the MPU this signal clocks the 8 LSB of the
Address/Data Bus into the Out Register.

PCS4 is the Peripheral Chip Select Signal from the MPU. It is active
low. Together with the WR signal from the MPU it clocks the 8 LSB of
the Address/Data Bus into the OR.

RST is the System Reset Signal from the MPU. It is active low. On
system reset this signal will reset the register so that all outputs are set
to zero.

ADO-AD7 are the 8 LSB of the combined Address/Data Bus. The
WR and the PCS4 clock the Data signals into the register. The Address
signals are ignored. When the Data has been clocked into the register
the outputs from the register remain in their set states until the Out
Register is accessed the next time.

MO 0 and MO 1 are the Motor On Signals to the FDD’s. Both signals
are active high. They are set up in the Out Register, to give you the
possibility to chose which Drive should be running. This arrangement
also makes it possible for you to set up a timer to cause a time out for
the drives and subsequently stop the drives. Also both drive motors
can be enabled at the same time.
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@ JUO and IU1 are the In Use Signals to the FDD’s. These signals are
active high. They are set up in the same way as the MO 0 and MO 1
signals.

® INTOis an Interrupt Signal. It is connected to the Interrupt Controller
Input on the MPU. The signal is active high. To use a register to set this
interrupt provides you with a possibility to test the interrupt controller.
It can also be used as a fictive interrupt in test routines.

Address Register

Signals

The Address Register (AR) consists mainly of a DIL-switch and an octal
buffer. It is primarily used to let the FD 4122 Data Terminal check the
identity of itself. This has to be done when the Terminal receives data over
the Two-wire communications Link. The data sent over the link carries
with it the address of the receiving Terminal and this has to be checked
before the Terminal can start to receive the data. The DIL-switch con-
tains 8 switches which makes it possible to set up to 256 addresses.

The AR can also be used for testing purposes. It is possible to construct a
initial start up routine, which will read the state of the AR and depending
on the setting, the routine will jump to a certain test routine. This makes it
possible to test out different parts of the FD 4122 one by one. It also
makes it possible to use the LED’s in the Out Register and to let them
have different meanings in different test routines.

The AR can only be read by the MPU. Therefore it can use the same
Chip Select Signal as the Out Register.

The DIL-switches are all connected to ground. This means that a closed
switch (ON), is signaled as a low-state line to the Buffer. The Buffer
inverts the signal. Therefore a DIL-switch in the ON-position means that
the corresponding Data Bus signal will be set high. Inversly an DIL-
switch in the OFF-position means that the corresponding Data Bus signal
will be set low.

® RD is the MPU Read signal. It is active low. In the AR it is used
together with the PCS4 signal to enable the octal buffer to place the 8
data bits on the Data Bus.

® PCS4 is the Peripheral Chip Select Signal from the MPU. 1t is active
low. Together with the RD signal it enables the octal buffer in the AR
and places the 8 data bits on the Data Bus.

© AD0-AD7 are the 8 LSB of the Address/Data Bus. The 8 data bits in
the AR are put on to this bus as if they where read from an ordinary
memory location with the exception that the AR is addressed with a
Chip Select Signal. The data placed on the Address/Data Bus are then
read by the MPU. When the enabling signals are released by the MPU
the buffer in the AR disconnects the data lines in the AR from the
Address/Data Bus.
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Appendix 1
Block diagram for FD 4122
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Appendix 2

iAPX188 Instruction Set

intel iaPx 188 ADVANGE INFORMATION
GENERAL PURPOSE MOVS Move byte or word string
MOV Move byte or word INS Input bytes or word string
PUSH Push word onto stack OouTs Output bytes o word string
POP Pop word off stack CMPS Compare byte or word string
PUSHA Push all registers on stack SCAS Scan byte or word string
POPA Pop all registers from stack LODS Load byte or word string
XCHG Exchange byte or word STOS Store byte or word string
XLAT Transtate byte REP Repeat
(' : INPUT/OUTPUT REPE/REPZ Repeat while equal.zero
IN Input byte or word REPNE REPNZ Repeat while not equal-not zero
out Qutput byte or word LOGICALS
ADDRESS OBJECY NOT “Not" byte or word
LEA Load effgcllve agdress AND “And" byte or word
LDS Load pointer using DS OR “Inclusive or” byte or word
yyyy oy LES Load pointer using ES XOR ~Exclusive or” byte or word
( ' FLAG TRANSFER TEST “Test" byte or word
LAHF Load AH reg|§ler from flags SHIFTS
SAHF Store AH register in flags SHL SAL Shift logical anthmetic left byte or word
gg?:F ::22:2?;::313“ SHR Shift logical right byte or word
SAR Shift arithmetic right byte or word
ROTATES
ADDITION ROL Rotate left byte or word
ADD Add byte or word ROR Rotate right byte or word
ADC Add byte or word with carry RCL Rotate through carry left byte or word
INC Increment byte or word by 1 RCR Rotate through carry right byte or word
AAA ASCII adjust for addition
DAA Decimal adjust for addition FLAG OPERATIONS
SUBTRACTION STC Set carry flag
suB Subtract byte or word CLC Clear carry flag
SBB Subtract byte or word with borrow CMC Complement carry flag
DEC Decrement byte or word by 1 STD Set direction flag
NEG Negate byte or word CLD Clear direction flag
CMP Compare byte or word ST Set interrupt enabie flag
AAS ASCII adjust for subtraction CLi Clear interrupt enable flag
DAS Decimal adjust for subtraction EXTERNAL SYNCHRONIZATION
MULTIPLICATION HLT Halt until interrupt or reset
MUL Multiply byte or word unsigned WAIT Wait for TEST pin active
IMUL integer multiply byte or word ESC Escape to extension processor
AAM ASCIi adjust for multiply LOCK | ' Lock bus during next instruction
DIVISION NO OPERATION
DIV Divide byte or word unsigned NOP |  Nooperation
1\ Integer divide byte or word HIGH LEVEL INSTRUCTIONS
AAD ASClIi adjust for division . ENTER Format stack for procedure entry
CBW Convert byte to word LEAVE Restore stack for procedure exit
CWD Convert word to doubleword BOUND Detects values outside prescribed range
CONDITIONAL TRANSFERS UNCONDITIONAL TRANSFERS
JAIINBE Jump if above: not below nor equal CALL Call procedure
JAE/INS Jump it above or equalnot below RET Reiurn from procedure
JBIJNAE Jump it below:not above nor equal JMP Jump
JBE/JNA Jump if below or equalinot above
JC Jump if carry ITERATION CONTROLS
JEJZ Jump it equalizero ’
JG/INLE Jump if greater/not less nor equal LOOP Loop
JGE/INL Jump if greater or equalinot less LOOPE/LOOPZ Loop if equal/zero
JUINGE Jump if less/not greater nor equal LOOPNE/LOOPNZ Loop it not equal/not zero
" JLE/WNG Jump if less or equal/not greater JCXZ . Jump if register CX = 0
JINC Jump if not carry
JINE/INZ Jump it not equalinot zero INTERRUPTS
JNO Jump if not overflow
JNP/JPO Jump if not parity/parity odd INT Interrupt
JNS Jump if not sign INTO Interrupt if overflow
JO Jump if overflow IRET . interrupt return
JPIJPE Jump if parity/parity even
Js Jump if sign i
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Addressing Modes

The 80188 provides eight categories of addressing
modes to specify operands. Two addressing modes
are provided for instructions that operate on register
or immediate operands:

o Register Operand Mode: The operand is located in
one of the 8- or 16-bit general registers.

e /mmediate Operand Mode: The operand is in-
cluded in the instruction.

