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CONTROLLER 
8211,1212 

�~� 
TALK 

"r "A" 

• i' 
�I�~�I�~� 0101 

LaTH 
"1" 

0102 

LITH 
''2'' 

0103 

, LITH 
"+" 

LITH 
">-

Figure 25. PPOL 

RECEIVE CONTROL 

RCTL 

DEVICE 

TALK 
"0" 

DEVICE 

TALK 
"R" 

DEVICE 

TALK 
"K" 

DEVICE 

TALK 
"1\" 

231324-22 

This system command is used to get control back from 
the current controller-in"charge if it has passed control 
to this inactive controller. Most GPIB systems do not 
use more than one controller and therefore would not 
need this routine. 

To make passing and receiving control a manageable 
event, the system designer should speCify a protocol 
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CONTROLLER 
8291,8292 

LSTN TALK 
"I'" "A" 

DEVICE 

LSTH , TALK 

"'" "Q" 

DEVICE 

';t 

+ LSTN TALK 
"2" "R" 

DEVICE 

LSTH TALK 
"." "K" 

',: 

DEVICE 

LSTN TALK 

LITN ">" "A" 

"'" 
CTLR 

231324-23 

Figure 26. PCTL ','cn 

whereby the controller-in-charge sends a data message 
to the soon-to-be-active controller. This message should 
give the current state of the 'system, why control is be" 
ing passed, what to do, and when to pass control back. 
Most of these issues are beyond the scope of this Ap 
Note. 



intJ 
RCTL: 

Upon CPT 
If (command=TCT) then 
If TA then 
Enable-8291 

Disable major device number 
ton 

-Mask off interrupts 
Immediate execute pon 

Output-to-8292 TCNTR 
Enable-8291 
Valid command 

Return valid 
Else 

Enable-8291 
Invalid command 

Else 
Enable-8291 

Invalid command 
Return invalid 

CONTROLLER 
8291,8292 

LSTN 
CTLR fF "I" 

" ~ 

t-. 

v LSTN 
"1" 

t-. 

LSTH 
"2" 

t-. 

v LSTN ..... 

v LSTN 

~~ 
.. " 

LSTN TALK 
"#" "C" 

CONTROLLER 

DEVICE 

DEVICE 

DEVICE 

DEVICE 

TALK 
"0" 

TALK 
"R" 

TALK 
"K" 

TALK 
"A" 

231324-24 

Figure 27. RCTL 

AP-66 

;Wait for command pass through bit in 8291 
;If command is take control and 
;We are talker addressed 

;Controller will use ton and Ion 
;Talk only mode 

;Take (receive) control 

;Release handshake 

;Not talker addr. so TCT not for us 

;Not TCT, so we don't care 

SYSTEM 
CONTROLLER 

8291,8292 

LSTN ~ TALK 
"!" "A" 

Z w 
II: 

DEVICE 

LSTH TALK 
"1" "0" 

.DEVICE 

LSTN TALK 
"2" "R" 

DEVICE 

LSTH TALK 
"." "K" 

DEVICE 

LSTN TALK 
">" """ 
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Figure 28. REME 
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SERVICE REQUEST 

SRQD 

AP-66 

This system command is used to detect the occurrence of a Service Request on the GPIB. One or more devices may 
assert SRQ simultaneously, and the CPU would normally conduct a Serial Poll after calling this routine to determine 
which devices are SRQing. 

SRQD: 
If SRQ then 

Output-to-8292 IACK.SRQ 
Return SRQ 
Else return no SRQ 

System Controller 

REMOTE ENABLE 

REME 

;Test 92 status bit 
;Acknowledge it 

This system command asserts the Remote Enable line (REN) on the GPIB. The devices will not go remote until they 
are later addressed to listen by some other system command. 

REME: 
Output-to-8292 SREM 
Return 

LOCAL 

LOCL 

;8292 asserts remote enable line 

This system command deasserts the REN line on the GPIB. The devices will go local immediately. 

