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l.l.

l.2.

INTRODUCTION

Scope

The scope of this document is to serve as an aid for
programmer. It is not ment to be a complete users manual

or hardware description.

References

Reference is made to:
- "Intel 8080 Assembly Language Programming Manual"
- "Intel 8080 Microcomputer Systems User's Manual"”

(july =75)
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1;3. _General view of device codes

Available codes:

00 — OF
10 —1F
20— 2F
30— 3F
40 —> 4F
50— SF
60 — 6F
70 = 7F
80 — 8F
90 — 9F

AQ —AF.

BO—> BF
CO—- CF
D0 — DF
E0O— EF
FO—> FF

Nr,
00—»> OF

20— 27
30— 37

40-41-46-47

50-51-52
60 = 6F
70 == 7F
80 = 8F

E4-ES-E6-E7

F4-FS
F6-F7

Occupied:

By.
Cluster intf. I

Cassette intf.

Floppy disk. intf.

Syncron. intf.

Card reader

Config. ports (syncr.intf
" ” "

Cluster intf. II

Dispiay logic
CPU-card.
Display logic

b
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2.

2.1.

ALY

HARDWARE DESCRIPTION L

General layout

A block d;agram is shown in figure 2.1. The figure shows a
maximum configuration. Each unit connected to the Generel
Motherboard Bus are. complete functional modules plugged in
aS'required for the application.

fﬂé Display logic board requires two slots in the rack. All
other units are on cne SLngle board.

The system can be a “teletype—replacement" unit,. with only
the units within the frame of broken lines in figure 2.1
connected. T ) } 3
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2.2. Display Logic descrlgtion

The Display logic boards'contain all electronics necessary to
drive a "teletype-replacement" data display. In addition it
interfaces to the CPU on a parallell I/O basis.

The specifications for the ‘teletype replacement” data display is

2000 characters on a 25 line by 80 char. page.
95 displayable characters. (128 option).
7x9 dot matrix with underscore.

Baud rates; 110, 300, 600, 1200, 2400, 4800, 9600 and 19200.
Full Modem Inte*face (V.24 and RS232C) and current loop D
(20-60ma),

Video modification with underline (all characters visible)
or with an attribute byte (attribute character displayec
as space). The modification can be underline, blink,
invisible and inverted video. Inverted video alsoc switct
<selectable. '

”Cursor control characters and direct addressable cursor (from
computer and/or keyboard).

Several keyboard layouts available (ECMA, TTY, Norwegian.
Standard and special system keyboards).

The specifications for the parallell I/0O interface to the internal

CPU is:
Device Code Input - - Output .
V
E4 -~ UART DATA UART DATA :
ES5 . RAM READ RAM WRITE (with CTRL~-
. : decoding)
E6 ' KEYBOARD DATA RAM WRITE (without
_ : : ' CTRL-decodi
E7 " INTERFACE STATUS | INTERFACE COMMANDS!.
F6 - INTERRUPT STATUS
WORD
F7 UART STATUS
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The bits of the UART STATUS byte are (a2ll active 1):

bit Meaning
0 TBMT Transmitter Buffer
1 DA Received Date Available
2 TMBT-ENFF TBMT - Interrupt Enable Flip Flop
3 PE Parity Error in received byte'
4 OR , Overrun Error, the byte before this was lost
5 FE Framing Error, this byte did not have stop bit
The bits of the interrupt status word, all active 1: ‘5
bit Meading
0 EN-TBMT Enabled TMBT - request
1 DA Received Data Available
2 KBDA Keyboard Data Available
3 BSYINT Busy Interrupt, Display logic was not
able to perform the write command,
4 MEMBSYINT Memory Busy Interrupt. The RAM is busy. Read
operation is not performed.
5 CI Calling Indicator; from outside world.
The bits of the interface status word (All active 0) :
o/
bit Meaning
0 CON Connect data set to line
1 DSR Data set Ready
2 RQTS Request to Send
3 RFS Ready for sending
4 CAR" Carrier
5 CcI - Calling indicator
P

3

c
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"The bits of the interface commané'(all active 1):
bit Meaning ,
‘0 CPU LINE' -~ - Switch the CON flip flop
1 CPU TRANS Switch the RQTS " "
2 CPU CLEAR -  CLEAR the indication LEDs
- RN L4 (ERROR), L5 (ENQ)., L6 (ACK) and L7 (NAK):
3. TBMTENSW. .. Switch the TBMT - Interrupt Enable £lip flor

The meaning of the keyboard data byte is the ASCII-code where

'bit 0 to bit 6 corresponds to bit 1 to bit 7 in the ASCII-code. -~ -
Reference is made to the ASCII-table for TDV 2100. Y

When wrlting into RAM-memory in the data display one may use two
different device codes. When using E5 the logic will decode the
byte and either write into RAM (cursor counter as pointer) or
perform the decoded function. When usxng E6 the logic will write

data into

RAM and perform no decoding (cursor as pointer). After

having written the cursor counter will advance one position to

- the right, from 79. position to 0. position on the line below ~

or when in last line (llne 24) roll one line up with cursor in

.pOSltion 0.

When reading from the RAM we also use cursor counter as pointer
to where to read. After having read the cursor counter advances
one position to the right, from 79. position to 0. position on
the line below or from 79. pcsition on the last line to 0.
positlon on line 0.

UART data uses bit 0 to bit 7 (blt 7 is MsB) . Normally the UART
will add parity bit and start/stop bits. Then bit 7 'is not in j)
use. T

One'of the functions the display logic perform is Cursor Counter
load. .This sequence is started by.giving the code 10(H) to the
logic (output port E5). Then the next byte ocut will be loaded into
the cursor line counter and the second byte will be loaded into
Cursor character counter. When loading cursor the CPU must not

go outside the limits 0 to 24 for the line counter and 0 to 79

for the character counter.

The Erase
place the

The Erase
cursor in

Page function will erase from Home pOSltlon, and then
cursor in the Home position. This takes max. 1,4 ms.

