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SUMMARY 

We have designed an analog dala colleclion and control board. It 
was designed to be connecled 10 lhe SlOO bus. Software was written to 
use lhe fealures of this D/ A arid AID converler. 

The buses and slandards described are inlended to make lhe job of 
inlerfacing easier. To plug the device into a system wilh no exlra work 
is every inlerface designer's dream. We have seen how the many users 
of lhe SIOO, CAMAC, IEEE-488 and EIA-RS232C slandards crea1e a 
large need for standard-compatible devices, modules, and syslems. If 
al all possible, stay within a standard. The design will be easier and 
your lime may be spenl on the harder problems. 

Parallel and serial bus standards, melhods of communicalion be­
lween modules, and an aclual bus interface example were presenled. 
The SIOO bus is the mosl popular parallel bus used now, wilh over 600 
differenl lypes of compalible boards being produced. The serial 
RS232C s1andard is lhe mos1 popular s1andard for dala communica­
tions, and versions of data fonnauing are used, with modems, to 
s1ore and relrieve dala from casseues and car1ridges, as described in 
Chapter 4. 

Power supplies are lhe hearl of a syslem. Regulalion, slabilily, and 
some design parameters have been discussed. The OEM solu1ion is ob­
viously one of lhe besl, as lhe power supply manufaclurer is a 
specialisl in regular and cus1om supply requiremenls. 
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THE MULTIPLEXER 

A CASE STUDY 

INTRODUCTION 

This sys1em is inlended 10 concenlrale 32 EIA RS232C-compalible 
lerminals onlo a single lwo-way high-speed lransmission line. Each 
1erminal has buffered oulpul and charac1er-by-charac1er inpul. Thus, 
lhe hosl compuler can spend less lime execuling the muhiplexing lask. 
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Designed for a PDP 11/70, the system is also applicable, with only 
code changes in &he host machine, to almost any host computer. The 
cost of providing this function is $SO per channel, as compared to 
usually around $250 per channel. The system is also cost-effective in 
clusters of fewer &han 12 terminals. 

The system uses the 8080 microprocessor, 825 I USRT, 8259 inter­
rupt controller, and other components in the 8080 family. The system 
has no modem-control features, as it was intended lo be at the site or 
1he 1erminals, saving even more money in man-hours or time and cost 
of wire for connec1ion. This does not even include the cost benefit or 
r ewer telephone lines and modems. 

THE SPECIFICATIONS 

The task of connecting a large number or terminals to a time­
sharing facility always presents &he engineer with a number or pro­
blems. Mos& have to do with lhe interconnection headaches of. 
modems, telephone wiring, patchboards for testing, and internal 
machine in&erf acing. . 

Remotely-located concentrators would eliminate many problems. 
The new problem: cost. The design goal here is to service 32 terminals 
at an inpu1 rate ne.ver exceeding 30 characters-per-second, and an ou1-
pu1 ra&e as fast as possible. Given that the 8080A could execute 
roughly 300 instructions in the time between characters al 9600 baud, 
if ii were 10 service 32 1erminals on input, it would have to have fewer 
than 300 instruc1ions in the polling loop for the terminals. Any time 
lef& over would be used for output. The code would have to be 1houghl 
ou, by1e-by-byte, with all coding being carefully optimized. A proto­
&ype was buill, under &he assumption that it could service at least 16 
terminals in a degraded mode. 

The &ypical statistics or our input was a maximum or I SO baud for 
any sec~nd, and a rate of SO baud for all 32 terminals combined. 
Thus, when completed, &he multiplexer could handle a maximum or 
I SO baud on all 32 al once, or a maximum of 300 baud on one. The 
ou1pu1 was a minimum'of 300 baud for all 32 al once, and typical 6000 
baud when there was a specific demand from a single user. 

ARCIIITt.:CTURE 

The architectural block diagram is presented in Fig. 7-1. Each ter­
minal has its own USART, because each needs a dedicated serial inter-
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face. The USARTs are grouped into fours and then placed onto cards, 
which are on the 8080A system bus. There are 8,192 bytes of RAM for 
data storage, and 1,024 bytes or EAROM for program, in the system .. 
Lastly, there is an interrupt controller and high-speed-channel card, 
which is on the bus. 