Six modes are provided to-specify the location of an
operand. in a memory segment. A memory operand
address consists of two 16-bit components: a seg-
ment base and an offset. The segment base is sup-
plied by a 16-bit segment register either implicity
chosen by the addressing mode or explicitly chosen
by a segment override prefix. The offset, also called
the effective address, is calculated by summing any
combination of the following three address
elements:

e the displacement (an 8- or 16-bit immediate value

contained in the instruction);

the base (contents of either the BX or BP base

registers); and

e the index (contents of either the S| or DI index
registers).

Any carry out from the 16-bit addition is ignored.
Eight-bit displacements are sign extended to 16-bit
values. ’

Combinations of these three address elements
define the six memory addressing modes, described
below. :

o Direct Mode: The operand's offset is contained in
the instruction as an 8- or 18-bit displacement
element.

Register Indirect Mode: The operand's offset is in
one of the registers S, Di, BX, or BP.

Based Mode: The operand's offset is the sum of an
8- or 16-bit displacement and the contents of a
base register (BX or BP).

Indexed Mode: The operand’s offset is the sum of
an 8- or 16-bit displacement and the contents of an
index register (Sl or Di). .

Based Indexed Mode: The operand's offset is the
sum of the contents of a base register and an index
register.

e Based Indexed Mode with Displacement: The
operand's offset is the sum of a base register's
contents, an index register's contents, and an 8- or
16-bit displacement.

Data Types

The 80188 directly supports the following data types:

e Integer: A signed binary numeric value contained
in an 8-bit byte or a 16-bit word. All operations
assume a 2's complement representation. Signed

32- and 64-bit integers are supported using the
iAPX 188/20 Numeric Data Processor.

E90002914E

e Ordinal: An unsigned binary numeric value con-

tained in an 8-bit byte or a 16-bit word.

Pointer: A 16- or 32-bit quantity, composed of a
16-bit offset component or a 16-bit segment base
component in addition to:a 16-bit offset
component. 3

e String: A contiguous sequence of bytes or words.
A string may contain from 1 to 64K bytes.

ASCII: A byte representation of alphanumeric and
control characters using the ASCIl standard of
character representation.

BCD: A byte (unpacked) representation of the de-
cimal digits 0-9.

Packed BCD: A byte (packed) representation of
two decimal digits (0-9). One digit is stored in each
nibble (4-bits) of the byte.

Floating Point: A signed 32-, 64-, or 80-bit real
number representation. (Floating point operands
are supported using the iAPX 188/20 Numeric Data
Processor configuration.)

In general, individual data elements must fit within
defined segment limits. Figure 7 graphically
represents the data types supported by the iAPX 188.

r——-1

CODE
MOOULE A

DATA

CODE

MODULE 8
DATA 1 CODE

DATA.

STACK

PROCESS
STACK

- EXTRA

SEGMENT
REGISTERS

PROCESS
DATA
BLOCK 1

PROCESS

b d
MEMORY

Figure 8. Segmented Memory Helps
Structure Software
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Appendix 3

FDC Instruction Set

INSTRUCTION SET @ @

ERICSSON Z

OATA BUS DATA BUS
PHASE RW | Dy Dg Dy Dg O3 D2 Dy Dg REMARKS PHASE | RW| D; Dg Dg Dg D3 Dp Dy Dg REMARKS
READ DATA READ A TRACK
Command w MT MF SX @ 0 1 1 0 Command Codes Commang w 0 MF SX 0 0 O 1 Q Command Codes
w X X X X X HD USt Uso A X X X X X HO UST uUso
w - c Sector 1D information prior w c Sector ID information prior
w H ©C The w H 10 Command execution
w R 4 bytes are commanded against w
w header on Fioppy Disk w N
w EOT w EOT
w GPL w GPL
w OTL w oTL
Execution Data-transfer between the Execution Data-transter betweenthe
FDD and main-system FDD and man-system. FDC
reads alt data fields
Resuit R sTo Status ¢ nation after from index hole 1o ECT .
R sT C and execution
] s§T2 Resutt R STO Status information after
R Cc Sector 1D information after R ST 1 C execution
R H Ci and R st 2
R A R C Sector 1D information after
R N R H C
READ DELETED DATA ; .
Command w MT -MF SK 0 1 1 0 0 Command Codes
READ ID
w X x x X X HOD Us1 Uso
W ~ 10 i Command w 6 MF 0 0 1 0 1 o Commands
Sector nformation pror
w H to Command execution. The w X X X X X HD us1 UsO
4
w R OV tes are commanded gainst Execution The furst correct 1D information
w N header on Fioppy Disk ~
£oT on the Cylinder is stored in
w Data Register
w GPL:
w oTL Result R sT0 Status information after
X R ST1 —— Command execution
Execution Data-transier between the R ST 2—~
FDO and main-system R c—- Sector 10 information read
Result R sTO Status information after R H :‘""9 E;'iwan Phase from
R ST c R R oppy Disk.
R sT2 R N
R [ Sector 10 informanion after FORMAT A TRACK
: : ¢ Command [ W [ 0 MF 0 0 1 1 0 1 | CommandCodes
R N w X X X X X HD uUs1 uso
WRITE DATA w N Bytes/Sector
w sC Sectors/Track
Commend w MT MF 0 0 0 1 1] 1 Command Codes w GPL Gap 3
w X X X X X HD uUst uso w [+ Filler Byte
x :i Sector ID information prior Execution FOC formats an entire track
w R to Command execution. The
w N & bytes are commanded aganst Result R sSTO Status 1 after
w toT neader on Floppy Disk. :: :: ; C execution
w GPL R c in this case, the 1D information
w DTL R H has no 9
R R
Execution Data-transfer between the R N
main-system and FOD
SCAN EQUAL
Resun : :’? z"‘“‘ ‘nformation after Command | W | MT MF SK 10 0 0 1 | Command Codes
R ST 2 w X X X X X HD Us1 USso
R [ Sectar 1D informauion after w [ Sector 1D information prior
R H Ci and w * H to C
R R w R
R N w N
w EOT
WRITE DELETED DATA
w GPL
Command w MY MF 0 0 1 O o 1 Command Codes W STP
w x X X X X HD US1 USO
Execution Data-compared between the
w c Sactor 1D intormanion prior FOOD and main-system
w N to Command execution, The
w R 4 bytes are sgainst Result A ST O Statuz information after
w N header on Fioppy Disk. R ST [ 13 {
w EOT R ST 2
w GPL R [ Sector 1D infarmation after
w DTL R H C
R R
Execution Data-transter betwesn the R N
FDO and main-systern
Result R STO Status on after
R sT1 C
R §T2
R c Sactor 1D nformstion after
R H C
L R
R N