Line function will erase the whole line and place the
character position 0. This takes max. 100 us.

An attribute byte (bit 7 = 1) is either written directly into
RAM using port E6 or by setting the underline flip flop (forces

bit 7 to

underline flip flop must be reset by the normal code, OF). .

a 1) first and then writing the attribute byte (the
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The attribute uses bit 4, 5 and 6 in the memory, meaning:

bit

654 Meaning

000 NORMAL

001 NORMAL

0lo0 LOW INTENSITY
011 BLINK

100 INVERTED VIDEO
101 UNDERLINE

110 INVISIBLE

111 NORMAL

The attribute byte will decide how to present the information
on the CRT from the attribute byte to the end of the page.

The display logic may use two inierrupts.
Interrupt level 1: Real time clock, one interrupt every

19.9857954 ms.

Interrupt level 3: General request for service. Read the

interrupt status word (F6).

N

¢
Nept



- 6b - ' -

o

C o .AS_CII-table..ﬂfdr TDV 2100 . = .
7 - - o o o 0 1 1
.\ bs . -. » “ : - . o - ‘e o . . .1 - .1 - . o .o. -
b _ o] 1 ol x| o
7 A CURSCR | ' - -
o| olo|o 0 | Jroan AR\ 0 |@ | P
T 1
ol oo |1 1 _ CRN a Q
. | - 'VIDEO o .
P cjoj1]o 2 o 2 B R
AR } VIDEO | |
ooy 3 |V £ 3 c s
. , ' ERASE | : '
o|.1]0 |0 b e . $ a.| b T
ol 1|0 |1 5 | ENQ |NAK ) % 3 E 0O
0 1 1 0 6 ACK LAMP oo
Frear | & * ¢ | . F | ¥
] oy | ROLL
BICHEES SO IR BEL | ool 7 v G w
1|0fo |o 8 € | - ( 8 21 X
ERASE
1lolo |1 9 PAGE ) 9 I Y
10110 10 LF > : J z
= 1{of1 1| n v + | x | =
1| 1fo0o |0 12 ROLL ¥ 4 | < L | o
; 1IP
110 |1 13 R x [ — = M A a
11l o] ‘f’.’de‘" . > N | A
ilne
’ ' Normal ? o)
{1 ]| 1 /




2.3,

CPU Board

bl

The CPU-Board contains, in addition to the 8080 CPU,Athe
following: ‘ L . .

- Sockets for 8 k byte of: erasable PROM 1n 1 k byte. circuits.
- . 2 k byte of Random Access memory (RAM)

- Interrupt control circuits with 7 interrupt request inputs
and corresponding acknowledge’ outputs.

- Direct memory access control circuits with 4 DMA request
inputs and corresponding. GRANT outputs.

- Asynchroneous serial interface for 20 mA Current loop intendwgﬁ
ed for hard copy printer and test purposes. Referred to as
TTY interface.

Memory locations are:

- 8 k byte PROM from 0000 to lFFF (HEX)
- 2 k byte RAM from 2000 to 27FF (HEX)
The memory space from 2800 to 2FFF (HEX) is reserved.

The following Input/Output device codes apply:

Dev Code Input Output p
F4 TTY DATA : TTY DATA b=
FS TTY STATUS ' RESERVED

TTY STATUS byte information is:

bit Meaning

0 TBMT Transmitter Buffer Empty

1 DA Receive Data Available

2 NOT IN USE

3 PE . Receive Parity Error

4 OR Over-Run

5 FE Framing Error

6 NOT IN USE _ é}
7 BUSY " ( Diwcker bereir 2 4 - 6324 [2%) ‘
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Ba d.Rate for the TTY or PRINTER interface is selected by
switches on the board.

The INTERRUPT SYSTEM consists of a priority encoder receiving

-7 interrupt regquest lines. The lower number has the higher

priority. The circuits generates an interrupt senced by the

CPU at the end of current instruction. When the CPU acknowledges
the interrupt, a RESTART instruction corresponding to the active
request line with highest priority is fetched and the corre-
sponding interrupt acknowledge line is activated. The interrupt
enable Flip-flop is automatically switched off to give time to
reset the request.

The interrupt system is. enabled by the lnstructlon EI, and dlS'

abled by the instruction DI.

~ot

The interrupt levels are allocated as follows:

Level Device Restart Address
0 RESET (Overiding) 0
1l DISPLAY REFRESH LOGIC 8 (50 tlmes/sec)
2 SYNC. INTERFACE 10 (HEX) .
3 "MASTER DISPLAY 18
4 CLUSTER INTERFACE 20 " N
5 SPARE (CLUSTER INTF. II) A 28 "
6" FLOPPY DISK. CTR 30 "
7 CASSETTE CTR ‘ 38

The DIRECT MEMORY ACCESS control circuits provides control for
four devices connected to the general bus to transfer data to

and from' the systems memory, including the RAM. on the CPU board.
Address pointers and word counters must be lccated on the devices.
The DMA contrcl monitors for DMA REQUEST lines (l-4) number one
has the highest priority. DMA transfer can take place in a memory
fetch cycle only, and GRANT is not given before the CPU has read
it's instruction. Then the appropriate GRANT line becomes active,
and remains so for one microsecond. An exeption is DMA channel- 1,
where GRANT will remain active as long as the request is active.
In addition to the GRANT line to each device, a signal DMA R/W is
activated, to carry the information the GRANT has been given.

The DMA-channels are allocated as follows:

DMA-channel - Device )
1 Test ,
2 Floppy Disc Controller
3 Cassette Controller J
4 (Spare)




Maximum transfer rate for channel 2,3 and 4 (sum of rates)
should be less than 50 k bytes/sec. For channel 1, maximum
transfer rate is limited by the memory circuits.

-
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2.4. KEYBOARD . . . .00 ot

Fig. 2.4.1 shows a keyboard configured to the maximum number of
keys. Each key marked with a number can generate an ASCII code
and those with text will generate a functionsignal for use only
in the keyboard or in the display unit. Keys marked with text
and numbers have both possibilities, depending on the type of
switch in that position.

