
3.4 T99 1 28 I/O Board 

3. 4 .1 Introduction 

·"--, The T99128 board features 1 28 bidirectional open collector 
CRU input/ou t pu t b its. The CRU bits may be addressed in 
mu 1 t ip1 es of 1 to 16 bits • Extern a 1 interface is vi a four 
34 pin ribbon cables . The CRU base address is selected via 
DI P switches t o al l ow up to 16 T99 1 28 boards in a single 
system . 

3. 4. 2 Theory of Operation 

The T99128 board consists of four functional sections. One 
section is the control and decoding section and the other 
three are 32 bi t I/O modu l es. The control and decoding 
section buffers the incoming signals and provides the 
n ecessary decoding of t he address lines to select the 
individual bits. The 32 bit I/O modules each provide 32 bits 
of bidirectional CRU I/O. 

I nt erface to the r est of the, system consists of the address 
bus and CRU control lines (CRU out, CRU in, CRU c l ock). 
These signals are buffered by 74LS367's (U-17, U- 18, U-19). 
Address decoding is accomplished by U- 16, U-20, U-15, U-21 , 
and U-22. U-1 6 (a four input nor gate) detects logical zero 
on the four most significant address bits (AO t hrough A3). 
The output of U-16 is inver t ed by U- 20 to provide the enable 
f o r the 1-of - 1 6 decoder ( U -1 5 ) • The 1 - of - 1 6 . decoder ( U -1 5 ) 

'-...;' decodes the next four address lines (A4 throug h A7) to 
p r o v id e 1 6 b oar d s e 1 e c t sign a 1 s • The a ppr op r i ate board 
se l ect signal is in turn passed to U- 21 and U-22, another 
pair of l -of- 1 6 decoders, by the DIP switches Sl and S2. Sl 
and S2 wil l se l ect the· s t a r ting address of the T9912 8 board 
as follows: 

Swi t c h CRU base address 
Sl-1 > 7 00 
S l-2 >600 
Sl - 3 >500 
Sl - 4 >400 
S l -5 >300 
Sl-6 >2 00 
S l - 7 >100 
Sl-8 >000 
S2- l >F 00 
S2-2 >EOO 
S2 - 3 >DOO 
S2-4 >C 00 
S2-5 >B 00 
S2-6 >AOO 
S2- 7 >900 
S2-8 >800 
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Wh e n the l-of-16 decoder (U21) is enabled by the board select 
si gnal, it will decode the fo ur address lines, A8 throug h 
A 1 1 , to prod u c e an 8 b i t input s e 1 e c t sign a 1 • The 8 b i t 
input select signal is in turn routed to the appropriate 32 
bit module t o enab le the input bits. Output decoding is 
accomplished by the other l-of-1 6 decoder (U-22). It decodes 
th e add r ess lines A8 through All, an d produces an 8 bit 
output select signal. The output select, like the input 
s e 1 e c t , is r o u t e d t o on e o f t he 3 2 b i t I I 0 mod u 1 e S · t o s e 1 e c t 
th e app r opria t e output bit. The output select decoder is 
enabled by both the board select decoder and associated DIP 
switches and th e CRU clock pulse . Th e CRU c l o ck hs been 
buffered by U-20 to avoid possible glitch s ituations . 

The 32 bit I/O modules are a ll identical in nature and a r e 
r epresented by a single schemat ic drawing. For examp l e, pin 
14 of U-4 on the first module is SO(O). On the second it 
will be S0(4), on the thi rd it will be S0(8), and on th e 
l as t o ne it wi ll be S0(12 ) . J-1 is the 34 pin rib bon cable 
connecto r containing the 32 bits of bidirectional I/O . Pin 
1 and pin 34 of th is connector are both connected to ground. 
Thus, no damage t o the T99128 board wi ll oc cur by reversing 
th e connecto r. The indiv idual CRU bit numb e r, r elative to 
the base ad dress of th e 32 bit module in question is shown 
bel ow (module 0 is the rightmost module wh en viewe d from the 
edge of the boar d with th e interface cables): 

I/O c1rn CRU 
Mo dule Bits Base 

0 0 to lF 0 
1 20 to 3F 40 
2 40 to SF 80 
3 60 to 7F co 

Jl Conn . CRU bit 
pin no relativ e t o b ase 

1 ground 
2 4 
3 8 
4 5 
5 9 
6 6 
7 A 
8 7 
9 B 
10 1 
11 F 
12 2 
13 E 
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14 3 
15 D 
16 0 
17 c 
18 lF 
19 10 
20 lE 
21 11 
22 lC 
23 12 
24 lD 
25 13 
26 lB 
27 17 
28 lA 
29 16 
30 19 
31 15 
32 18 
33 14 
34 ground 

Pin one of the connector is marked by an arrow or some other 
distinctive marking. The odd numbered pins are on that side 
of the connecto r. The even numb e red pins are on the oppos it e 
side with pin 2 directly opposite pin 1 . For examp l e, pin 15 
of J-1 is bit number OD (hexadecimal) relative to the base 
address. If the ba se addr ess for the module is , let's say 
100, the ac tual CRU bit number is lOD (hexadecimal). 