Each terminal, through its USART, has a 128-character buffer 
associated with it, for buffering output 10 the terminal. This takes 
4,096 bytes or the available RAM. The terminals-to-host queue is 256 
characters long. These lengths were chosen to optimize the communi­
cation-channel uansf ers. The method will not be discussed here. 
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There arc three processes, running one al a time: inpu1-outpu1 ser­
vice polling routine, hos1-10-1erminal buffer in&errupl process, and 
terminal-holding-queue to host interrupt process. They will be des­
cribed in the following section. 

SOFTWARE 

A nowchart of the software appears in Figs. 7-2, 7-l, 7-4 and 7-S. 
The software can be divided into four parts: the ini1ialiia1ion routine, 
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the polling routine, the interrupt routine to fill terminal buffers from 
the host, and the interrupt routine to empty the terminal-to-host 
waiting queue. 

The initialization runs only when reset, then the laller processes 
may run, one at a lime. They communicate only through the output 
data buffers and sh4ue no other common memory space, other than 
pointer tables. 

The initialization routine clears all memory. sets up tables. finds 
which boards are plugged in, resets all USARTs. and will print out er­
rors. if a debug board is installed. This is roughly all the system 
housekeeping. It sets the stack pointer. resets and sets the mode. 
speed, and number o.f bits-per-word on the USARTs. This section of 
the program is 60'11 of the code used for the whole application. 
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RETURN YES 

NO 

EMPTY QUEUE BY 
ONE CHARACTER 

RETURN I 

fi&. 7-5: Muldplexer Sofawue: Mux lo Ho.a Queue lnlerrupl 

The polling routine goes through the list sea up by the ini1ia!iza1ion 
program, testing 10 see if there has been a character typed by a ter­
minal, or if I here is da1a in a buffer, 10 be ou1pu1 lo a lerminal. Thus, 
each of lhe 32 1erminals is serviced once during each pass. If 1he 
channel-10-hos1 is busy (ii lakes I millisecond 10 1ransmi1 a charac1er 
al 9600 baud), the charac1ers are pul in10 a wailing queue lhal will be 
serviced when 1he "channel-no1-busy" imerrupl comes in. If 1he chan­
nel is no1 busy, lhe wailing queue is emp1ied by one charac1er, and the 
character curremly wailing is placed al 1he end of the line, in the 
queue. In this way, lhe queue-service rou1ine is primed and will con­
tinue 10 interrupt, when not busy, 10 empty all the characters wailing 
for the channel. The formal used for data lransmission is the follow­
ing: 1he iag for 1ha1 terminal is sem first, and then the characler is sent 
10 1he hosl, via the queue rouline. Each board has i1s own priority 
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1able, so lhal only one inpul is processed, per pass, per board. Afler a 
characler is lransmilled, or, if a board has no characters, lhe buffer 
area for each terminal is lhen checked 10 find if there is an output 
character pending (these are placed in the buffer by the host-interrupt 
routine). If so, lhe buffer gives ils character 10 the USART 10 be uans­
milled, and all lhe pointers are updated. When there are no incoming 
characters, and no buff er is r ull, the system still polls each board for 
inpul, and each USART buffer for ou1pu1. 

The channel-queue-imerrupl rouline looks al the queue, and lrans­
mils a character, if there is one wailing; otherwise ii returns. This rou-
1ine will not be called again by imerrupt, until the polling rouline 
primes il by sendin1 a character. 

The hosl-interrupl routine waits for information 10 come from lhe 
11/10, or hosl machine, before it executes. When a character is re­
ceived, and ready, an interrupl is 1enera1ed that 1hen s1arls this inter­
rupt process. This process checks the incoming character and, if it is 
data, places it in the appropriate output buffer area. After this, poll­
ing resumes. Other characters from the host perform status requests, 
da1a-ta1-switch, and soft-restart commands. 