When specifying a keyboard’a table must be given containing key-
numbers in the left column and codes for different key-
board modes in the right column. See example below.

' , CODES (HEX)
KEY NO. UNSHIFT SHIFT CTRL CTRL+SHIFT
3 1B 1B - -
52 61 41 01 01
76" 2E 3A - -
77 2D 5F° - 1F

" in a column means that no code will be generated. This
is possible only in the CTRL and CTRL + SEIFT mode. Codes gene-
rated in those two modes can not be freely chosen. Codes generated
in these modes will be identical to codes generated in non-CTRL"
mode, except for bits 6 and 7, which are both zero.

When planning a code layout for a keyboard remember that the
codes are electrically programmable and easy to change, but  the
key-layout is mecanically fixed and therefore much more expensive
to change. Key positions not used must be covered by a top-cover,
thus every new key-layout requires a different top-cover. The
number of configuration requiring different mechanical layouts
should therefore be kept to a minimum.



11

s

14IHS 14IHS
(4] Lot 16 se 4] (X ] 08
88 78
6L -] L9 13
224} 801 6 [73 9 St " € i L oL 69 09 S9 79
1 JIHS 13IHS 13IHS 99
Nv3IY dnivl
114} 801 €6 (1] 9 19 09 6S 8s LS 95 SS 5 €S 4] %01 0s (3] 8y
€9 14IHS,
St
L14] (1] 111 cs St LY 9 Sy v €y (4] 1 0y 6¢ 8E Le 9¢ W19 14 13 49
]
n
[R{] m 6 13 € 6 T [X 4 Y | 14 - \ ] |
S v 3vdl 0 14 L} 9 11 14 [£4 12 T 0 1] [ ] L 9
[ X 78 | [=€
INN Nv¥i]l ¥Vv3I) 11} 4} n ol [ 8 L 9 S y €

Yynivisve L1AN
Yd 3INIISVI Y04 ¥INKHON L1SvL




- 12 -

in addition to the keys the keyboaré comprises some status-
indicators (LEDs) and an intensity pot.meter placed above the
key section. The positions are indicated below.
| 1] o ©o o o o o o0 o
INTENSITY Ll L2 - L3 - L4 L5 L6 L7 L8
gh S O\
: KEY-SECTION -
The "LEDs will be identified with text written below each
~indicator.
Our TTY-replacement will be marked as follows-
Ll POWER ON
L2 ON LINE
L3 CAR.RIER :
*5 L4 ERROR’ .
LS ENQUIRY . -7
L6  ACK = - |
L7 NAK
L8 WAIT
L5, L6 and L7 can be used and marked at the users discretion. -
L5, L6 and L7 will turn on when the display receives the codes’
05, 06 and 15. (HEX):  accordingly. All three lamps are turned off
either with the CLEAR key or when the display receives the code

16 (strap selectable in the display).
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2.5. .CLUSTER INTERFACE

The Cluster Interface is the link between the CPU, programmed 1I/0
and up to seven slave displays or printers. The block diagram for
a cluster system is shown below:

PO Pl

P2

- CLUSTER P3
@ INTERFACE |
(C.I? 5a

P6 PS P = Peripherial

The communication between C.I. and each display or printer will

be accomplished by a serial asyncronous full-duplex channel, nor-
mally based on a four wire 20 mA current locop. (Four of the
channels may also use V.28 levels.) Transmission rate between

C.I. and the peripherials will be adjusted to match the rate of the
peripherial. We will normally use 19200 bits/sec. to and from a
display provided the distance is less than 200 m ( 600 £t) and 9600
bits/sec. if the distance is between 200 m and 600 m. Beyond 6CJ m
we will normally use a modem in each end of the line. Then we will
have one of the two situations below:

i _ﬁ_ LOM —/I/L___ oM DISPLAY i

Syncronouébline,
9600 bits/sec. (max

L 6 km distance)
Asyncronous 9%600 bits/s Full duplex

C.I. amM. L“ A.M. DISPLAY
Asyncronous line,

1200 bits/sec

Asyncronous Full duplex
line, 1200 (No distance limitation)
bits/sec.

(on V.28 levels, max 15 m)

= Local Modem (syncronous) .
A.M. = A syncronous Line Modem QD
I Asyncronous to Isocrcnous converter

>
i
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.Programming a Cluster Interface can be done two different ways,

" with or without use of the .interrupt system. We shall first con-

-.gider- programming: without' interrupt. All exchange of ‘data/status

The table is shown below.

__between CPU and C.I. is controlled by device codes (addresses).

Output .

Device Input
code -
00 (80) DATA FROM PERIPH. O . DATA TO PERIPH. 0
Ol (81) [} " e Pl . - " ". -..le e .
02 (82) " " ~ P2 "o . P2
03 (83) " " P3 " " « P3
04 (84) " " P4 " " P4
05. (85) " " PS5 " " PS
06 (86) " " P6 " " Pé
07 (87) NOT IN USE NOT IN USE
08 (88) STATUS FROM PO " ONLY IN INTERRUPT PROGRAMMING
09 (89) " " Pl L "
OA (BA) B [} n Pz ] L] [] [
OB (8B) " " P3 n n " [
Oc (BC) " " P4 " L L] 1]
OD (BD) " " Ps " n n
OE (8E){ - " ' P6 . " " R
‘ONLY IN INTER- ‘ NOT IN USE

‘",RQF

&

. (8F)

"o

: ;(;.)

L+ B
H
=

'RUPT PROG.

- CLUSTER INTERFACE II.

Input Status byte information is:

Meaning’
0 Transmitter Ready for a new byte .
1 " Receiver. Ready with a new byte
2 NOT IN USE | _
3 The received byte has a parity error
4 The received byte before this was not read
5 The received byte was without a stop b1t (BREAK)
6 NOT IN USE -
7 NOT .IN USE

All status bits ls active when the blts ‘are a 1.

Bits NOT IN USE Wlll always be 1.