LOCL: 
Output-to-8292 SLOC 
Return 

;8292 stops asserting remote ena~le 
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SYSTEM 
CONTROLLER 

8291,8292 

LS1N R TALK 

"'" "A" 

I~ 

Figure 29. LOCL 

INTERFACE CLEARI ABORT 

IFCL 

DEVICE 

lSTN TALK 
"1" "Q" 

DEVICE 

LSTN TALK 
"2" "Rn 

DEVICE 

lSTN TALK 
"+" "K" 

DEVICE 

lSTN TALK 
">" "A" 

231324-26 

This system command asserts the GPID's Interface 
Clear (IFC) line for at least 100 microseconds. This 
causes all interface logic in all devices to go to a known 
state. Note that the device itself mayor may not be 

IFCL: 

SYSTEM 
CONTROLLER 

LSTN ~ TALK 
"I" "A" 

g 

DEVICE 

LSTN TALK 
"1" "Q" 

DEVICE 

lSTN TALK 
"2" "A" 

DEVICE 

LSTN 

DEVICE 

LSTN TALK 
">" "A" 

231324-27 

Figure 30. IFCL 

reset, too. Most instruments do totally reset upon IFC. 
Some devices may require a DCLR as well as an IFCL 
to be completely reset. The (system) controller becomes 
Controller-in-Charge. 

Output-to-8292 ABORT 
Return 

;8292 asserts Interface Clear 
;For 100 microseconds 

INTERRUPTS AND DMA 
CONSIDERATIONS 

The previous sections have discussed in detail how to 
use the 8291, 8292, 8293 chip set as a GPID controller 
with the software operating in a polling mode and using 
programmed transfer of the data. This is the simplest 
mode of use, but it ties up the microprocessor for the 
duration of a GPID transaction. If system design con­
straints do not allow this, then either Interrupts and/or 
DMA may be used to free up processor cycles. 
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The 8291 and 8292 provide sufficient interrupts that 
one may return to do other work while waiting for such 
things as 8292 Task Completion, 8291 Next Byte In, 
8291 Last Byte Out, 8292 Service Request In, etc. The 
only difficulty lies in integrating these various interrupt 
sources and their matching routines into the overall 
system's interrupt structure. This is highly situation­
specific and is beyond the scope of this Ap Note. 

The strategy to follow is to replace each of the WAIT 
routines (see Appendix A) with a return to the main 
code and provide for the corresponding interrupt to 
bring the control back to the next section of GPID 
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MAIN CODE 

USER: 

ACTIVATE 

INTERRUPT CODE GPIB SUBROUTINE 

SEND: 

SEND .. (WAIT 0) 

= ·INT: ~ 
~ G~O? 

- (WAIT 0) 
__ ___INT: __ __--------. 
~ GPIBBO?-

--...... I------===----------_(WAIT 0) = _____ INT: = __ 
~ GPIBBO?-
.. (WAIT T) 

.____INT: GPIB BO~ =.. GPIB TCI? 

ETC. ETC. 
231324-28 

Figure 31. GPIB Interrupt and Co-Routine Flow of Control 

code. For example W AlTO (Wait for Byte Out of 
8291) would be replaced by having the BO interrupt 
enabled and storing the (return) address of the next 
instruction in a known place. This co-routine structure 
will then be activated by a BO interrupt. Figure 31 
shows an example of the flow of control. 

DMA is also useful in relieving the processor if the 
average length of a data buffer is long enough to over­
come the extra time used to set up a DMA chip. This 
decision will also be a function of a data rate of the 
instrument. The best strategy is to use the DMA to 
handle only the data buffer transfers on SEND and 
RECV and to do all the 'addressing and control just as 
shown in the driver descriptions. 

Another major reason for using a DMA chip is to in­
crease the data rate and therefore increase the overall 
transaction rate. In this case the limiting factor be­

, comes the time used to do the addressing and control of 
the GPIB using software like that in Appendix A. The 
data transmissio'n time becomes insignificant at DMA 
speeds unless extremely long buffers are used. 

Refer to Figure 11 for a typicar DMA and interrupt 
based design using the 8291, 8292, 8293. A system like 
this can achieve a 250K byte transfer rate while under 
DMA control. 

APPLICATION EXAMPLE 

This section will present the code required to operate a 
typical GPIB instrument set up as shown in Figure 32. 
The HP5328A universal counter and the HP3325 func­
tion generator are typical of many GPIB devices; how­
ever, there are a wide variety of software protocols to 
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be found on the GPIB. The Ziatech ZT488 GPIB ana­
lyzer is used to single step the bus to facilitate debug­
ging the system. It also serves as a training/familiariza­
tion aid for newcomers to the bus. 