The hosl-inlerrupl routine may interrupt al any lime during polling. 
It first saves the status vector of the machine, then picks up the char­
acter that caused the interrupt. If the most-significant-bit (MSB) is a 
"I", the character is a lag, or a command. If it is a lag, it is stored, so 
that the following data characlers are loaded in10 the buffer pointed 
10 by the last tag. · 

The most-significant-bit could also mean that it is a command. The 
commands ·allowed are: "status-request," "slat us-change," and 
"sof1-res1ar1." "Status-request" will send back a s1a1us tag followed 
by the status of that USART. "Stal us-change" will take lhe nexl char­
acter, and transfer it to the USART control register. This can be used 
lo turn ports on or off, and change baud rate by a factor of four. 
"Soft-restarl" will reinitialize the entire system. Caulion is advised in 
the use of these controls: do not expect the data buffers to be unaffec­
ted by their use! This is because these commands require more time 
than is allowed to poll all the terminals. Thus, in1errup1s are locked 
out and characters may be lost. These commands are usually used to 
re-intitialize the system from the host, after the host crashes. 

The most-significant-bit being "O" means that 1he character repre­
sents data. This character is then loaded in10 the last place in the buf­
f er pointed to by the last tag. All following characters will load into 
the same buffer, until a new tag is sent. 
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The CPU and PROM Module 

In Fig. 7-6, we see the 8080 CPU board schematic. This board con­
tains all of the necessary CPU interface circuilry along with one 2708 
programmable ROM and the necessary bus buffers. 
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The 8080 needs a clock and a system controller~ These functions are 
provided by the 8224 and the 8228 chips, respectively. The 8224 pro­
vides the necessary timing from the 18-megahenz crystal 10 drive the 
two-phase clock of the 8080. It also provides the reset signal synchro­
nization necessary. 
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The 8228 system controller provides the system with the control bus 
and also burf ers the da1a bus, so that all of the mod,des in the system 
can be driven with no load limitation. 

Also on this board are 1,024 bytes of EPROM provided by the 
2708. Notice thal the selection of this device is folly decoded. The 
EPROM will only respond to addresses from "0000" hexadecimal to 
"OlFF" hc;xadecimal. This is where the multiplexer program resides. 

The selection is done as follows: all address bits A 10 through A IS 
must be low, to enable 1he EPROM, as well as the MEMR signal. The 
first four of those sianals, along with this MEMR, go to a l-of-8 
decoder. an 820S. If all of these are zero, then the first output is 
selected. Then this output is checked with the last two address lines. If 
all are zero, then the Csls held low, selecting the EPROM. The 
EPROM bus driver, an 8212, is also enabled at this time to drive the 
appropriate cells' data onto the data bus, to be read by the processor. 
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R11. .• , Modules 

There are lwo memory cards in lhis syslem. They are bolh idenlical, 
excepl one is for addresses "1000" hexadecimal lhrough II IFFF" 
hexadecimal, and lhe olher is for addresses "2000" hexadecimal 
1hrough 11 2FFF" hexadecimal. These 1wo cards provide 8,192 bytes or 
RAM slorage. · 

Each card conlains 12 slatic 1,024 x 1-bil RAM chips, bus drivers 
and receivers, and address-seleclion logic. 

A single RAM chip can saore 1,024 bils or information. In order to 
slore 4,096 x 8 bils, we need to organize lhese chips inlo a memory 
array. Note lhat we need one chip for each bil, and lhal we need four 
sels for 4,096 byles. 
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Since, for any group or 1,024 byles, eight 91 L02s will need 10 be 

enabled, lhe chip-selecls for each or 1he groups of eighl are lied 
1oge1her. From lhcre, lhesc four 1roup-selec1s go 10 a I-or-a decoder. 

... 
•• ... 
Al 

AJ 

AJ 

At 

... 

.... 
Al 

AJ 00 

AJ 

• 
• ... 

01 -- "' ... 
I I I Po --t"' •• Cl 

Fla. 7-9: Plnoul ol 91L01C 

DI I 

DO I 

DI 1 

DO 1 

DI 2 I I:> I 1 

DO 2 

oo 1 

DIEN 

DB 8 

DB 1 

-- DB2 

· DB 1 

cs 

Fla. 7-10: 1116 Bldlrecalonal Bus Drivers 

-



., ( ) 

1 ..... data bits ire bussed from each group in the direction perpen­
dicular to the chip select. All bit Os should be tied to1cther, as well as 
bit Is, bit ls, bit ls, etc. Since 91L02's cannot drive the bus directly, 
all input data lines come from an 8216 bidirectional bus driver and 
receiver. In a similar fashion, all data outputs from the 9ll02s 10 to 
the 8216 bidirectional bus drivers. An illustration of the 8216 appears 
in Fis. 7-10. 