Only 7 bits of the data byte will be significant, bits 0 through
6. Bit 6 being the most signlflcant bit. Bit 7 will be madea 0 in

an input instruction, and is not significant in on output.

When programming, one has to look for a ready status blt and then,
if active, exchange a data byte. -

,/‘-)

S

When using the interrupt system for data transfers another approach

must be used. Before sending a byte to a. peripherial output inter-

rupts should be enabled by giving the C.I. a control byte. When
is ready it will interrupt on level 6. The interrupt

the C.I.
routine must first read an Interrupt status byte using the device
code OF.

\
,

—’



The Interrupt status byte

information is:

BIT Meaning
0 If 1, we have an interrupt pending, if 0, we have not
1 NOT IN USE WLll be logical 1
" n " " n.
g n ] " " " ”n
4 A, The least significant bit of the lnterrupt code
5 B, The second " .. "
6 C, The second most " von " " u
7 D, The most " won " " "
‘Interrupt code.
DCBA Meaning 83
0000 Interrupt from . PO .
0001 " " Pl
0010 " " P2
0011 " " P3 INPUT
0100 " " P4
0101 " " P5
0110 _ " " P6 .
0111 NQOT IN USE
1000 Interrupt from PO
1001 " " Pl
1010 " " P2
1011 " " P3 QUTPUT
1100 " " P4
1101 " " P5
1110 " " P6
1111 NOT IN USE
. €.
Interrupt for output must be enabled by giving a control byte
(only bit 0 and bit 1 is significant) to C.I. The table below
will describe how: _
Control byte.
Device code bit 0| Meaning when bit 1 =0
08 (88) 1 Enabling output interrupt pOSSlblllty for j={8]
0 Disabkling "
09 (89) 1 Enabling " " " " Pl
0 Disabling " " ] " "
oA (3A) 1 Enabling " " " " P2
0 Disabling " " " "
0B (8B) 1 Enabling " " " " P3
_ 0 Disabling " " " ro
GC (8CQ) 1 Enabling " " " " P4
9 Disabling " " " " 'ﬁé
0D (8D) 1 Enabling " " " " PY
_ 0 Disabling " 1] " " "
OE (EE) l Enabllng " " 1 [ Ps
O Disabling " 1" " " "




- 16 -

T T WHernbit—l1 =—I—=all -output interrupt possibilities ( for all 7

peripherlals) will be disabled

- ~ -

Input interrupt will always be let through to the CPU and must
be handled before next byte has been received, one keystroke on
the keyboard later. When handling it the status byte should be
read first, checking any possible error in the received databyte.

After sending an interrupt on level 4(3, thisinterrupt request
must be reset immediately after acknowledge to allow the CPU to
enable interrupt again, thus enabling interrupt with higher prior-
ity to stop the normal sequence. However, there will not be sent
another interrupt request on level 6 until there has been a

period where no device (PO to P6) has requested service. Therefore
it must be checked whether a new request for service has occured '
while servicing the first one. This is accomplish by reading the
interrupt status word (device code 0F) before leaving interrupt
level 4(5).Thenbit 0 should be checked for a 1. 1 will indicate
that still more service is requested, and bit 7,6,5 and 4 will
contain the interrupt cocde. When bit 0 is a 0 no further service
is needed, and the C.I. will give a new lnterrupt request on level
4(5) when a new situation accures. . :



2.6. Floppy Disk Controller

The floppy disk system consists of a simple, low-priced disk 5%3\
and a controller/interface board. The floppy disk is a flexible
disk rotating 6 revolutions/sec. The disk is divided into 77 trac

numbered from 00 to 76.

The data (serial) transfer rate is 250

kilobits/sec. or 31,25 kilobytes/sec. The maximum data storage

capacity on one disk is approx.
format is employed.

Format:

246 kilobvtes when standard IrRNM37

Table 2.6.1 gives a summary of the instruction

ffotal number |Number of Reserved |Number of Number of Number ¢
of tracks data tracks | track sectors on |sectors on bytes o1
- each track |index track 00- |each sec
............ with 128 bytes | -+
77 74 2(75=76) |26(1=-26) 26 (1-26) 12¢
77 74 2(75-76) |15(1-15) 26 (1-26) 256 :
- except
............................... track 00
77 74 2(75-76) g8 (1-8) 26 (1-26) 512
‘ except
.................. | track 00
What number of bytes on each sector is initialized on the diskette

and commands set

for the floppy disk controller. Basically, there are 6 output

instructions,

1l which are optional).

1l input instruction, and 7 output commands

(includir

The output instructions are transferred prior to any commands.

These instructions contain information about drive address,

address, record length etc;

sector address,

necessary before any command can be executed.

track

information which is

The output commands are used to execute a write/read or seek opera

tion. When a operation is completed,
necessary bits in the status

the controller sets the

register and the interrupt line is s
true. The status register can then be read by an input instruction

After a command instruction has been transferred the next output-
or command instruction must not be given until the interrup
line is set true by the controller.

€§

Data transfer to and from the controller takes place via the

general DMA-system.

Read after write is not implemented.
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Table 2.6.1

TARTAR I

"'Summary of input/output lnstructions for the diskette drlve

controller.

Interrupt level: 6

DMA priority : 2

Output instructions (CPU - Controller)

" Mnemchic | Name - Address: ' Data transfer Bus (DBO-7) -~
e A |- Bus (Hek.): o e e
DRIVA — Drive © - xx30 7 0
Address Lo ' ‘ g
0|0} 0 0 |D4 |D3 |D2 |D1 -
£ - ‘A"l in one of D1-D4 selects one of '}
four drives.
Must be given before each commend.
_ Positive logic. Only one drive can
be selected at a time.
" RELTA Relative xx31 7 . -0
: .Track . .. . . . A .
Address R|T6 |TS |T4 |T3 |T2 |T1l |TO
The binary number TO - T6 is the
difference between the current and
the new track address (T6 most sig-
nificant bit). R indicates the
direction of the movement. To move
the head inward (towards a track
- with higher number), R is set to 1.
- Positive logic. Must be given befgfgmI
ol ) . wy t e . * . . jx
«=<CTA Sectcr | o XX32 s 7. o -0
' : Address . A B . R
O.[-0 IS5 |S4 [sS3 |S2 |S1l [SO
S0 - SS is the binary sector number,
. with S5 mcst significant bit. Posi=-
tive logic. An all zero number
is not wvalid.
) Must be given before each REDAT,
.~ WRTDA or WTDEL commend.