This example will set up the function generator to out­
put a specific waveform, frequency and amplitude. It 
will then tell the counter to measure the frequency and 
Request Service (SRQ) when complete. The program 
will then read in the data. The assembled source code 
will be found at the end of Appendix A. 

ZTI488/18 
CONTROLLER 

LSTN 
CTLR 

TALK 
"In "A" 

HP 5328A 
COUNTER 

lSTN TALK 

"'" "Q" 

HP 3325A 
FUNCTION 

GENERATOR 

lSTN TALK 
"2" "R" 

ZT488 
GPIB ANALYZER 

231324-29 

Figure 32. GPIB Example Configuration 
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SEND 
LSTN: "2", COUNT: 15, EOS: ODH, DATA: "FU1FR37KHAM2VO (CR)" 
;SETS UP FUNCTION GEN. TO 37 KHZ SINE, 2 VOLTS PP 
;COUNT EQUAL TO # CHAR IN BUFFER 
;EOS CHARACTER IS (CR) = ODH = CARRIAGE 

SEND 
LSTN: "1", COUNT: 6, EOS: "T" DATA: "PR4G7T" 
;SETS UP COUNTER FOR P:INITIALIZE, F4: FREQ CHAN A 

G7:0.1 HZ RESOLUTION, T:TRIGGER AND SRQ 
;COUNT IS EQUAL TO # CHAR 

WAIT FOR SRQ 
SPOL TALK: "Q", DATA: STATUS 1 

;CLEARS THE SRO_IN THIS EXAMPLE ONLY FREQ CTR ASSERTS SRQ 

RECV TALK: "Q", COUNT: 17, EOS: OAH, 
DATA: "+ 37000.0E+O" (CR) (LF) 
;GETS 17 BYTES OF DATA FROM COUNTER 
;COUNT IS EXACT BUFFER LENGTH 
;DATA SHOWN IS TPYICAL HP5328A READING THAT WOULD BE RECEIVED 

CONCLUSION 

This Application Note has shown a structured way to 
view the IEEE 488 bus and has given typical code se­
quences to make the Intel 8291, 8292, and 8293's be­
have as a controller of the GPIB. There are other ways 
to use the chip set, but whatever solution is chosen, it 
must be integrated into the overall system software. 
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The ultimate reference for GPIB questions is the IEEE 
Std 488 -1978 which is available from IEEE, 345 East 
47th St., New York, NY, 10017. The ultimate reference 
for the 8292 is the source listing for it (remember it's a 
pre-programmed UPI-4IA) which is available from IN­
SITE, Intel Corp., 3065 Bowers Ave., Santa Clara, CA 
95051. 
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APPENDIX A 

ISIS-II 8080/8085 MACHO ASSE,",BLER, V3.0 
GPI~ CON'rHOLLER SUBROU'rINES 

LOC 08J 

1000 

0060 

0961 
0061 
0002 
0001 
0010 
008B 

B062 

0064 
0080 
0049 
00C0 
0001 

001i4 
0020 
0092 
0091 

0065 
0023 

LINE SQUllCE STATEMEN'r 

$'rI'rLE ('GPIR CON'rROLLER SUBROU'rINES') 
2 
3 ()PIa CONTROLLER SUBROUTINES 
4 
5 
Ii 
7 
8 
9 

18 
11 
12 
13 
14 
IS 

~j ~RT91 
18 
19 ; 
20 DIN 
21 DOUT 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31; 

; 
~HTI 
IH'r"l 
BOM 
~IM 

ENDMK 
CPT 

32 INT2 
33 

; 
ADRMD 
TON 
LON 
TLON 
MODEl 

34 
35 
31i 
37 
38 
39 
40 
41 I 
42 ADRST 
43 EOIST 
44 TA 
45 LA 
46 I 
47 , 
48 AUXMD 
49 CLKRT 

for intel 8291, 8292 
Bert Forbes, Ziatech 
2410 Broad Street 
San Lui s Ohispo, CA, 

on ZT 748q/IR 
Corporatinn . 