Two of these devices will provide a standard method of listenin1 to, 
and driving, the data bus. The DIEN signal controls whether the bus is 
driven by the 8216, or whether the bus is listened to. The CS enables 
the outputs to drive both the bus and the DO oulputs. If CA is hi1h, all 
of the DB and DO pins arc in lhe hi1h-impcdance slale. 

The direction of dala-now is delcrmincd by 1hc MEMR si1nal. ' 
When ii is low, the RAM will pul dala out onlo the DI lines of lhc 
8216s. The bus-drivers will be enabled, to drive the 8080dala bus with 
lhis data. At all olher times, 1hc memory array listens to the bus. The 
only lime il will write data into the memory is when the MEMW si1nal 
goes low and the chips are selected. 

The address selection is performed in a way so thal the address of 
1hc board may be selected by jumper wires. The low ten address bits 
go directly to the 91L02s. The next two bits 10 to a l-of-8 decoder 
(820S) to select one of the four sets of ci1ht memory chips. The enable 
line of the 8205 comes from a wirc-ANDcd combination of exclusive­
or (XOR) gates. 

Only when all of the outputs from these four aatcs arc high will lhc 
memory board be enabled. Each XOR 1atc compares an address bit 
with a jumper wired to "I" or "O". If both are identical, the outpul 
will be "0". If they arc differcnl, the ou1pu1 will be" I". To sci lhesc 
jumpers for the ri1h1 address, we sci lhe·jumpcr to the opposite of 
whal the high four address bils should be. If we wanl "0010", for 
A 15-A 12, the jumpers should be tied to "I", "I", "0", "I", rcspec­
·tively. In 1his way, 1he board will respond only when an address lies in 
the area of OOI0XXXXXXXXXXX1• This is' pages "20" 1hrough 
"2F" hexadecimal, or "2000" lhrough "2FFF" hexadecimal. Exer­
cise for the alert reader: Whal should the jumpers be for "JO()()" 

through "J FFF"? 

The USART Board 

In Fig. 7-11, the ~asic card for all the lerminals' in1crfacc is shown. 
This card conlains four 8251 USARTs, a baud-ralc clock genera1or, 
and a priorily-encoded slalus-gcncration PROM. 
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• he 82S I is lhe basic serial in&erface element. Grouped four 10 a 
card, they are connected on their data buses 10 form an on-card data 
bus. Similar 10 lhe memory card, this on-card bus is buffered by 8216s 
onlo the system bus. This is because the 82SI cannot drive more than 
eighl other LSTTL loads. The 82S I is selected by implementing an 
address-decoding technique, using an 820S. Nole how these devices 
are memory-mapped inpu1-ou1pu1. Thal is, since 1he same signals 1ha1 
control memory (MEMW, MEMR) con1rol 1hc USARTs, &hey appear 
as memory local ions. According 10 our memory map, when bi1 A IS is 
high, we are addressing inpu1-ou1pu1. This corresponds 10 locations 
from "8000" lo "8FFF" hexadecimal. Nole 1ha1 since lhe lower eighl 
address lines are nol decoded, 1hese are "don'I cares" in our memory­
mapped 1/0 map. 

The firs& card slarls al "BOXX" (where "XX" means 1ha1 lhcsc bils 
do nol mailer) and, since each USART has 1wo regis1crs (inpu1-ou1pu1 
and con1rol:_;1he address ends al "87XX" hexadecimal. The nexl card 
goes from "88XX" 10 "8FXX", and so on, wi1h lhe lasl card ad­
dressed by "88XX" 10 "BFXX". The even page-addresses arc 1he 
s1a1us regf,1ers, and ahe odd ones arc lhc daaa-in and dala-oul 
registers. 

Note also 1ha1 &here is a special PROM on lhc card, which is de­
coded by a separale decoder. lls address is "70XX" for the firsl card · 
and "77XX" for 1he last card. The function of lhis PROM is 10 place 
on lhe dala bus lhe ac1ual address of the USART which has received a 
characler from ils 1erminal. How is this done? Each of lhe "RxRdy" 
lines on lhe USARTs indicate whether a charac1cr has been received. 
These four lines, one from each USART, arc lied lo lhe address lines 
of lhe PROM. 