Don't care
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Address
Bux (Hex.)

Data transfer Bus (DB0-7) g@

-ADDHI

Address
Register
High

kx33

7 | 0

Al5|Al4|A13|A12|A11[Al10]|A9 | a8 [

This instruction is used to transfer

the most significant byte of the

memory start address to the con-
troller. Must be given before

each REDAT,WRTDA or WTDEL.command.
Al5 is the most significant bit of
the memory address. Positive logic

ADDLO

Address
Register
Low

¢33 4

7 3

A7 | A6 | AS| A4 | A3 | A2 | Al | AQ

This instruction is used to trm@%f
the least significant byte of the
memory address to the controller.

Must be given before each REDAT,
WRTDA or WTDEL command. _
AQ is the least significant bit of

the_memorX address.
Positive logic.

CLKBT

C10ck
Byte

x385

7 0

c7 |cs [cs ca |e3fcz2l| c1| co

This instruction is used +o
transfer the clock bit pattern

of the first byte to be written
in a write format operation.

Must be given before the WRTFO ‘e
command.

DATBT

Data
Byte

x386

7 0

D7 {D6 | DS | D4 {D3 {D2 | D1} DO

This instruction is used to
transfer the data bit pattern

of the first byte to be written
in a write formatoperation. Must
be given before the WRTFO command.
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1 Output .commands (CPU

-

- !

‘1. Address

-« controller)

Data'trahsfét Bus (DBO-7)

Mnemonlcr . Name. - -
PPTS p . Bus (Hex.) _
WRTDA - Write %37 7 0
B Data
) field | 1 1 1 1 0 0 0
Hex.: F1l .

) Prior to the transfer of this
command, it is necessary to carry
out' the ADDHI, ADDLO,
and SECTA instructions.

Positive logic. , N
WTDEL Write = 87 7
7 Deleted '
| pata 1 1 1 0 0 1
Hex.: F2
3 With this command. the controller
writes a deleted ID mark for the
data field.
’ 5 Prior to the transfer of this
' command, it is necessary to carry
out the ADDHI, ADDLO,
and SECTA instructions.
Positive logic.
‘ - . I /)
WRTFO Write LCG7 7 » 0
format-...}. - Y11 111]0]1

b - -

(optional)

"Hex.: FB
This command is employed to
initialized an entire track. Pricr
to the: transfer of this command,

‘it is necessarv to carrv out the

ADDHI, ADDLO, CLKBT and DATBT
instruction.

In the.execution of this command,
the data and clock bit patterns
for the whole track must be pro-
vided for by the main memory/CPU. _




Mnemonic

Name

Address

Data transfer Bus (DB0=7)

Bus (Hex.)

The controller starts by writ®sy
the 'last 45 bytes of the pre-
index gap. The clock bit pattern
for the first of these bytes must
be loaded into the S5 register
(with a CLKBT operation) and the
data bit pattern for the same
byte must be loaded into the S6
register (with a DATBT operation)
before the WRTFO command is given
The clock bit pattern for the
next byte must be in the first
memory location (the location no.
given by the ADDHI and ADDLO
instruction and the data bit
pattern for this byte must be in
the next (+1) memory location.
Then comes the next clock bit
pattern and so on. 3

N
Nominally, there is 5208 byte of
clocks and 5208 bytes of data to
be written into one track. The
write operation stops 1 byte
after the leading edge of the
index strobe has been detected.
Nominally, this is after the first
275 bytes of the pre-index gap.
Due to speed tolerances, the main
memcry should contain at least
100 bytes of gap data and 100
bytes of gap clocks more, to
compensate for worst case speed
variation. :



= Mnemoniéﬁ _Name" : Address Data transfer Bué[(DBO—?)
: y » : ‘Bus (Hex.) e R

A-i‘RﬁDAf i:} Reéé i k37 7

= o ok field 3 1110|000} o0

*

Hex.: gg

Prior to the transfer of this
it T command, it is necessary to carry
PP IR | ST R out the ADDHI and ADDLO, and
BT o T SECTA instructions.

" Positive logic.

1,

33 7 vi | . 0N

5;‘7'REDID’ “| Read ID..

Hex.: §§

This command is used to read an
ID-mark. 5 bytes are transferred _
to CPU:

Byte Contents

l. =~ ID Address Mark

2. Track address (binary)

3. Binary zero
4. Sector address (binary)

‘ 5. Record length (normally
i T zero) .. "
Prior to the transfer of this -
command, it is necessary to carry
out the ADDHI and ADDLO instruction

Positive logic.

SEEKT Seek k%37 7 | 0
Track 1l 1]l 1]lo0lo0f o] 1

Hex.: Eg

This command is used to move the
head to a new track. Prior to

this command, it is necessary to
carry out the RELTA instructions.

3 Positive logic.
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.

Mnemonic Name Address Data transfer Bus (DB0-7) '
Bus (Hex.) : %§
RECAL Recali-  [x37 7 - 0
brate 1{1|1]o]1|lz1]o] o
Hex.: EC

This command moves the head to
track 00.