Meto: (1) Symbols used in this table sre dascribed ot the end of this section,
@ A should equat binery  for all operations.
@ X = Don't cora, ususlly mode to equel binary 0.
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INSTRUCTION SET IJ’
DATA BUS DATA BUS
PHASE § R/W | Dy Dg Dg Dg D3 D Dy Dg REMARKS PHASE | RW | D; Dg Dg Dg D3 D2 Dy Dg REMARKS
SCAN LOW OR EQUAL RECALIBRATE
Command W | MT MF SK 1 1 0 0 1 Command Codes 'Command | W o ¢ 0o 0 0 1 1 1 Command Codes
w X X X X X HD US1 Uso w X X X X X ¢ USt USo
a C. im(or 10 intormation prior | g, 40y tion Head retracted to Track O
w f SENSE INTERRUPT STATUS
w N Command] W | 0 0 0 0 1 0 0 0 | CommendCodes
w EOT. -
e w GPL Result R STO Status i at tha end
( w sTP R PCN: of seek-operation about the FDC
Execution Data-compared between the SPECIFY i
FDO and main-system Command w 0 0o 0 0 0 O 1 1 Command Codes.
Result R ST O Status information after w SRT e HUT —
R —
R sT1 s : w HLT ND
R sT2 SENSE DRIVE STATUS
R Cc Sector {D information after ¥ command| w 0 o 0 0 0 1 0 0 Command Codes
s R H [of execution -
( R R W | X X X X X HD US1 USO
\ R N
- Result R ST3 - Status inf. about FDD |
SCAN HIGH OR EQUAL T
Command w MT MF SK 1 1 1 [} 1 Command Codes r " ry 1
W X X X X X HD LSt USO ommand} W [} ¢ 0 1 1 1 Command Codas
w | x X X X X HD uSt USO
w c Sector 1D information prior
w H c i w NCN
w R Execution| N it
Head is positioned over
w N "
w £0T proper Cylinder on
w GPL Diskerte
w STP
INVALID
Execution Data-compared between the |~ W Invalid Codes Iwalid C Codes
FOD and main-system {NoOp — FDC goes into
Result R sTO Status information after Standby State)
R ST1 c d i
Result R STO ST 0= 80
R ST2 (16
R "C Sector 1D atter
R H C execution
R R
R N
DESCRIPTION SYMBOL NAME DESCRIPTION
) Ag Address Line 0 Ag controls selection of Main Status Register (Ag = 0) or Data
{, § Register (Ag = 1)
N (o4 Cylinder Number C stands for the current/selected Cylinder (track) number O
through 76 of the medium,

D Data D stands for the data pattern which is going to be written into a
Sector. '

D7-Dg Data Bus 8-bit Data Bus, where D7 stands for a most significant bit, and

{» Dy stands for a least significant bit.
- DTL Data Length When N is defined as 00, DTL stands for the data iength which
users are going to read out or write into the Sector.

EOT End of Track EOT stands for the final Sector number on a Cylinder. During
Read or Write operation FDC will stop date transfer after a sector
# equal to EOT.

GPL Gap Length GPL stands for the length of Gap 3. During Read/Write commands
this value determines the number of bytes that VCOs will stay low
after two CRC bytes. During Format command it determines the
size of Gap 3. '

H Head Address H stands for head number O or 1, as specified in tD field.

HD Head HD stands for a selected head number O or 1 and controls the
polarity of pin 27. (H = HD in all command words.)

HLT Head Load Time HLT stands for the head load time in the FDD (2 to 254 ms in
2 ms increments).

HUT Head Unload Time | HUT stands for the head unload time after a read or write opera-
tion has occurred (16 to 240 ms in 16 ms increments).

MF FM or MFM Mode If MF is low, FM mode is selected, and if it is high, MFM mode is
selected.

MT Multi-Track 1¥ MT is high. a multi-track operation is 1o be performed. If MT = 1
after finishing Read/Write operation on side 0 FDC will auto-
matically start searching for sector 1 on side 1.

E90002914E
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GENERAL

This functional description of the display unit
(DU 4110) is to be used for the DTC and DTC-A

versions, i.e. both for DU 4110-001 and DU 4110-002.
The section "DTC Principles" describes DU 4110-001

functions. "DTC-A Principles" covers DU 4110-002
functions.

The main tasks of the display unit (DU 4110) are
® Presentation of visual information on the CRU

(Cathode ray tube unit). This information may be
text entered via the keyboard, messages from the
computer or the operating system, forms from a

library on a flexible disk etc.

e Communication with a host computer and other
system units like keyboard, selector pen,
printers, flexible disk units and communication

processor.

e Editing and processing of data, e.g. form hand-
ling operations defined by Alfaform, code con-

version etc.

The main parts of the display unit are
e Cathode ray tube unit (CRU)

e Microcomputer, consisting of the display termi-
nal controller (DTC), the two-wire interface
adaoter (TIA) and other optional printed

circuit boards.
‘®@ Power supply

@ Basic mechanics

MECHANICS

As can be seen in Fig.l the tiltable and swivel-

able upper part of the display unit contains four

basic modules

e Cathode ray tube unit (CRU)

e Display terminal power supply (DPS)

@ Housing (and EMI shield) for the DTC, TIA (and
SPA if a selector pen is used).

EE360-810C



® Board expansion module (BXM) with four electri-
cally identical places for logic boards. The BXM

is an option, only used for either

1. Single display unit configuration, synchronous

communication (SCA used).

2. More than 32 kbytes memory needed (MRW or MRO

used) or

3. Asynchronous communication needed (e.g. to
Printer Unit 4154 or in TTY configuration) (ACA
used) .

The base ("square part" of the foot) of the dis-

play unit contains a fan and connectors for key-

board and two-wire cable to communication pro-

cessor or flexible disk unit.

(434 (4197)

Fig. 1 . Mechanical layout of DU 4110

PRESENTATION

Presentation of characters on the screen is made
using a raster scan method, i.e. the electron beam
(cathode ray) makes a number of consecutive hori-
zontal sweeps over the screen. The beam is modula-

ted by the video information, that is the dots



Y

o~

3

that build up the characters, the cursor, the un-

derlines etc.

The regeneration rate is 50 Hz, i.e. the electron
beam builds up a whole victure on the screen every

20 milliseconds.

The total number of sweeps is 426. Depending on
screen format, 400 (up to 25 text lines) or 396
sweeps (33 or 44 text lines) are used for presenta-
tion, spacing sweeps included. Thus, 26 or 30

sweep times are used for vertical retrace.

The sweep time is 46.95}p$
Each sweep is divided into 100 character positions

Out of which up to . 80 may be

used for presentation

Thus, the character position time is 0.469 pus

Each character position is divided into nine dot
positions or columns (col 0 to 8) Seven columns

(col 1 to 7) are used for character presentation.
With DTC-A, columns 0-8 can be used for presentation.

The dot time is thus 52.2 ns

The corresponding dot
rate 1is 19.17 MHz

This is equal -to 1/18 of the system clock (g1)

period.

Thus, the dots of a specific sweep for two charac-

ters are presented during one system clock period.

Presentation Geometry, Character Layout

The effective screen size is 180 by 258 mm. The
horizontal distance between two adjacent dot posi-

tions is® 0.36 mm. The vertical distance between

EE360-810C
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two adjacent dot positions (sweeps) isx 0.45 mm.

(Note that horizontal lines are not, as vertical
lines, formed by discrete dots but by a continuous

stroke of the electron beam.)

vertical dot spacing
horizontal dot spacing

Thus, the ratio = 1.25

This is valid for the case of 9 horizontal dot
positions (columns) per character position (Alpha-

numeric display) .

The number of vertical dot positions (sweeps) per
text line is programmable and depends on the num-

ber of text lines on the screen.