One of 16 possible by1es may be selecled by lhe decoding. The fifth 
address bit is jumpered lo a one or a zero. In lhis way, the same 
PROM can be used for board O or board I, by placing in the other 16 
local ions lhe addresses for board I, and selling the jumper on the fiflh 
address bil 10 a I (jumper 10 zero for even, one for odd). Whal arc 
these 16 locations? They are simply a table of the addresses "81 ", 
"83", "8S" and "87" hexadecimal for board zero, and "89", "88", 
"8D", "SF" for boar~ one. Similar PROMs arc made for the other 
six boards. 

The values are placed in such a way 1ha1 the first location in the 
PROM is a byte of zeroes. Thal way, when no USART has a character 
and all RxRdy lines are low, the byte of status is all zeroes, indicating 
lhal there is "nothing" 10 do for this board. If ii is nol zero, then a 
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character is wailing. To make sure 1ha1 it is easy 10 aell which USART 
is wailing, lhe nexl loca1ion con&ains the value "81 ": if the firsl 
USART is wailing, and all &he olhers arc nol, ahe program will receive 
an "81" from 1hc s1a1us PROM. The program can then use this value 
10 directly address ahe acaual character wailing. Whal is more, lhc 
value "81" can be masked, 10 form the lag for lhe dala fetched. 

The ncxl 1wo loca1ions contain "83", lhe next four '.'8S", and lhe 
nexl eighl, ''87". In lhis way, a priority table is formed so ahal, as 
each USART is serviced, ahc nexl one waiting will be serviced in &urn. 

This method of addressing the status PROM allows the program 10 
use only a few instructions 10 idenairy which USART, out of 12 possi­
ble ones, is ready wilh a character, fetch the character, and generate 
the proper lag from 1ha1 status informa1ion. 

There are two in&erface chips 10 lake lhe TTL serial inputs and out­
puts from lhe USARTs and convert ahem to EIA-RS232C + 12 and 
- 12 voll-scrial pulses. These are simple level-1ransla1or integrated cir­
cuits. 
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·1 ne lasl seclion consisls of an astable multivibrator, synchronized 

by a crystal, to provide the timing for the serial-bit clocks. Two simple 
dividers are on each board to provide the USARTs wilh all or lhe com­
mon serial rates. This is shown in Fig. 7-12. 

TIie Host lnterf ace .B~ard 

This module con&ains: the hosl USART, &he inlerrupl con&roller, 
and a baud-rale genera&or for &he host-10°mul1iplexer communication 
rates. II appears in Fig. 7-13. 
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Fla. 7-ll: Host Interface Board 

The units on &his board are addressed as input-output ports, instead 
of memory loca&ions. The U_SART is addressed as ports "F9" and 
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oon 11 
0016 Cl 
0011 Ir 
0011 n 
OOlt Cl -- CIICIOO 
OOU Cl -· 0021,t 
0029 Nra 
OOH dell 
002I t&JIOO 
00)0 ff 

00)1 " 
00)2 ct 
oo)I 
00)1 Ct 
Oll)fM 
GOil U ooa ,, 
GO IC CIIIID2 
OO'JI Jd ...... 
-) ,. 
00" II •s DI 

D'IO: 

ura, 

·"· 
..,.,, 

l'Ofaf, 

ant, 

OIG OI -LIi ar.2r,n ., 
J .. l■ IT ..... ..... 
l'UIII • ...... 
CALL ,mo 
NIii A ,OOIIII 
CIUT-11 --POP I -· -· .. , , 
II 

UT -­CALLIIID50 
11ST 0 

OIGOD2 .. 
1'1111 PSII 

•• oora■ 
... 00011 
Jl ro,a, 
.. , 1 

'°'"" •n 
OIO 00)11 ..... ..... ..... ...... 
CW. Ollt 
NII I a,OOOIII 
CIUT-11 

---· -· 

0 l■ ITULIZATIO■ 5TAIITS 

011.'T TIii ITACII fOIIITU 
;DIIAILI TIii IITlllllffl 

···- HStAIT llfOII usn 
•- 'IO IIIX UT VSC'IOII 
, .... stA'IIIS VIC'IOII 

; ,mo GETS TIIE CIWIACTD ,_ 
,-t--DICOlltll IT AIIII llff\NS. 
i IIITIIIMIPT COIITIOLLEI IISlt lff I 