Positive logic.
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n.‘t:‘ e Tt T
<4 ‘ : -
- " "Input instruction (Controller - CPU) D
- Mnemonic Name Address Data transfer Bus
' Bus (Hex.) - :
SENST - Sense 37 7 ) 0
 Status OPC | DR | NVC | NR | NA | CRE | sM | BSY
OPC = Operation completed
DR = Deleted Record x
NVC = Non-Valid command ‘ O
é~ NR = Drive not Ready ‘
P NA = No Address Mark
CRE = CRC Error
SM = Sector missing
BSY = Busy
NA/CRE =, Timing error in read operat.
Comment: The drive is ready when
the power is on, the floppy disk
inserted and the drive is selected.
- The Non-Valid command is set when-
ever the CPU transfer an irrecogniz-
able instruction or the CPU gives a
write command and the diskette is
file protected.
The interrupt line is set true when-
ever one or more bits in the sense
w4 status register is set true, exce )

for the busy status. The SENST ins o=

uction can be given at any time.
SENST must be read before every new

output inst/commands because

inst/com, must not be given when
BSY is true.

- DR is set when a deleted address'

mark is detected. Data is trans-
mitted as usual. After operation
is finished both DR and OPC are
true.

SM/CRE = Timing error during
. write data transfer
operation.
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2.7. Description of Synchronous Interface

The Synchronous Interface is used basically for communication
between the terminal-controller or terminal-master and the host
computer, This link should be synchronous to establish the most
efficient way of communication. Also the synchronous communi-

cation equipment can communicate at a higher baud-rate.

If, however, the host computer does not have a synchronous port,
the synchronous interface can be set up in an asynchronous mode.

o

This is done partially by the program and partially by a hardware

strap (the clock will then normally not be transmitted by the

communication equipment, and must therefore be generated by the
interface) . The interface board also contains 32f
ports for use in a multi-terminal cluster system. These 32 ports

8-bits input

will be programmed in such a way that an initial software program
can supply all necessary information about the cluster configura-
tion to the terminal-master.

Before going into detail about how to program the interface, the
first matter we have to settle is how to select among the diffe-

rent ports on this board. The table below gives the specific

device codes.

DEVICE
CODE (HEX)

QUTPUT .

INPUT

41

46

47

6096F
70>7F

DATA TO HOST
COMPUTER

COMMANDS FOR

"THE ABOVE TWO

PORTS

INTERRUPT ENABLE/
DISABLE (DBQO) FROM
THE DATA OUTPUT
PORT

DATA FRCM HCST
COMPUTER

STATUS FOR THE
ABOVE TWO PORTS

STATUS FOR THE
MODEM INTERFACE

THE INTERRUPT
STATUS WORD

CONFIG.PORT 00 - 15
CONFIG.PORT 16 - 31

When initially starting up (after power.on reset), the program

will be interrupted on level 2 by the interface., This is to

insure an initial reading of the status of the modem interface.
After this the modem status port will interrupt whenever there

has been a change since last modem status was read.

The vital part in the interface is an LSI-circuit, 8251, from

Intel., This IC programs the transfer of data between the inter-
face and the host computer., Therefore a detailed description of
the coperation of Intel 8251 is a part of this paper. The reader

should be familiar with this circuit before going further.

3

@3



In our system we will use .internal SYNC DETECT, and the SYNDET-
pin on 8251 is used to generate an interrupt when synchronization

.has been established. Further more both RxRDY and TxRDY is used

to generate interrupt, TxRDY, however, only if the output inter-
rupt enable flip-flop is set at the same time. This flip-flop is
set by giving the device code 47 together with a "1" in DBO out

to the interface. A "0" in DBO together with the device code 47

will reset the same £flip-flop.

When getting an interrupt from the interface (level 2) the pro-
gram should read the interrupt status word to see what caused the

interrupt.

The contents of this status word (device code 47, input). .is

DBO . RxRDY

DB; Qutput Interrupt ' All active
DB2 SYNCHRONIZATION DETECTED ONE :

DB3 MODEM STATUS INTERRUPT e

DB4 - DB7 NOT IN USE (will be 1 °* s)

If one interrupt occurs while another is pending but after the
interrupt.status word has been read, this will not cause another
interrupt. Therefore the program must check for this before
leaving the. interrupt level. This is done by reading the inter-
rupt status word one more time, checking that no interrupts are
active.

As mentioned before, the modem status word will give a modem
status interrupt if anything changes in the modem controlsignal-
interface. Getting such an interrupt, the program should read the
modem status word and examine the new situation. The modem status
word (device code 46, input) consists of the following signals.

DBO DATA TERMINAL READY, CT 108
o DBl DATA SET READY, CT 107 |
-  DB2 ‘| REQUEST TO SEND, CT105 All active
DB3 CLEAR TO SEND, CT 106 one
DB4 CARRIER INDICATION, CT 109
DBS CALLING INDICATOR, CT 125
DB6, DB7 NOT IN USE, WILL BE "1".

I



As seen by the description of 8251 the signal DATA TERMINAL
READY, DTR, also is a part of the status word from this device

(device code 41).

One thing the user should be aware of is that the signal CALLING
INDICATOR, CT125, is a temporary signal following the ringing
signal in an ordinary telephone. After causing an interrupt,

it will go passive again after approximately 1 second. Therefore
the modem status word must be read before thls, if CT125 is of

vital interest.

The remaining 32 ports on this board are called configuraticn

ports. The content is decided at installation time by programmin@

a PROM-IC (IM 5610).

D
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SILICON GATE MOS 8251

& .. .

DETAILED OPERATION DESCRIPTION .
General '
The compiete functional definition of the 8251 is program-
med by the systems software. A set of control words must
be sent out by the CPU to initialize the 8251 to support the
desired communications format. These control words will
program the: BAUD .RATE, CHARACTER LENGTH,
NUMBER OF STOP BITS, SYNCHRONOQUS or ASYNCH-
RONQOUS OPERATION, EVEN/ODD PARITY etc. In the
Synchronous Mode, options are also provided to select either
internal or external character synchronization.