Number of textlines |13 or 17|25 33 44
Number of sweeps/textline|22]16 12 9
Number of sweeps used for|13] 13 9 8
characters '

Column nr ) At message line:

Sweep nr O I 2 3 4 5 6 7 8 RM (Mod. raster oddr)
{Raster addr)
[¢) (uL) E
AENNSNNNNEE .
N N

2 NINRY 1 0

AN L

4 N 3 2

5 -\ 4 3

¢ N 5 4

7 N\ 6 5

8 \ 7 6

) NNNEE 7

A 9 8

B8 t\\ \\ A 9

¢ N N B A

AN

D N N C B

E D C

F B _D_J

DTC-A DTC

Fig. 2. 7x13 dot matrix in 9x16 character cell

;’%w[



Bits 7 0 0 0 0 0 0 0 0.
6 0 0 0 0 1 1 1 1
5 0 0 1 1 ] 0 111
4 0 1 0 1 0 1 0 1
3210 0 2 4 6
0000
0001
0010
0011
o
(ﬁ . 0100
0101.
0110 _ o~
s 3 g &
2.8 Q Q
0111 a=3 o O
Y Y
© (]
, L g
1000 0 ¢)
o o
-~ -
X TR
(*% 1001 1’ T
- (] o
O <3
) 0]
1010 0 O
T e}
. 0 O
( O O
‘ 1011
1100
1101
1110
1111

Fig, 3. Example of character layouts in character

gen. code table.
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@ Underline

The two last sweeps of a textline are used for
underline and spacing respectively. Underline
starts at Col 1 and ends with Col 7 (DTC). For
DTC-A underline starts at Col 0 and ends with
Col 8. Underline may be generated via char.
generator (underlined space) or via attribute
generator (field underline). (With DTC-A all
underlines are generated via the attribute ge-
neratbr except for the 33 and 44 (32+1, 43+1)
text-line formats where an underlined space
(Cols. 1-7) is programmed in the character
generator.) No underline is possible at message
line. The underline logic is used during sweep
0 (RM = E, see Fig. 2) to produce the line
separating the message line from the rest of

the screen.

@ Cursor

The cursor is individually generated.

Its height and vertical location in the charac-
ter cell is programmable. The cursor blink rate
is selected; either 1.6 or 3.1 Hz. (See CRTC

description for details.)

Two types of cursor may be selected by program:

Cuform = 0 : Width 9 dots . Character not visible
at steady cursor.
Cuform = 1 : Width 9 dots . Character at cursor

position always visible.

(Text inversion at cursor position.)

e

i{%f



Underline
(DTC)
{Underline

pos in

DTC-A)

Column
0

2 3‘4 5,67 8!0l 112,314'5|6|7|8’o |1 ,2,3,4

T

Sweep
0

2

SPACE:
ATB

"END OF
UNDER LlhﬂL

o000 Qe

Fi

g

. 4. Character, underline and cursor layout example

Note: Inversion of "4" caused by maximum height
cursor with Cuform = 1. Field underline
of "A" and "4". Valid for formats with
25 textlines, DTC.

Prirncivles of Character Generation

See DTC block diagram Fig. 5 and character gener=
ator code table Fig. 3. The eight-bit codes for
character and symbols to be displayed, as well as
for attribute characters (ATB), are stored in the
part of the RWM area that is defined as display
memory at a certain time.

EE360-810C
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Note that these codes may differ both from the
line codes (codes used when communicating with the
host computer) and the codes received from the key -

board when keys have been depressed.

The character generator is a memory that produces
seven dot values (1 or 0) when told what sweep of
what character that is to be displayed. It pro-
duces the dots of two characters every clock
period (@) as there are 2 x 9 dot times to each
system clock period. As there is only one access
to the display memory every system clock period,
two character codes have to be fetched each time.
Note that the LS bit of the memory address is not
used. Thus presentation unconditionally starts
with a character from an even address in the mem-

ory.
The address inputs of the character generator are:

® Character code Seven bits (DTC-A:eight bits),
defining which of the 128
(DTC-A:256) possible characters
and symbols that is to be dis-
played.

® Raster address Four bits, defining which sweep
(0, 1 ... 15 (max) of a text-
line that is being presented.
For DTC-A the raster address

consists of five bits.
Example: The character codes for A and 4 (see Fig.

4) have been entered for the fifth time into the
double byte latches. (See block diagram) Thus the
binary value of the raster address is 00100. First
the seven bit code for A (4116) is applied to the
character generator. The seven outputs of the cha-
racter generator will present 1000 001, where the
ones correspond to the two dots of that sweep. As
the code for A is a valid displayable character
code, the video register will be loaded with the
seven bits from the character generator (plus a

Col 0 zero for spacing). Next, while these dots are



being shifted out, the character generator will
produce 0100010, i.e. the dots of the fifth sweep
of the number "4". Next, the two eight bit codes
for the following two characters of the textline
are addressed and entered into the double byte

latches, etc.

The "display memory" addresses as well as the
raster addresses are provided by the programmable
LSI circuit CRTC (Cathode ray tube controller).

DISPLAY TERMINAL CONTROLLERS

General

A general description of the components and prop-
erties that are similar in the System 41 micro-
computers (communication processor (CP), display
terminal controller (DTC) and to some extent
flexible disk processor (FDP) is found in the
chapter "Microcomputer". Here the functions that
are unique to the DTC as well as the specific use

of certain functions will be described.

The main functional parts of the DTC are:

MPU
Memory part

Address decoder

Interrupt logic

Timing logic

Presentation logic

Keyboard interface

EE360-810C
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Memory

Fig. 5 contains a block diagram of the DTC, the
two-wire interface adapter (TIA) and the optional
synchronous communication adapter (SCA), which is
used in single display units communicating syn-
chronously with a host computer. Fig. 9 presents
the block diagram of a display unit including
DTC-A and TIA-A.

The MPU is described in the "Microcomputer"” chapter.

W,

The display terminal controller RWM is built up of
two parallel blocks of dynamic memory, (2 x 16
kbytes).

There is a refresh and memory access multiplexing

logic, governing the memory function.
ot

It provides
@ Row address accompanied by Row address strobes

@ Column address accompanied by Column address

strobe : )

@ Write strobe
according to the state of the timing logic, the
address bus (odd or even block addressed), and ] }
the R/W signal from MPU.
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The memory is addressed by

® MPU (or DMA logic of TIA, two-wire interface
adapter). This happens during the §2 period of

the system clock cycle.

@ CRTC or refresh logic. This happens during @1
half of the system clock period.

The CRTC provides 14 address bits whereof 13 (DTC)
or 12 (DTC-A) are coupled to the memory address
selector. This means that, for DTC, 16 kbytes
(00C0-3FFF or 4000-7FFF, depending on DTC jumper J1)
can be used as display area. For DTC-A, the highest
8 (4+4) kbytes of the RWM area can be used as dis-
play area. Thus, trying to program the DTC-A CRTC
for display start from address 4000 will result
in display of cells in area 6000 and upwards since
address bits 14 and 13 sets to "1" as soon as CRTC

addresses.

Note that as the LSB of the CRTC address is not
used, two consecutive bytes will always be

accessed. (Bytes 0 and 1, bytes 2 and 3 etc.)

Refresh addressings are made every cycle (g1 time)
when the CRTC reset signal is active. Five refresh
addressings are also made during each display
sweep following the HSYNC signal, i.e. when no

presentation takes place.

The dynamic RWM cells are organized as 128 rows
by 128 columns (16 kbytes blocks). A cell is
accessed like this:

1. Address from CRTC or External address bus is

chosen (depending on half of system clock cycle).

2. Address bus bits 7 through 1 are strobed
in as Row address by the Row address strobe
RAS (For accesses from the External bus, only
one block gets RAS).

"

A Q



3. The appropriate column is selected when CAS
(Column address strobe) strobes in address bits
1. 13 or 12 thréugh 8 (CRTC access). (Bit 14
(DTC) or bits 14 and 13 (DTC-A) are provided
as constant bits.)

2. 14 through 8 (External bus access).

4. A write operation is carried out (in case of
External bus addressing) as Write strobe is

avplied.

According to the LSB of the External address, the
memory address decoder produces a row address
strobe enable for the'proper memory block and, in
case of a read memory operation, an output enable
for the proper set of output buffers. The address
decoder consists of a ROM. It has also the R/W
signal and the most significant address bus bits
and display area strap as input signals. Please
refer to the memory map, Fig. 8 and DU 4110-002
memory map, Fig. 10.