1fl.AG 
; POP stAfllS VECTOII 
,nlNE flllPIE 

i SOf"l'WAIII tl£SLT 

;SAVI A A■D FLAGS 
;IEAII TIii IISIT STATUS ; c• FOi TIIDI 

;IF - IS IUSI -~-■ 
;II.SE CALL ■sTt fOI FIFO SDVICI 
;'IO C• IF A■ITIIIIIG IS II TB 
;flfO TO St:ID to 11 /lO 

; IIH to IIOIIT 11ST VICTOII 

,CIA.EL IOT _, 

;Ol■T IS CIUTl'UT A CIAMCTD 

;,_ QUlllE 

Fla. 7-15: Example of Interrupt Control 
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RSTf; 

RSTI; 

RST4; 

RSTS; 

RSTI; 

394. 

Hardware Initialize. 

Character from Host has arrived. 

Soft-reset on program fail ROM 
detect. 

Channel to Host is not-busy check. 
Mux to Host buffer queue should be 
emptied. 

Channel to Host is not-busy. Check 
buff er queue for characters, if any 
transmit, if not, return. 

Fla. 7-16: Vectors in Software 

( ' 

el 

~ 

' 
"FA" hexadecimal, for control and data, respectively. There is a 
duplicale of the baud-rate circuit here lo generale 1he "TxC" and 
"RxC" signals for lhe host-to-mulliplexer USART, as ahese rales may 
differ from any of the others in a typical system. 

The interrupt controller takes the "RxRdy" and TxRdy" signals 
from the USART and generates two interrupt vectors, number I and 
number 7. Number I is to signal that a character has been received 
from 1he host and should be processed, and n~mber 7 indicates that 
the USART can be reloaded to transmit anoaher character to the host. 

The 82S9 inaerrupt conaroller is set up by the initialization rouline, 
10 call the service routines at the proper locations and service the inter­
rupts on a roaatina basis. After an interrupt has been serviced, ahe 
software will reset the corresponding bit 0aa in the 82S9, and proceed 
with polling, until a new interrupt arrives. 

fig. 7-14 illustrates the initialization procedure of the PIC and Fig. 
7-16 presents the interrupt-handling code at the beginning of memory. 

PICTURES OF MULTIPLEXER PROTOTYPE P.C. BOARDS: 

Fia. 7-17: CPU 
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Fia. 7-17: RAM 

Fia. 7-19: Terminals' USART1 
! 

J9- I 

e l 

""' 

Fla. l-10: Hosl and lnlerrupl Control 

The channel-lo-host was set lo 9600 baud in both directions. The 
characters from each terminal.must be echoed, as this is a full-duplex 
system. For every character generated, the host must process and 
return the echo. There are 24 Lear-Siegler ADM-ls terminals, set lo 
9600-baud input and output. There are also four 300-baud terminals 
and four 300-baud dial-up lines on the multiplexer. 

Typical av~raged input rate is ten characters-per-second. Average 
output rate is 200 characters-per-second. Buffers in the host, for char­
acters waitina for output channel, are 9S.,, of the time empty, indi­
catina the host can get rid of data as fast as the channel can handle it, 
rather than as fast as the terminals can print. Maximum rates 
measured are IS characters-per-second on input, an'd 620 characters­
per-second on output. The maximum and typical figures were ob­
tained over a 17-hour period, when 90.,, of the terminals on the multi­
plexer were in use. 

Error rates were entirely due to the channel, or at least indislin­
auishable from other errors, such as operator errors and host errors. 