USA 934~1 

General Definitions" Equates 
8291 Control Values 

ORG 10001l ;. I'or ZT748S/IS w/8085 

EQU ,8291 Base Port 

Reg .0 Data in " Data out 
EOU PRT91+B ; 91 Data in reg 
EQU PRT91 +~ ; 91 Data out req 

Req 
EQU 
EQU 
EQU 
EOU 
EOU 
EOU 

, 1 Interrupt 1 Constants 
PRT91+1 ; tNT Req 1 
PRT91+1 lINT Mask Reg. 
~2 ; 91 80 I'IITRP Mask 
01 ; 91 BI INTRP Mask 
18H ;91 E"'D INTRP Mask 
RAH ; 91 cornman" ,pass thru 

Req 12 Interrupt 2 
EQU PRT91+2 

'4 Address ~ode Constants 

int hit· 

Reg 
E(lU 
EQU 
EOU 
EQU 
EQU 

PRT91+4 ; 91 ad"ress mode register .' 

Reg 14 
EQU 
EOU 
EOU 
EOU 

Reg '5 
EQU 
EOU 

SOH ;91 talk only mode & not listen only 
48H ;91 listen only, not ton 
BeBH r9l talk' listen only 
9.11 rmode I addressinq for device 

(Read) 
PRT91+4 ; reg 14 
20H 

Address Status Reqister 

2 
1 rlistener active 

(Write) A.uxillary Mode Reqlster 
PRT91+S r91 ;tuxll1ary mode reqister 
23H ;91 3 Mhz clock input 
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BOB] 50 FNHSK EOU 0] 191 flninsh handshake command 
AAAfi 51 SDEOI EOU A~ ,91 senti EOl wi th next hyte 
eB8~ ~2 AXRA EOIl 83H ,91 aux. req A pattern 
A801 5] HOHSK EOU 1 191 hold off honrlshake an oil bytes 
8002 54 HOEND EOU 7- ,91 hal .... off handshake on enti 
808] 55 CAHCY EOU ] 191 conti nuous AH eyell nq 
BB04 56 EDEOS EOU 4 ,91 end on FoOS received 
080S 57 EOIS EOU 8 ;91 output EOI on EOS sent 
OB0F 58 VSCMD EQU AFH ;91 valid command pass throuqh 
OB07 59 NVCMD EOU 87H ;91 invalid command pass through 
88AO fi8 AXRB EOU 8A8H JAux. reg. B pattern 
88Al ~1 CPTEN EOU AIH 1command pass thru enable 

~2 , 
6] 1 Reg IS (Reod) 

83fi5 ~4 CPTRG EOU PRT91+5 
fiS , 
~fi , Reg '6 Address 0/1 reg. constants 

B8fi~ 67 ADRAI EQU PRT91+fi 
8060 fi8 D'rm.l EOU 6AH ;Disable major talker & 1 istener 
80E0 ~9 DTDL2 EOU AEOH ,Disable minor talker & listener 

78 , 
71 , Reg 17 EOS Character Req 1 ster 

90fi7 72 EOSR EQU PRT91+7 
7] , 
74 , 
75 , 8292 CONTROL VALUES 
76 , 
77 , 
78 , 

0068 79 PRT92 EOU PRT91+8 ; 8292 Base Port t (CS7) 
80 , 

0068 81 INTMR EgU PRT92+8 ,92 INTRP '''ask Reg 
00AO 82 INTM EQU A/lBH ;TCI 

83 , 
896B B4 ERRM EOU PRT92+0 ; 92 Error Mask Req 
0301 BS TOUT 1 EQU 31 ; 92 'rime Out for Pass Control 
AA02 86 TOUT2 EOU 82 ;92 Time Out for Standhy 
9884 87 TOUT3 EOU 04 ;92 Time Out for Take Control Sync 
90~B 88 EVREG EQU PRT92+0 ; 92 Event Counter P&eurto Req 
~0fiB 89 TOREG EQU PRT92+9 ,92 Time Out Pseudo Req 

99 , 
0869 91 CMD92 EOU PRT92+1 ,92 Command Reqister 

92 , 
8069 93 INTST EOU PRT92 +1 ; 92 Interrupt Status Reg 
0018 94 EVBrT EOU IBM ; Event Counter Bi t 
8892 95 IBFBT EQU 92 ; Input Ruffer Full Bit 
0~28 95 SROBT EOU 2AH ;Seq bit 