Cathode Ray Tube Controller (CRTC)

O 6845
CRTC

vsas
‘Z_-QR HS—TQ—
—2—::’——LPSTB U
CLK DE b——
22 38
RAO |—2=-
23 E/w | 137
22 e 2[ 22
£2 _—acs 3 ==
34
4
a4
MAO p—=—
3
28
3
e
5_—
33 Do 6 10
32 11
1 7
EX 12
2 8%
20 3 °
29 2 o114
28 15
5 1
27 16
6 '2_1—7-
26 7 13 —5
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MPU Interface

The CRTC interfaces the Microcomputer (MIC) via
the data bus, R/W, enable lines, a reset line and
one address line. The reset line (R) must be kept

low during initial programming of the CRTC.

It contains one write-only address register and

15 other registers of variable length, that are
accessible from the MIC bus. As there is only one
address line, either the address register or one

of the other locations can be addressed at a cer-
tain time. The vallue of the five bit address
register decides which one of the other locations
is addressed. Register nr. 5 (R5) is e.g. addressed
when contents of address register is XXX00101 and
(RS) (address line) is high.



Table 1.

Register Nr of bits

CRTC registers

Name

15

Function

RO 8
R1 8
R2 8
R3 4
R4 7
R5 5
R6 7
R7 7
R8 2
R9 5
R10 B+P+5
R1l 5
R12 R13 14
R14 RI15 14
R16 R17 14

Ch.times per
sweep

Characters
per line

HSYNC pos.

HSYNC width
Lines total

Vertical total
adjust

Lines dis-
vlayed

VSYNC position

Interlace
control

Max raster
address

Cursor, start
+ blink

Cursor end

Display start
address

Cursor
location

Light pen hit
address

Tells total nr of horizontal char.
pos.times per sweep minus one.

Tells how many char. should be dis-
played on a line.

Tells at which horizontal character
position HSYNC signal should be
generated.

Tells the nr of character times
HSYNC should be active.

Total nr of lines (displayed + non-
displayed) minus one.

Tells how many sweep times should be
added to the "Lines total" time to
form a full frame time.

Tells how many lines should be dis-
played.

Tells after what line VSYNC should be
generated.

(VSYNC active during the time of one
textline)

(00 or 10 for non~interlace)

Tells the number of sweeps per text
line minus one.

Tells on what sweep of line top of
cursor is.

Tells whether cursor blinks and
frequency.

Tells what sweep of a line cursor
bottom is on.

Tells at which address (with which
character) in a display memory the
display should start.

Points out at which linear address
(character position in memory) cursor
should be displayed) .

Latches linear (character) address
when LP hit (LPSTB).

EE360-810C
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B

Cursor Start Register, R 10

P

- . Blink
Bit | Bit .

6 5 Cursor Display Mode rate at | | | | -+
o | o Non-Blink 50 Ifg . ! on | off L.On 1

0 1 Cursor Non-Display fie ra !e I' Blink Period =

. N 16 or 32 Times
1 |o Blink, 1/16 Field Rate 3.12 Hz ! Field Period
1 1 Blink, 1/32 Field Rate 1.56 Hz

Example of Cursor Display Mode

W \Wa e oW W5

Y N A A A ¢
W“‘I
A 4

P !

Cursor Start Adr. =9
Cursor End Adr. = 10

— 0O VLV NEUDHWN =0

= 0WONOOUHWN-=O

S 0WONOOOB_WN =0

-

Cursor Start Adr. = 1
Cursor End Adr. =5

Cursor Start Adr, =9
Cursor End Adr. =9

Fig.

LPSTB

CLK

7.

Cursor control

(Light pen strobe) When this signal goes
high, (display memory ad-
dress) is latched into R16 R17, thus de-

tecting the selector ven position on the

linear address

screen.
signal is the basic clock for linear ad-
dress counting etc., i.e. the character
clock, which should provide one clock
period for each horizontal character posi-

tion.

Video Control and CRT Interface

is the master enable signal for the video
generating circuitry. This signal is ac-
tive during the display time of the dis-
played lines,
the frame time decided by R1 and R6.

i.e. during a total part of



CU

Hsfyne)

vsfrnc)

Linear Address

MA13-0

EE360-810C

17

is active during the time when cursor dots
should be produced by the video generating

circuits.

is the raster address bus to be fed to the
character generator together with the code
for the actual character. For each text
line it tells the actual sweep number,i.e.
provides values from 0 up to the pro-

grammed value of R9.

is the signal which tells the CRT logic
that the cathode ray should retrace and

start next sweep over the screen.

is the signal governing the vertical re-
trace of the ray, that precedes the re-

generation of an image on the screen.

Generation

provide the address to the display memory
of the actual character to be displayed,
i.e. the actual value of the internal
linear address counter. This counter is
started at a value decided by R12 R13 and
is stepped as many times as decided by R1
for each sweep. For each text line it
counts through the same address sequence
as many times as decided by the value in
R9.

Then it goes on after next HSYNC and
makes the same sequences for each dis- .
played line i.e. as many times as decided
by R6. This whole sequence starts over
again after next VSYNC, unless the pro-
gramming of the CRTC has been changed.
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The MA bus must be multiplexed with the MIC ad-
dress bus, to enable the MPU to write new charac-

ters into the display memory.

Interruot Logic

The interruopt system principles are described in
the "Microcomputer" chapter. The locations of
 interrupt vectors are found in the Memory map.
Here follows a description of the origin, prop- J
erties and use of the different interrupts in the
DTC with subunits.

® Int. out is an active low signal that may be
sent from DTC to interrupt another
controller. It is generated by
setting MIC-PIA per reg. A bit 5.

e Power on An active low Reset pulse is gener-
ated at power on. This Reset signal
is used to reset circuits through-
out the system and to initialize
the MPU. The MPU will fetch contents
of cells FFFE and FFFF to the pro- A / )
gram counter when Reset is deacti-

vated.



l INTERRUPT VECTORS -]
HEX
: ADDR RESET (Power on) FFFE,F
! kby'r?r FF Non Maskable Interrupd ()
Software !nterrupt A,B
r800 IPL ROM Default Inferrupt 2/ 8,9
F700. ] T 7 Periph. 1RQ Wi prl TiA] ® 6,7
F600 I w 4,5
FOO0 {~—————-i Max ! [ 2,3
RWM 14 v ScA FFFO,1
on MRW 13 " KB ACIA FFEEF PV
. 170 12 o AcAlI c,D
L ADDRESSES 71w TIMER A8
E000 b —— ] Max To_» 0§ FFES,9
| on RO
] ] ZIE
! i BATTERY SH g] FTFE
+ 9 TIRWM ==
| (on MRO) o~ F7EO
I O |l«la CRTC CRTC FTD8~9/A-B/C-D/E-F/
I | 2 =S5 pia F7DO PIA F7DO-3/4-7/
bytas O Iolo
¢ + <+ Bk e (e € N4
. .
: MRW (MRO) |
1 I = F7 A0
TFFF T Max RWM onDTC g (}4)
<
16416k -
{“ \ F780
4 <__ADLC
(3 SSDA F770
° 1% PlA
- ACIA F760
=1 ST Timer (®)
@ | PlA F750
w
a F740
F730
5000 N Fr28
|| ADLC F720
. P9551ble 4 S omac
4000 |- --- "7 > display F700
7/ area 228
K/’ (strappable) Z2sjss
2000
x) Not present if during one of the three
DMA cycles DMA T1-T3
0400 ACA = Asynchronous comm. adapter
f 0600 DIA = DTC, Display adaptation part
S MCP = Microprocessor control panel
() | pre ;
’ b MIC = (DTC) Microprocessor part
i SCA = Synchronous comm. adapter
TIA = Two-wire interface adapter
X Note:

1/ A (read or preferably)write operation into one
of the cells FFE8-FFF7 will result in a setting
of a corresponding mask value. As an example,
FFEE or FFEF from MPU will disable interrupts
of pri «3.