Photographs of the printed-circuit boards appear in Figs. 7-17, 
7-18, 7-19, 7-20. 
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CONCLUSION 

In this chapter, a complete int err ace was described. A step-by-step 
discussion or how each component was integrated into a module, how 
the modules created a subsystem and then the overall system, should 
enable the reader lo .follow through almost any other microprocessor 

• interface application. This particular application utilizes mos1 or the 
techniques discussed in previous chapters: interrupts, memory and 
1/0 management, integrating special techniques for software reduc­
tion in hardware, and external device int err ace were used here. · 

• 
THE SYSTEM OVERVIEW 

TIME-SHARE SYSTEM 

I. CENTRAL PROCESSOR 

2. MAINMEMORY 

2 I J. DISK STORAGE 

4. TAPE DRIVES 

5. COMMUNICATIONS PROCESSOR 
J I 6. PRINTER 

7 REMOTE MULTIPLEXER 
4 I ,I 

REMOTE MULTIPLEXER 

5 I 1 7 

6 

HOST - - USER USERTERMINALS 

Fla. 7-21: Overall Syslem 

39-
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-
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TESTING 

INTRODUCTION 

' 

Whal do you do when it doesn't work? Whal went wrong and why? 
The debu11in1 process, also known as testing or trouble-shooting, is 
an integral part of any system design. Murphy's Law usually holds: if 
anything can 10 wrong, it will. 

When faced with a misbehavina system, there are a number or tech­
niques available lo the designer for identifying and correcting pro­
blems. In this chapter, the causes of common problems, and 1heir 
solutions, will be presented. Problems such as component failure, 
software failure, and noise-induced failure will be analyzed, and 
methods for identifying them will be presenled. 

The tools necessary in order to identify and locale 1hese problems 
will also be described: voltmeter, logic probe, signa1ure analyzer, os­
cilloscope, digital analyzer, in-circuit emulator, emula1or, and 
simulator. 

Finally, a case history or the "One Bil in 16,384" will be presented. 
The example illustrates the debugging phase in the aclual design of the 
multiplexer presented in Chapter 7. 

WHAT GOES WRONG? 

Four essential problems may arise in a system: wiring raull-a short 
or open circuit; component railure-inclu~ing wrong value compo­
nents; software bugs; and noise or interrerence-ei1her internal or ex­
ternal. 

-
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Computer Power Supplies 
S!AIES REGULATED 

MUlTiPLE OUTPUT 
MICROPROCESSOR 
POWER SUPPLIES 
TRIPLE OUTPUT: 75 MA TO 3 AMP 
MICROPROCESSOR/GENERAL PURPOSE SERIES 

--.;#J,. 
!!ti~,. 

TEAPS SERIES 

A versatile and economical solution to 
many DC power application-. IC regulated. 
Not • ......_ tlVOugll Dtslributon 
C.n1"'1 IM<: tnw,111i,.,,r:1; 5it•'-'lll 01!,cc n4.1a, you 

A.C. I ..... : 1111230V J: tca, 47-13 Hz. 

O.C. Out.-.: SN t•le. Outoua a2"and ~ - indeaendent 
and ilOlacld, eitMI' outouc ffl8¥ 1M graulldld CIOSttiW or "•'iv& 
Like volt ... OUfDUtl ll'l9Y tie perellelld to P;fOWtdt lligMr 
cunent OUtllUtl. 

TrwiaM A.....,.: L- tfleff 50 micn:l"!=Dndi. 
T......,._ CNffici...c: 0.02SIOC 10.0005,.,ec ,.,.._,, _ 

o-.e.ot: No Nr-. Nr-ff or ...,_., failure o-,tloou. 

c:o..t,o&: ScrWldriVer adjust DOfffltiolftetef's for OUlSIUt ,,,. 
OutSIUts "2 _..4'3 .,.-fixed OUtSIUtl. 

"9tNlioft: AutomRic folOblcll current liffliti"I for overload 
tlWCNtft sfton circuit. o-ltate IWOIKtion on 5V OUtSIUtS: 
otniOnal on OtfMr OUtOUII. 

C:.0-..: CotwctlOfl, raced ac ,ec,ac in free w. Derace 2.ft/OC 
.... .aooc. 
0.-.Cillt Teu: .. •w•: 0 co l80C. 
..... T....,..._: ·20 to +IOOC. 