97 , 
00~B 9B ERFLG EQU PRT92+0 192 Error Flaq Pseurlo Reg 
9868 99 CLRST EOU PRT92+8 ,92 Controller Status Pseudo Reg 
9968 100 BUSST EOU PRT92+0 ,92 aPIB (Bus) Status Pseudo Reg 
9868 101 EVCST EOU PRT92+8 ,92 Event Counter Status Pseudo Reg 
0968 102 TOST EOU PRT92+0 ,92 Time Out Status Pseudo Req 

103 , 
104 , 8292 OPERATION COMMANDS 
US , 
196 

~PCNI 89F8 187 EOU 0F8H ;Stop Counter Interrupts 
B8Fl 108 GIDL EOU 8FIH ;Go to idle 
geF2 199 RSET EOU AF2H ;Reset 
B8F] 119 RSTI EOU BF3H ;Reset Interrupts 
88F4 111 aSEC EOU AF4H ;Goto standby, enable counting 
90FS 112 EXPP EQU 8F5H ;Execute parallel poll 
0BF6 113 aTSB EOU AF6H ;Goto standby 
09F7 114 SLOC EOU BF7H ;Set local mode 
BBFB 115 SREM EOU 9FBH ;Set interface to remote 
08F9 116 ABORT EQU 9F9H ;Abort all operation, clear interface 
801'A 117 TCNTR EOU 8FAH ;Take control (Receive control) 
99FC 118 TCASY EOU eFCH ;Take control asyncronously 
99FD 119 TCSY £OU 9FDH ;Take control syncronously 
B0FE 128 STCNI EOU 9FEH ;Start counter interrupts 

121 , 
122 , 

231324-31 
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inter 

A8EI 
80E2 
88E3 
80E4 
80E5 
80E6 
80E7 
A8E9 
88EA 
8888 

BAAl 
B041 
B021 
0S3F 
3908 
B004 
B018 
B019 
08B5 
B"10 
BA60 
0U5 
0809 

123 
124 
125 , 
126 WOUT 
127 WEVC 
128 REVC 
129 RERF 
130 RINM 
131 RCST. 
132 R8ST 
133 RTOUT 
IH RERM 
135 lACK 
13~ 
137 
138 
139 
148 
141 , 
142 PRTF 
143 TCIF 
144 SPIF 
145 OBFF 
146 18FF 
147 SOF 
148 
149 
150 , 
151 MM· 
152 MTA 
153 I'lLA 
IS4 UNL 
ISS GET 
156 SOC 
157 SPE 
158 SPD 
159 PPC 
1~0 PPD 
HI PPE 
H2 PPU 
163 TCT 
164 
1~5 
H~ 
H7 
168 , 
169 SETF 
170 
171 
172 , 
173 WAITO 
174 
175 WAITL. 
176 
177 
178 
179 
lR0 , 
181 WAITI 
182 
183 WAITL. 
184 
185 
186 
181 
188 , 
189'WAITX 
190 
191 WAITL. 
192 
193 
194 
195 

Ap·66 

8292 UTILITY COMMANDS 

EQU 
EOU 
EOU 
EQU 
EOU 
EOU 
EOU 
EQU 
EQU 
EOU 

OEIH 
8E2H 
0E3H 
8E4H 
0E5H 
0E6H 
0E7H 
0E9H 
0EAH 
8BH 

;Wr j te to timeout req 
;Write to event counter 
;Read event counter status 
;Read error flag reg 
; Read interrupt mask reg 
,Read controller status req 
;Read GPtB BUs' status reg 
;Read'timeout status reg 
;Read error mask reg 
; Interrupt Acknowledqe 

PORT F BIT ASSIGNMENTS 

EQU PRT91+AFH ,ZT14RR port fiF 'for interrupts 
EQU 82M ;Task complete interrupt ' 
EOU 84H ;Special interrupt 
EOU 0BH ,92 Output (to CPU) Buffer full 
EQU 10H ,92 Input (from CPU) Buffer empty 
EQU AIH ,91 Int line (BO in this easel 

GPIB 'lESSAGgs (COMMANDS) 