Once programmed, the 8251 is ready to perform its com-
munication functions. The TxRDY output is raised “high”

All control-words written into the 8251 after the Mode In-

struction will load the Command Instruction. Command In-
structions can be written into the 8251 at any time in the

‘data block during the operation of the 8251, To retum to

the-Mode Instruction format a bit in the Command Instruc-
tion word can be set to initiate an internal Reset operation

-~ which automatically places the 8251 back into the Mode

to signal the CPU that the 8251 is ready to receive a char- .

acter. This output (TxRDY] is reset automatically when the
CP€ ites a character into the 8251. On the other hand,
the P51 receives serial data from the MODEM or 1/O de-
vice, _.on receiving an entire character the RxRDY output
is raised “high*’ to'signal the CPU that the B251 has a com-
slete char~=ter ready for the CPU to fetch. RxRDY is reset
automatically upon the CPU read operation.

The 8251 cannot begin transmission until the TxEN(T rans-
mitter Enable) bit is set in the Command Instruction and
it has received a Clear To Send (CTS) input. The TxD out-
put will be heid in the marking state upon Reset.

Programming the 8251

>rior to starting data transmission or reception, the 8251
nust be loaded with a set of control words generated by
the CPU. These control signals define the compiete func-
iional definition of the 8251 and must immediately follow
1 Reset operation (internal or external).

I'heUtrol wards are split into two formats:

[y

1. de Instruction
2. Command Instruction

VMode Instruction

This format defines the general ‘operational characteristics
of the 8251. It must follow a Reset operation (internal or
ixternal). Once the Mode instruction has been written into
he 8251 by the CPU, SYNC characters or Command in-
itructions may be inserted. .

command Instruction

This format defines a status word that is used to control
‘he actual operation of the 8251.

3oth the Mode and Command instructions must conform to
3 specified sequence for proper device operation. The Mode
instruction must be inserted immediately following a Reset
:pel%gn, prior to using the 8251 for data communication.

5-139

Instruction format. Command Instructions must follow the
Mode Instructions or Sync characters.

Clli'- 1 MODE INSTRUCTION
Co.1 SYNC CHARACTER 1 l SYNC MODE
cbet SYNC CHARACTER 2 . J ONLY *
C/5 <1 | COMMAND INSTRUCTION
e -0 J: DATA , .~ J;
C/D 1 | COMMAND INSTRUCTION
e DATA ;r
€/ = 1 | COMMAND INSTRUCTION
*The sacond SYNC i it MODE i

has programmed the 8251 to ungie character (nternai SYNC
Mode. Both SYNC characters are skipped il MODE instruction
has programensd the 8251 to ASYNC mods.

Typical Data Block

4




SILICON GATE MOS 8251

Mode' Instruction Definition

The 8251 can be used for either Asynchronous or Synchro-
nous data communication. To understand how the Mode
‘Instruction defines the functional operation of the 8251 the
designer can best view the device as two separate components
sharing the same package. One Asynchronous the other
Synchronous. The format definition can be changed “on
the fly” but for explanation purposes the two formats wiil
be isolated.

Asynchronous Mode (Transmission)

Whenever a data character is sent by the CPU the 8251
automatically adds a Start bit (low level) and the program-
‘med number of Stop bits.to each character. Also, an even
or odd Parity bit is inserted prior to the Stop bit(s), as de-
fined by the Mode Instruction. The character is then trans-
mitted as a serial data stream on the TxD output. The serial
data is shifted out on the falling edge of TxC at a rate equal
to 1, 1/16, or 1/64 that of the TxC, as defined by the Mode
Instruction. BREAK characters can be contmuousiy sent to
the TxD if commanded to do so.

When no data characters have loaded into the 8251 the
~ TxD output remains “high’ (marking) unless a Break {con-
tinuously low) has been programmed.

~ Asynchronous Mode (Receive)

The RxD line is normally high. A falling edge on this line
“triggers the beginning of a START bit. The validity of this
START bit is checked by again strobing this bit at its nom-
inal center. !f a low is detected again, it is a valid START
"bit, and the bit counter will start counting, The bit counter
locates the center of the data bits, the parity bit (if it ex-
ists) and the stop bits. If parity error occurs, the parity er-
ror Hag is set. Data and parity bits are sampled on the RxD
pin with the rising edge of RxC. If a low level is detected as
~ the STOP bit, the Framing Error flag will be set. The STOP
bit signals the end of a character. This character is then
loaded into the parallel |/O buffer of the 8251. The RxRDY
pin is raised to signal the CPU that a character is ready to
be fetched. |f a previous character has not been fetched by
_the CPU, the present character replaces it in the 1/O buf-
fer, and the OVERRUN flag is raised (thus the previous
character is lost). All of the error flags can be reset by a
command instruction. The occurrence of any of these er-
rors will not stop the operation of the 8251.

D, Dy Oy D, Oy D, D, D,
s, s |erfpen| |, |8,]e,
BAUD RATE FACTOR
3 1 [ o | 1
0 o | 1 | s
e | x| oex | eax)
CHARACTER LENGTH
0 1 o 1
0 3 1 1
QISTS BIQIS BIZVS BI%S

PARITY ENABLE

1= ENABLE 0 =0DISABLE

EVEN PARITY GENERATION/CHECK
1= EVEN

0= QDD
NUMEER OF STOP 8ITS

9 1 ]

0 0 1

* JINVALID

1
8T

Mode Instruction Format, Asynchronous Mode

TRANSMITTER NUTPUT

TxD MARKING

RECEIVER INPUT

AxD

START T PARITY
T DATA 8ITS oIT
START or PARITY
foui DATA eLnrs atl

TRANSMISSION FORMAT

CPU BYTE (58 BITS/CHAR)

gy
-

DATA CHARACTER

ASSEMBLED SERIAL DATA QUTPUT (Tx0)

- &

START
- 8T

DATA CHARACTER

Y -

PARITY
B8IT

RECEIVE FORMAT

SERIAL DATA INPUT (RxO}

START
AT

DATA CHARACTER

e

{ 4

PARITY
aIr

CPUBYTE (5.8 BITS/CHAR)®

DATA CHARACTER

i 4

*NOTE: IF CHARACTER LENGTH IS DEFINED ASS,60R 7
B1TS THE UNUSED 81TS ARE SET TO “ZERQ".