On each of the modules U-11, U-12, U-13 and Ul4 are the input 
s e 1 e c t chips • When one o f these chip s is en ab 1 e d by the 8 
bit input select (for exampl e SI(O)) the appropriate bit 
numb e r sel e cted by the add r ess lines A-12 to A-14 will be 
placed on t he CRU input lin e. U-1, U-2, U-3, U-4 a r e the 
output chips. When one of the output chips is en a bled (fo r 
example SO(O)) the address lines A- 12 to A-14 are d ec oded to 
set or c le a r the appropriat e output bit. Each of the output 
bits are passed through 7407 open collector drivers (U-5, 
U- 6, U-7, U-8, U-9, U-10). These output b its then pass to 
th e edge connector and a r e also connected to the inp ut bits. 
Thus any time a prog ram sets or clears an output bit, the 
result a nt status of that bit may be examined using the input 
portion of .the I/O modules. The re s istor networ ks RNl, RN2, 
RN3, RN4, RNS, provide the necessary pull-up re sis t ors for 
t h e o p e n c o 11 e c t o r d r iv er s U - 5 t o U - 1 0 • Th e s e re s i s t o r 
network s may be omitted to obtain no n pulled-up bits or to 
pull the output bits up with exte r nal circuitry. 

3 . 4.3 Installation and Operation 
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To install the T99128 board in the system the address lines 
(J-4), the control lines (J-6), power and ground must be 
connected to the board. The starting CRU base address is 
selected by Sl and S2 as described earlier . If more than one 
T99128 board is installed in the system it is very important 
not to place both T99128 boards at the same CRU base address . 
In this case a bus conflict will exist and may d amage either 
of the boards. In addition, the T99SS CPU module uses bits 0 
to F so the y must be removed if the base address >000 is 
selected. 

Since the T99128 board is bidirectional it can be checked by 
the processor usin g a simple 9900 program. That prog r am is 
shown at the end of this section. You can enter this pro g ram 
by using the monitor and then execute it by a GO command to 
branch t o location 100. The program will print an error 
message if any of the input/output bits on the T99128 board 
in question are not functionin g properly. Another method of 
checking the T99128 board operation is to connect the J-1 
connector of one 1/0 module to the J-1 connector of another 
module and then transfer bits from one module to the other. 
If a bad bit is located, another simple program can help 
isolate th e troubl e spot. For example, let's assume that 
bit 35 (hexadecimal) is bad and that the I/O starting address 
is 100 (hence the actual CRU base address for the b ad bit is 
100 + 35 * 2=16A hexadecimal). The program shown below will 
toggle thi s bit form high to low to high ag ain continously. 
Simple oscillocope trouble shooting can easily locate the 
faulty component. 

LOOP 
LI R12,bad bit 
SBO 0 
SBZ 0 
JMP LOOP 
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PAGE-1 99128 TEST ROUTINE 

000 0 
0100 
0000 020C 
0004 lDOO 
0006 lFOO 
0008 1608 
OOOA lEOO 
OOOC lFOO 
OOOE 1305 
0010 05CC 
0012 028C 
0016 1AF6 
0018 2C00 

0100 

0200 

BASE 

LOOP 

* 

TITL '99128 TEST ROUTINE' 
DREG 
EQU 
LI 
SB O 
TB 
JNE 
SBZ 
TB 
JEQ 
INCT 
CI 
JL 
XOP 

>100 
Rl2,BASE 
0 
0 
ERROR 
0 
0 
ERROR 
Rl2 
Rl2,BASE+>100 
LOOP 
0,0 

BASE IS THE CRU BASE (BIT *2) 
SET STARTING BASE 
SET BIT HI GH 
IS IT HIGH? 
NO- ERROR 
SET BIT LOW 
IS IT LOW? 
NO-ERROR 
ON TO NEXT BIT 
FINISHED? 

FINISHED- BACK TO MONITOR 

* PRINT ERROR MESSAGE AND RETURN TO MONITOR 

* 
OOlA 0201 0028 ERROR 
OOlE 2C91 PRNT 
0020 0581 
0022 DOll 
0024 16FC 
0026 2COO 
0 02 8 OD OA MESS 
002A 4552 524F 
002E 522D 2043 
00 32 4 8 45 434B 

'---- 00 36 2052 3132 
0 03A 2046 4F52 
003E 2042 4954 
0042 204E 4F 2E 
0046 20 5 4 494D 
004A 4 553 2032 
004E 00 
0050 

0100 BASE OOlA 
0000 RO 0001 

*O OOD Rl3 *O 0 0.E 
*0004 R4 *0005 
*0009 R9 
EDIT/ASM/LOAD? 

ERROR 
Rl 
Rl4 
RS 

LI Rl,MESS 
OUT *Rl 
INC Rl 
MOVB *Rl, RO 
JNE PRNT 
XOP 0,0 
DATA >ODOA 

OUTPUT A CH AR ACTER 
ON TO NEXT 

TEXT 'ERROR - CHECK Rl2 FOR BIT NO. TIMES 2' 

BYTE 0 
END 

0004 
*OOOA 
*OOOF 
*0006 

LOOP 0028 
RlO *OOOB 
Rl 5 *0002 
R6 *0007 
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MESS OOlE PRNT 
Rl 1 oooc Rl2 
R2 *0003 R3 
R7 *0008 R8 