EQU 
EOU 
EQU 
EQU 
EOll 
EOU 
EOU 
EOU 
EQU 
EQU 
EQU 
EQU 
EOU 

1 
MMHAH 
MDA+20H 
3FH 
08 
84H 
IBH 
19H 
05 
10H 
60H 
ISH 
09 

;M.y device address is 1 
;M.y talk address is 1 (~A·) 
,My listen address is 1 (MIM) 
;Unlversal unlisten 
;Group Execute Tr iqqer 
;Device Clear 
,Serial poll enable 
,Serial poll disable 
;Parallel poll confiqure 
;ParAllel poll disable 
;Parallel poll disahle 
,Parallel poll unconfiqured 
;'fake control (pass control) 

MACRO DEFINI'rIONS 

MACRO 
ORA 
END., 

, MACRO 
LOCAL 
IN 
ANI 
JZ 
ENDM 

MACRO 
LOCAL 
IN 
MOV 
ANI 
JZ 
ENDM 

MACRO 
LOCAL 
IN 
ANI 
JNZ 
END'" 

A 

WAITL 
INTI 
BOM 
WAITL 

WAITL 
INTI 
B,A 
8IM 
WAITL 

WAITL 
PRTF 
TCIF 
WAITL 

;Sets flaC]s on A reqister 

;Wait for last 91 byte to be none 

,Get IntI status 
;Check for hyte out 
:If not, try aqaln 
;until it is 

;Wait for 91 hyte to be input 

;Get INTI stlltus 
,Save status in B 
;Check for byte In 
; If not, just try aqaln 
,until it is ' 

;Walt for 92's Tel to go false 

3-66 

231324-32 



intJ 

1090 3EAA 
le02 D3~8 
1004 3E'~ 
1900 030~ 
10~9 3EE0 
lA~A 03fi~ 
U~C 3E80 
100E 03~4 
leU 3E23 
HH2 03<;5 

1014 AF 
1015 0301 
1017 03.2 
1019 03~5 
101S C9 

196 WAITT 
197 
198 WAIT~: 
199 
200 
201 
202 
203 RANGE 
204 
205 
200 
207 
208 
209 
210 
211 
212 
213 
214 
215 ; 
216 C~RA 
217 
218 
219 
220 
221 
222 
223 
224 
225 
22. 
227 
228 
229 
230 
231 
232 
233 
234 
235 
23. 

MACRO 
~OCA~ 

IN 
ANI 
JZ 
ENOM 

MACRO 

MOV 
CPI 
JM 
CPI 
JP 
ENDM 

MACRO 
XRA 
ENDM 

WAITL 
PRTF 
TCIF 
WAIT~ 

AP-66 

:Get task complete int,etc. 
:h1ask 1 t 
:Wa i t fa r til sk to be com pI ete 

LOWER, UPP~R, LABEL 

A,M 
~OWER 
~BE~ 

UPPER+! 
~"BE~ 

A 

:Checks for value in ranqe 
: hranches to 1 ahel if no t 
;in ranqe. Falls throuqh if 
; lower (= ( CH) eL) ) (= upper. 
:Get next byte. 

;A XOR A "'" 

A.II of the followin!) routines have these com'l11on 
assumptions about the state of the 87.91 & Q297. upon entry 
to the routine and will exit the routinE" in an identical state. 

8291 : 

8292: 

R~85: 

BO is or has he en set, 
All interrupts are rnasketi off 
'rON morle, not LA 
No holdoffs in effect or enabled 
No holdoffs waitinq for finish cornmantJ 

ATN asserted (active controller) 
note: RC'rL is an exception--- it,expects 
to not be active controller 
Any previous task is complete & 92 is 
ready to receive next command. 
Pointer reqisters (DE,HL) enrJ one 
heyond last le'la1 entry 237 

238 
239 

* *.* * ** '* * '* *. * * * •• '* '* * '* ill * '* '* '* * '* '* '* '* '* '* *. * ill 'III '* '* '* * * '* '* '* '* '* '* *. * '* '* '* 
240 
241 
242 
243 
244 
24~ 
24. 
247 
248 
249 
250 
251 
252 
253 
254 
255 
25<; 
7.57 
258 
259+ 
2~~ 

2~1 
202 
263 
264 
2.5 
2~~ 
2~7 
268 
209 

I'ITIA~IZATION IlOU'rINE 

INPu'rs: None 
OUTPU'rS: r.lone 
CA~~R : None 
OES~'qOYS : A,I" 