q
sTOP
8ITS
sToP
BITS

sTOP
8ITS
sToP
81Ts

Asynchronous Mode
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SIL{CON GATE MOS 8251
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Synchronous Mode (Transmission)

Fhe TxD output is continuously high until the CPU sends
xs first. character to.the 8251 which usually is a SYNC
sharacter. When the CTS line goes low, the first character
s serially transmitted out. All characters are shifted out on
the falling edge of TxC. Data is shifted out at the same
rate as the TxC

Dncc transrmsncn has started the data stream at TxD out-
3ut must continue at the TxC rate. |f the CPU does not pro-
ride: the 8251 with a character before the 8251 becomes
smpty, the SYNC characters (or character if in singie SYNC
~vord mode) will be automaticaily inserted in the TxD data
stream. In.this case, the TxEMPTY pin is raised high to sig-
nal that the 8251 is empty and SYNC characters are being
sent g\ut. The TxEMPTY pin is internally reset by the next
chf.\ ” ‘er being written into the 8251.

Synchronous Mode ( Réceive)

In this mode, character synchronization can be internally
or externally achieved. |f the internal SYNC mode has been
programmed, the receiver starts in a HUNT mode. Data on
the RxD pin is then sampled in on the rising edge of RxC.
The content of the Rx buffer is continuously compared
with the first SYNC character until a match occurs, If the
8251 nas been programmed for two SYNC characters, the
subsegquent received character is also compared; when both
SYNC characters have been detected, the USART ends the
HUNT mode and is in character synchronization. The SYN-
DET pin is then set high, and is reset automatically by a
STATUS READ.

In the external SYNC mode, synchronization is achieved by

appl*mgahlgh level on the SYNDET pin. The high level can -

be| 1oved after one RxC cycle.

Pari  :sror and overrun error are both checked in the same
way as in the Asynchronous Rx mode.

The CPU can command the receiver to enter the HUNT
mode if synchronization is lost. .

S Oy Dy O, Dy 0 D, O

SC3 |ESD| EP |PEN| L, | L, [ O | O

CHARACTER LENGTH
o 1 ° 1
o ° 1o

5

PARITY ENABLE
(1 = ENABLE)
(0= 0ISABLE)

EVEN PARITY GENERATION/CHEEX
1= EVEN
02000 -

EXTERNAL SYNC DETECT
1. SYNDET IS AN INPUT
0« SYNDET IS AN OUTPUT

SINGLE CHARACTER SYNC
1 = SINGLE SYNC CHARACTER
0 « DOUBLE SYNC CHARACTER

-8 7 8
8ITS |. 81TS | BITS | BITS | * -

Mode Instruction Format, Synchronous Mode

CPU BYTES (5-3 BITS/CHAR)

OATA CHARACTERS

ASSEMBLED SERIAL DATA OUTPUT (TxD)

SYNC SYNC

CHAR 1 CHAR 2 DATA CHARACTERS

—

RECEIVE FORMAT

SERIAL DATA INPUT (RxD)

SYNC SYNC

CHAR 1 CHAR 2 DATA CHARACTERS

CPU BYTES (5 8 8ITS/CHAR)

DATA CHARACTERS

Synchronous Mode, Transmission Format

5141
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COMMAND INSTRUCTION DEFINITION

"~ Once the functional definition of the 8251 has been pro-

grammed by the Mode Instruction and the Sync Characters
are loaded (if in Sync Made) then the device is ready to be
used for data communication. The Command [nstruction
controls the actual operation of the selected format. Func-
tions such as: Enable Transmit/Receive, Error Reset and
Modem Controls are provided by the Command Instruction.

Once the Mode Instruction has been written into the 8251

and Sync characters inserted, if necessary, then all further

“control writes” (C/D = 1) will load the Command In-
. struction. A Reset operation (internal or external) will
_return the 8251 to the Mode Instruction Format. .

STATUS READ DEFINITION

In data communication systems it is often necessary tu%

examine the ‘‘status’” of the active device to ascertain if
errors have occurred or other conditions that require tie
processor’s attention. The 8251 has facilities that allow the
programmer to “‘read’ the status of the device at any time
during the functional operation.

A normal “read” command is issued by the CPU with the
C/D input at one to accomplish this function.

Some of the bits in the Status Read Format have identical
meanings to external output pins so that the 8251 can be
used in a completely Palled environment or in an interrupt
driven environment.

O, 0Oy Oy 0O 0Oy 0Oy D Dy
otm

ATS | ER [SBRK TxEN

L TRANSMIT ENABLE
1 = snable
0 © dissbie

DATA TERMINAL
READY

“high'* will forcs OTR
QuUIpUt (O zero

RECEIVE ENABLE
1 = enable
0 = disable

SEND BREAK
CHARACTER
1 = forces TxD “low"
Q = normal operstion

ERROR RESET
1 * resat ail error flags
PE, OE, FE

REQUEST TO SEND_
- “high™ will force RTS
output to zevo

INTERNAL RESET
“high”* returns 8251 to
- Mode instruction Formet

ENTER HUNT MQOE
1 = ensbie werch for Syne
Characters

Command Instruction Format

0, Dy O¢ D, 0y 0, 0, 0,

SYNDET FE OE PE TxE AxADY | TxROY

SAME DEFINITIONS A3 {/O PINS )

PARITY ERAOR

The PE flag is et when 2 panity
wror is detected. It is reset by
the ER bit of the Command
Imstruction. PE does not inhibit
operstion of the 32S1.

QVERRUN ERROR

The OF flag is et when the CPY
does nat rsed a charsctey before
the naxt one becomes aveilable.
it is resat by the ER bit of the
Command Instruction. OE does
not inhibit operstion of the 82S1;
h , the iously g
cheracter is lost.

FRAMING ERROR (Asyng onty)
The FE flag is et when a valid
Stan bit iz not detected at the
end of evary charscter. it is reset
by the ER hit ot the Comrnd
imstruction. FE dows not mnhitee
ihe ooeration of the 8251. -

Status Read Format
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