2/ MPU reading FFF8-9 will make contents of two out
of cells FFE8-F9, depending on highest pri valid
interrupt, transfer into MPU.

Fig,8. Display terminal controller and subunits,memory

organization.
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® Reset
button
(DTC)

® Reset
button
(DTC-A7)

e NMI (DIC)

® NMI (DTC-A)

® SWI

See NMI (DTC) below

An active low Reset pulse is gener-
ated to reset the MPU. The same sig-
nal is also sent to MIC~PIA CBl,
which activates CRB-7 to a "1". The
software can read MIC-PIA to find
out if the start was "power on" or
the "Reset button".

Non-maskable interrupt may be gen-
erated either from the test unit
MCP (Microprocessor control panel)
or from the reset button located
underneath the upper part of the
display unit, on the left side.

The program may test the source of
NMI by reading the MSB of the A
register of the interrupt control
PIA (MIC-PIA):
Test MSB (b7) of cell F7C4. If

1 0
NMI from pushbutton NMI from MCP

Non-maskable interrupt may be gen-

" erated either from the test unit

MCP (Microprocessor control panel)

or from the PC-logic.

The program may test the source of
NMI by reading the LSB of the A
register of the interrupt control
PIA (MIC-PIA):
Test LSB (b0) of cell F7C4. If

1 0
NMI from PC-logic NMI from MCP

Software interrupt is an instruc-

tion (see MPU description).

( )
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® Default

interrupt

EE360-810C
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Interrupt vector is fetched from
cells FFF8 and FFF9 when no valid
interrupt signal (I7 to I0 of a
higher level than or same level as
the present mask value) is present
at the time of the vector fetch.

See "Microcomputer" Figs, 2 and 11.

is the highest level maskable inter-
ruot. It will always (irrespective
of interrupt mask register value)
result in an IRQ signal to MPU. An
IRQ is however, only serviced if
MPU I-bit is reset. I7 originates
from the ADLC (see ADLC descrip-
tion) on TIA (Two-wire interface

adapter) .

Spare
No latching possibility

Spvare

is an interrupt that may originate
from a non~steady source (short
nulse interrupts). It may be
latched by the interrupt logic. If
MIC-PIA A-side bit 6 is set, an in-

" coming interrupt will be latched.

If it is reset any latched inter-
rupt will be reset and the state of
the I4 line to the interrupt re-
gister will be equal to state of
the incoming interrupt line. This
line is used by a "modem or com-

puter adapter" e.g. SCA or ACA.

is the interrupt used by the KB in-
terface ACIA and the selector pen

function (if used).
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e I2 interrupt line functions as lines
I7-I5 and I3. It is typically
used by a printer interface ACA.
(ACA I)

® T1 is initiated by the VSYNC signal if
enabled (by MIC~PIA CRA bit 0 = 1)
Bit 1 of the same control register
should be = 1 for the PIA to pro-
duce an interrupt at the positive
edge of VSYNC.

e 10 If MIC-PIA CRA (at address F7C5)
bits 5 and 4 = 11 the »program will
produce an interrupt at this level

when writing CRA bit 3 to a zero.

Keyboard Interface

The interface between DTC and KBC (Keyboard con-

troller) consists of
® + 5V/0V (to KBC/KXB/MID)

® KB reset line from DTC, used to initialize the
KBC. KB reset is generated at power on and by
programming MIC-PIA A-side register (see above,

"MIC-PIA Programming").

® KB data, bidirectional line used for asynchronous
transfer of
- Order, e.g. "alarm on/off" or "Transmit ID
bytes" aﬁd data, e.g. lamp data to KBC.
—- Status, e.g. "shift key depressed" or "ID card
in" and, if needed, key number or ID characters
from KBC.



This communication is initiated by DTC, i.e.
no transmission from keyboard takes place un-

less DTC has sent a message to keyboard.

The communication DTC-KBC is described in chapter
"Keyboard". It takes place via the KB interface
ACIA on DTC. The ACIA is described in chapter
"Microcomputer” A clock of 76 kHz is provided for
the ACIA by the timing logic. ACIA divides this
clock by 64 (Bit transfer rate 1188 Hz) and syn-
chronizes internally to received data. Further-
more ACIA may provide interrupt (at level 3) when
transmit register is empty, receive register is

full or an error has occured.

16

10 = during operation
(Divide ext clock by
< 64)

11 = Master reset

110 = Word length 8 bits
) + even parity + 1

stop bit
i s
' 01 = Transmitting inter-
; rupt enabled
E -0 = Transmitting inter-
i J rupt disabled

(during reception
from KB or when
not communicating
with KB)

L

g
| Y = Receiver int.
; disabled (when not
i communicating with

KB)
— R — ' 1
~

= Rec. int. enabled
(while receiving
from KB or
transmitting to
XB)

x Data that are shifted out on ACIA Dpy output
are shifted into the ACIA receiver shift
register. If receiver interrupt is enabled
RDRF (Receive data register full) status may
be used to check when the last bit is shifted
out to KBC.
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DTC PRINCIPLES

Attribute Characters and Registers Controlling the

Display

The eight bit words of the "display memory" may be

character codes or attribute character codes (ATB).

The ATB are used together

with static control bits

to define various oroverties, other than the text

mattern, of the different

fields on the screen.

Note that one ATB may result in more than one new
attribute of the associated field. The field attri-

butes that may be caused by attribute characters

(ATB) are

ATB:

® Underline

® Blinking text (1 Hz)

(Cursor has independent

@ Inverted field

égkxtinguished field

® High intensity

If no ATB:

Underline may only

result from code 5Fl6

Steady text

blink function)

Inversion may be caused

by

1. Tot. inv. bit (whole
Screen inverted)

2. Cursor with Cuform = 1

Presentation according

to disvlay memory contents.

Normal intensity

® Message line (no other attributes, including

field underline, permitted,Codes 8016’ defining

unprotected field an A016, defining protected

field can of course be used as they are inter-

preted by the software).

Note that an ATB in the display memory will result

in one empty space on the

by the ATB) and cursor may

screen (UL (if not reset

still be displayed).
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Underline of a field starts at the character pos.
following the space resulting from the UL ATB. It
ends before the space corresponding to the ATB
defining "End of underline". (See Fig. 4.) In-

verted field starts at ATB position.

Apart from the control registers of the CRTC, de-
fining the display area, vertical cursor format
and cursor blink etc. there are two eight bit
registers of a PIA that either directly control
some video attributes or define how to interpret
an ATB.

Note that the PIA definitions are static, i.e.
cannot be made for specific fields on the screen
as there is no simple connection between display

timing and program but by the VSYNC signal.

The directly controlled attributes are:

@ Cursor format: Cuform = 0 or 1, the latter with

text at cursor pos. inverted

® Total inversion: Whole screen (but inverted
{@l field and, if Cuform = 1,
‘ text at cursor position) pre-

sented as dark text on a clear

o background.
(9 ‘ |
@ Underline position (should be programmed to °
g - point to the next but last sweep of the text-
E line )

s

® Inhibit video (whole screen dark)

e Wraparound (line and page end) of ATB.

The ATB definition bits are:
e Enable reset of underline by space/nul (2 bits)

e Enable underline of field by character code SEi6

EE360-810C
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[pemsans

® Interpret ATB bit 1 as Inverted field/Underline/
Blinking field (2 bits)

® Select: 64 or 128 possible ATB:s

Furthermore, reset of the CRT controller is or-
dered via the display control PIA, (DIA-PIA).