. OUT'UT •1 OUTPUT•2 OUTPUT •3 MOCKL 
NUIINII v• .,._ v• ..... ,,. ... 
TIN'S,! 4.71•1.21 3 •12 ICIO -12 ICIO 

Tl""-2 4.71101.25 3 •15 ICIO -11 100 

TE~l 4.75 IO 1.21 3 •12 ISO - I 71 

TEUS-4 4.75 to 1.25 3 •12 IA -12 IA 

RIOtlle: 5111V t'IUl'ICI. "••-· :O.OM kM; :Q.111'\ load. 

• 0 ~ 9.Ji! =-.~r, i~L• ~ 
50•- UIO ~ 

11- ••1.2IO • 10.25 • 

0 1

~-~ 11- l"□t ,, . ll 
.l7 

., ••2.50• 
IIIN, 

.. _._ 
1 ~ Ali'S I /. ·"'Cl ..i :.JIMl:llll>IONS 

.r· . 4 . .a·· • 4.87 00 

we,gnt 
Teaps 1. 2. 3 2.6 lbs. 
Tupa 4 5.251k 

TRIPLE OUTPUT: 4 TO 12 AMP 
MICROPROCESSOR/GENERAL PURPOSE SERIES 

TAPS SERIES --Economy supplies wilh IC regulation and 
top quality components for long term rellabmty. 
U.L Recognized (File No. E58512) 
CSA C-rttfled (FIie No. LR44914) 
A.C. lfttlllt: 1151230V .:1: tca. 
D.C, Out11UC: S.. table betow. All ftutr,urs - indt!P9ftdlnt aftd 
1t0lefed, MY OUtPllt mey be grounded P01ttive or n ... ,ive. Like 
VOltate OlltPIIU INY be peralleled tft Pf'Ovide 11,gllW OUlPU1 
VOltllt, 
T.....m ,. ___ : Lou than 50 miooueonds. 
Stlltilicy: .:t 0. ~ for 24-hou, -ood ah.,. 3().,n,....,. -P­
o-no.1: No turn-on, 1urit,,ofl or r,ower failure owrtlloots. 
r..,.._...,_ Coefficient: 0.03/0C IO.0005,i,/OC 1ypiull. 
Coftt,..: Sc:rewdri,.., adiuat oocentio- lor .:I: 51' volt• 
•1111t'"°"t on 5V 0111"'"· OutDUtl 2 lftCI 3 .,. adjustable .:t9 co 
1:!V ttallda'd; J; 12 10 15V if specified. 
Aeffloce SeNinf: Provided on all 5V outputs. 
,._.eetioft: AutOfflltic foldlMck current limiti"t ~ Wld 
9'lort circuit orowcuon; c:rowoar 0-1...- proceaiOft is 
iflCtudlll:l Oft 5V OUtPIIIS. 
C:0-...: ConwaiOn, ratea ai SQOC in h• w. 0-e 2.ft/OC 
wfllift OP9'91iflg above 5QOC up 10 &Soc. Opuonal 700C 1111111 -_,,..._ o...,_,,. T-..,uure: 0 10 550c. 
S-... T.....-nure: ·20 10 •IOOC. 

MOOIL I RATING IIICUUTION ........ r v• "- LiM L_. 
TAI'$ I I sv 4.0 10.1--. :0. I'!!. 

:9-12" u :o.,~ 10.1~ 
TA,S2 I sv u ~Q. l'\ :0.1, 

:9-12' 1.0 !O.I-. :0.1'\ 

TAl'S 3 I sv ,.o :O. l'!I, :0.1•. 
I.I ...... :a I'!!. 

sv I 12.0 !0. l"r. :0.1'\ 
:t-12' . 10 :o. , •• :0.1'\ 

Rl""-1 
l'KIPICI ....., 

511# 
511# 
IMV .., .., 

"Mao-ileble w;0i i12-1sv outllU(. s,.;1y ;,.,..,..,. N.r • 
IIIOdll ,.,,....._ 

MCIOII. 

T~4 

we19n1: 
Taps 1 
Taps 2 
Taps 3 
Taps 4 

-"'°" OIMINSIO"' ~T ·-·--·-·-·•, 
ffi :!~~[-~ ~ 0 

1 ··_· -1 ~---·--

~ r I l 
i O O I lM _jjy 
,. o· ~ 

Mounting 1-foles: 
7.5 lbl. Taps 1, 2 3 .187 
7 751bs.~s 4 · .218 • ~ 
121111. 
16lbl., 