Display Control Registers,Detailed Description

Register

PIAA (Peripheral
reg. A)

PIAB (Peripheral
. reg. B)

CRTC

Address (hexadecimal)

F7DO0 (PIA CRA (at address
F7D1l) bit 2 must be one)

F7D2 (PIA CRB (at address
F7D3) bit 2 must be one)

F7D9 Address to several re-
gistersX controlling
screen format including
textline height, loca -
tion, height and blink
rate of cursor, display
start address etc. See

CRTC description above.

x)The contents of the
CRTC address register 1‘}
(at address F7D8) decide
which one of the CRTC
registers that is

accessed.
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DIAZPIA (A-side Peripheral Register F7D0,.)._ (DTC)
Output
PIAA on pin
bits nr. Signal name Function if =1 Function if = 0
T
‘PA 7 (9) (Not used)
[ e 8 Reset CRTC | The CRTC will produce : CRTC will act according
: no mem.addr. VSYNC, to programming (!)
[ etc. : }
5 7 5F function | 1. Field underline _Field UL only by ATB with®
only by char. code DLl = 1 (if PA 3,2'= 10).
SFIG 00,20 and 5F only affect
char. generator.
2. Char. codes 00 and .
2016 will also act as
"End of SF underline"
i char. if PB2,1 = 01 :
4 6 Cuform Cursor with inversion; Cursor covering character
of underlying char- i
acter i
3,2 5,4 DL1 function 00: Attribute without INV/UL/BLK when with DLl = 1
select bits 1: Inverted field because of ATB with DLl = 1*
0: Field underline because of ATB with
DL1 =1 if PA 5 = 0 X
11: Blinking field because of ATB with DLl = 1%
1 3 ATB code Chax. codes 80-BF16 ;Char. codes 80—FF16
def. interpreted as . interpreted as
ATB (bits 7,6 = 10) ¢ ATB (bit 7 = 1)
0 2 Total inver-| Normal pres = "Black | Normal pres = "White on
sion on white" (whole black" Only text of inv.
screen image inverted); field or text at cursor
: pos. may be dark on clear
: rackground.

x Notes: 1) The attribute character bit (DL1l) is not -effective if
apvearing on message line

2) DL refers to the character code (8 bits; DL7 - DLO)

DIA-PIA_(B-side_Peripheral Register F7D2,.)._ (DIC)

Output

PIAB on pin

bits nr. Signal name Function if =1 Function if = 0
PB 7 | (17) (Not used)
6,5 | 16,15 UL sweep 00: UL pos activated at sweep E16 (15:th sweep)
01: UL pos activated at sweep A16(11=th)
10: UL pos activated at sweep 7 (8:th)
11: Not used. UL pos never activated.
4 14 ©Inhibit Presentation of Screen dark
video display area contents
except for extin-
guished fields (de-
fined by ATB)
3 | (13) (Not used)
2,1 {12,11 | Enable reset| 00: Undef. function (No NUL/SP UL reset)
of underline
0l: NUL/SPACE (00/20,.) may act as UL
by SPACE/NUL reset characters if PA5 = 1
10: Function undefined (No UL reset by SP/NUL)
1i: Function undefined (No UL reset by SP/NUL)
0 10 O Wraparound [ATB valid until "off" | ATB valid until an "off"
ATR (including 00 and | ATB (including 00 and 2016
2016’ if selected for | if selected) irrespec-
reset of "5F underline" tive of line or page end.
. ! If all ATB are erased,
or until line end, (overwritten), though
whichever occurs : 2y ghr
first attributes will be reset
L i before less than 40 ms.

4
(DTC-A: See pages 44-45)
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How Do You Do .... to Assign an Attribute to a Field on

the Screen

Preparatory pro- 1/

Desired field | gramming of DIA- "On" ATB from
attribute PIAA display memory

| PA76543210 DL76543210
Inverted field -0--0109 1= 1-
(dark text on or-0--0110 10----1-
bright back-
ground if }
PIAA:0=0)
Blinking field -0--110- 1--—-- 1-

‘ or -0--111- 10----1-

Underline -00-100- l--——- 1-

or -00-101- 10----1-

or -0l-—--— 01011111 (5Ei6)
High inten- =0====0- 1---10--
sity or -0--—--1- 10--10--
Extin- ~0%l-—o- 1---11--
guished or ~-0--—-1- 10--11--
field x) i
DIA-PIAB should be programmed ---1---- to permit-
presentation.

DIA-PIAB bits 6 and 5 must also be properly pro-

grammed, defining UL sweep. Bit 0 defines whether

attributes should wrap around line end. See below.

Note: 1/ Not effective on message line

How and When Does the Attribute End?

All field attributes will be reset by

1. Msg line ATB: 11111111. If wraparound bit (PBO)

active (=0), attributes will wrap around past

message line (from next but last to first text-

line) .



e

29

2. Valid ATB, lacking === with PAlL = 0
or

10==mm—- with PAl = 1

“on" bit (combinat.);

3. Textline end if PBO = 1 (No attribute wrap-

afound)

Underline may also be reset by SP or NUL (2016 or
0016) if PA5 = 1 and PB2l = 01.

The list of "on" ATB:s above shows that the possi-
bilities of combining different attributes for a
field at a certain time are limited. A field that
is both blinking and inverted may e.g. not be ge-
nerated, whereas a blinking field with high in-
tensity may be generated. Note that inverted field
or blinking field may be combined with field under-
line by 5Fl6 if inverted field/bl. field ATB pre-

cedes 5F16'

MIC-PIA Programming (DTC)

Initial condition: All registers reset.

1)

DDRA at address F7C4l6 is set to 011--01-: PRAY
and 2 inputs;PA6,5 and 1 outputs. (See below,
point 3).)

2)

CRA at address F7C516 is set to

--11-111

L T1 because of VSYNC enabled
Il because of positive transition
on VSYNC (ft) v

PIA per. register A accessible

Bit 3 value will be present at CAZ2
output *0" = Interrupt on level 0
1" = No interrupt on level 0

CA2 functions as output

EE360-810C
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3)
PIA A-side register (address F7C416) bit functions
PIAA !Pin Input/ Signal name| If =1 If =0
bit no Output
PA 7 9 Input Button/MCP NMI from |NMI from
NMI DU button |MCP (P4:
1=1ow)
6 8 Output I4 latch I4 will be|No I4
enable latched latch
5 7 Output Int. out Int. out |(No Int.
on Pl:7 out
4 | (6) | —Not Used (IN DTC)
(5) | —Not Used (IN DTC)
4 Input MCP test MCP not in [MCP in
test mode [test mode
1 3 Output KB reset KB reset |[No KB -
to KBU reset
0 | (2) | —Not Used
*) Note: At initialization a KB reset pulse will be
sent as DDRA contains all zeros: PA 1 functions as
a high impedance input: "active level" for KB
reset generation.
DTC~A PRINCIPLES
DTC-A has the following, additional functions, as

CO

mpared to the DTC board:

® parity check (PC) in dynamic R/W memory

@ increased memory beyond 64k bytes

® presentation from two display memory areas at

the same time.
program loadable character generator (dot. matrix
memory). (TIA-A must be used)

® changed "Reset" function, (see Interrupt Logic).

@ screen format << 24 lines is possible.

%wﬁ
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MIC-PIA Programming

(DTC-24)

Initial condition: All registers reset.

1)
DDRA at address F7C4l6 is set to 011--010:
PA 7 PA 6

2 Inputs 5 Outputs

0 1

(See below, point 3) .

2) CRA at address F7C516 is set to
--1ll-1I1 Il(interrupt request 1) because of
L______VSYNC enabled
Il(interrupt request l)because of
positive transition on VSYNC ( %)
PIA per. register A accessible
Bit 3 value will be present at CA2
output "0" = Interrupt on level 0
"1" = No interrupt on level 0
CA2 functions as output
3)
PIA A-side register (address F7C4l6) bit functions
PIAA | Pin | Input/ Signal name If =1 If =0
bit | no Output
PA 7 9 Input Connected to 0V to be compatible
with earlier program
6 8 Output I4 latch I4 will No I4
enable be latched | latch
5 7 Output Int. out Int. out No Int.
on Pl:7 out
4 | (6) | —= Not Used (IN DTCA)
31 (5) |—DNot Used (IN DTCA)
2 4 Input MCP test MCP not inj| MCP in
test mode test mode
1 3 Output KB reset KB reset No KB
; to KBU reset
0{ (2) | Input Parity Error | parity No Parity
: Error Error
%) Note: At initialization a KB reset pulse will be
sent as DDRA contains all zeros: PA 1 func-
tions as a high impedance input: "active

level" for KB reset generation.
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4)

CRB at address F7C716 is set to -111 1111 (Bit 7 .
is the flag bit set from the DU reset button).

5) | |

PIA B-side register (address F7C6l6) bit functions

PIA B|Pin | Input/ ) _ _
bit NG Output Signal name If =1 If =0
PB 7 | (== not used )
6 |16 output Reset all No reset
% circuits of all
: except MPU | circuits
: and MIC-PIA
‘ 5 115 |output MPU Addr.- |MPU Addr.-
Mode 1 Mode O
4 114 output OC-G enable 0-CG x) 0-CG
enabled to | disabled
Mic bus from Mic
bus
3 113 output Display Display Display
memory memory 4k memory 8k
2 112 output VMAX/VMA 1 VMAX gen- VMA 1 gen-
erated by erated by
DMA DMA
1 j11 Output VMAX /VMA 1 VMAX gen- VMA 1 gen-
erated by erated by
MPU MPU
0 j10 Output Reset Reset PC- Memory
PC-error error FF or|PC used
PC not used

x) 0-CG = Option Character Generator

EE360-810C
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Memory Expansion

With the DTC-A board it is possible to access

another 28 k over the 64 k that is possible to
access from the DTC-board. DTC containing 32 k
and MRW 32 k and out of which it is possible to

access 28 k because of the IPL PROMs (see Fig. 10).

The DTC-A board,contain 32 k and the MRW board
64 k and it is possible to access 56 k depending
on the IPL PROM. The base module with DTC-A (32 k)

‘and a part of the MRW (28 k) is addressed when

VMA 1 is active, the trest (28 k) on the MRW board

is addressed when VMAX is active.

The software program decides which VMA that is to
be activated when MPU or DMA addresses.

When VMAX is active, only addresses between 8000
and EFFF are influenced. Addresses out of this -
area, always activate address VMA 1, (see the

memory organhization Fig. 10).

The control by VMA is performed by:

MIC~PIA B-bit 1 "O0" = MPU gives VMAl
"1" = MPU gives VMAX Note

MIC-PIA DTC-A

MIC-~PIA B-bit 2 "O"
n l"

1l

DMA gives VMAL
DMA gives VMAX

as can be seen MPU and DMA are completely indepen-

dent of each other.

S
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Parity Logic

Latch

The function of the PC-logic is to add an "extra
bit" (a PC-bit) to the byte that is to be written
into the memory. The value of this "extra bit"
(PC~bit) is checked while the byte is read from
the memory. The parity check function is odd
(1000 1000 + 1 (PC)). The PC-error signal is con-
nected to MIC-PIA.

IATCH is a double register, which is connected to
the display memory area. Each DIA read cycle in
the display memery area results in two bytes being
stored in the LATCH. One byte at a time can be
transferred to B-CG and/or by means of a buffer

to LINE MEMORY/GEN. or ATB-GEN etc.

Line Memory/Generator

The Line Memory/Generator is a RWM with a capa-
city of 128 bytes. Depending on the Pres Mode,
can either character code from display area I or
IT be written into the "line memory" during sweep
0.

These character codes are then used to access
either the ATB-GEN or thé& Option Character Gener-
ator (see below). The Option Character Generator
is located on the TIA-A circuit board. After sweep
0 (at the rest of the sweeps), the line memory
function changes and it starts to work as a "Line
Generator". The "Generator" either accesses the
ATB-GEN or the Option Character Generator. When
CRTC addresses one display area, the Line Generator
is using its "prerecorded" character code from

the other display area. Because of this it is
possible to display two display areas simulta—'

neously.
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Attribute Generator

The ATTRIBUTE-GENERATOR (ATB-GEN) decodes data
either from display - or line-memory. The ATB~GEN
is also connected to some outputs at the DIA-PIA,
through which the program is to control the

attribute function.

(M Basic-Character Generator

The BASIC-CHARACTER GENERATOR (B-CG) is a (P)ROM
and intended for standard character types. The

generator can be extended in steps of 1 kbyte to

Y

4 kbytes. The size and extension of the character
generator depends on the number of different char-
acters to be displayed and the number of sweeps
within the character. For example, 2 kbytes for
128 character and each character 13 sweeps high,
or 4 kbytes for 256 characters and each character
13 sweeps high. |

( Option-Character Generator

The OPTION-CHARACTER GENERATOR (O-CG) is normally

a R/W-type and is a "soft" character generator in
(“{ the system. The merory circuits are such a type

that they easily can be exchanged by a (P)ROM and

become the "firmware" character generator.

Like B-CG O-CG is able to be extended by steps

of 1 kbyte up to 4 kbyte. O-CG is normally to be
a substitute to B-CG, but can also be the comple-
ment. O-CG is located at the TIA-A circuit board.

EE360~-810C
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Display Memory Area

The display memory is a part of the RWM area. It

uses a certain address area and the size of the

area is either 4- or 8 kbyte. The size 4- or 8
kbyte, is selected through the MIC-PIA B-bit 3.

The display memory is from the presentations point

of view divided into two areas I and II. Each of

the areas contain 2- or 4 kbyte depending on the

display memory size selection.

The presentation can be ordered to work in the

following manner:

@ PRES MODE O:

e PRES MODE 1:

A mix of area I and II is
displayed, which means that
position 1 in area I and posi-
tion 1 in area II are dis-
played at the same time. Area
II is connected to the line
memory and contains the attri-
butes. The size of the display
memory is either 2 x 2 kbytes
or 2 x 4 kbytes. DIA-PIA B-bit
2 and 1 = 11.

A mix of area I and II is dis-
played, but area I is connected
to the line memory and contains
the attributes. The size of the
display memory is either 2 x 2
kbytes of 2 x 4 kbytes.

DIA-PIA B-bit 2 and 1 = 10.

Note: If MPU uses ADDR.MODE 0 (see below) area I
is at the lowest addresses (7000-77FF or 6000~6FFF)
and area II at the highest addresses (7800-7FFF or

7000-7FFF)

R
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@ PRES MODE 2: Area II is only displayed.

Character- and attribute codes

- are mixed. The size of the dis-

play memory is either 2- or
4 kbytes.
DIA~PIA B-bit 2 and 1 = 01.

® PRES MODE 3: Area I and II are displayed

in sequence. Character and -

attribute codes are mixed. The

size of the memory is either
4- or 8 kbytes.

DIA-PIA B-bit 2 and 1 = 00.
Thus: If PRES-MODE 0 or 1 is selected, the attri-

bute character doesn't occupy any position on the
screen which means that two display areas will
always be presented simultaneously. This type of
field function is mainly in accordance with the
UTS 400 method.

If PRES-MODE 2 or 3 is selected, the attribute
occupies one position on the screen and the FAC
is (normally) presented as a space. This type of
field function is mainly in 