NIT: MVI A, IH'r,., ;F.:nahle Tel 
ou'r I~TMR ;Output to 92 1 s lntr. mask req 
MVI A,OTO~1 ;nisa~le major talker/l istener 
o~'r AORAI 
MVI ",DTOL2 ;Disahle minor talker/listener 
ou'r AORAI 
WI A,TON ;'rlilk only mocie 
ou'r ADR"O 
MVI A, C~~RT ;3 ~HZ for nelay timer 
ou'r AUX~D 

CLflA 
X~.~ A ;A XOR A =0 
ou'r IN'I'I 
ou'r INn ,Disahle all 91 ml!sk hi ts 
OUT AUX"D ; Imme" i.iI te execute PO~ 
RET 

* * * ............ * .. * *.* * .. * ..... * * .. **. * .. * ........ ** .. * * ............ * ............ . 

SENO ROU'rINE 
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inter 

1I1C 3£41 
10lE D3~9 

1021 DBfil 
1022 £692 
1124 CA20lB 
1127 3E3F 
1129 D369 
IA2a 78 
192C D3~7 

IA2E 7F. 
112F FE20 
!A31 FA471A 
1034 FE3F 
1~3~ F2471A 

IA39 DB61 
1038' E692 
IA3D CA3919 
1040 7£ 
1941 D36A 
1143 23 
1044 C32EIO 

1047 DBfil 
1049 E602 
1I4B CA4710 

1H4£ 3EFfi 
i0SB D369 
!eS2 3EBB 
IAS4 D36S 

10S~ DB6F 
lASB E~02 
10SA C2S~18 

IA5D DBSF 
105F E692 
1061 CASDlA 

1064 79 

1165 B7 
1065 CA88lB 
IA69 l~ 
105A D3~0 
10fiC BR 

270 , 
271 
272 
273 , 
274 , 

'27S , 
276 , 
277 , 
278 , 
279 , 
2B0 , 
281 , 
282 SEND. 
2B3 
284 
2~S+??A3Bl' 
28~+ 
287+ 
288 
289 
29B 
291 
292 
293 SE~Dl. 
294+ 
295+ 
29~+ 
297+ 
298+ 
299+ 
300+ 
301+ 
302+ 
3A3+ 
304 
305+??A~A2. 
386+ 
307+ 
308 
309 
310 
311 
312 
313 SEND2. 
314+710933. 
31S+ 
31H 
317 
318 
319 
320 
321 
322 
323 
324+??AA04. 
325+ 
326+ 
327 
328+7100B5. 
329+ 
33B+ 
331 
332 , 
333 , 
334 
335 
33~+ 
337 
338 SEND3. 
339 
340 
341 
342 

INPU'rs, 

Ap·66 

HL listener list pointer 
DE data buffer pointer 
C count-- 8 will caule no "'Ita to be sent 
b FoOS ch.llracter-- software detected 

ou'rpUTS. 
CALLS, 
DESTROYS. 

none 
none 
A, C, DF.!, HL, F 

MVI 
oU'r 
WAITO 

IN 
ANI 
JZ 
MVI 
OUT 
MOV 
OUT 

RANGE 

MOV 
CPI 
JM 
CPI 
JP 
"IAITO 

IN 
ANI 
JZ 
>lOV 
OUT 
INX 
J~P 

WAITO 
IN 

A~I 

JZ 

MVI 
OUT 
MVI 
OUT 
WA[TX 
I~ 

ANI 
J~Z 

WAITT 
IN 
ANI 
,lZ 

A,MTA 
DOUT 

INTI 
BOM 
??A~Al 

, A,U~L 
DOUT 
A,B 
EOSR 

,Send M'rA to turn off Iny 
,previous talker 

,Get Inti status 
,Check for byte out 
;If not, try aqaln 
,Senti universal unllsten 
Ito stop previous listeners 
;Get EOS character 
,Output it to 82ql 
;whlle listener ..••• 

20H,3EH,SEND2 ,Check next listen address 

A,M 
29H 
SEND2 
3EH+1 
SEND2 

INn 
ROM 
n3AA? 
A,M 
DOU'r 
H 
SENDI 

INTI 
BOM 
71~9~3 

;Checks. tor value In ranqe 
; branches to label if not 
; in ranqe. Falls throu'Jh if 
,lower (= ( (H) (L) ) (= upper. 
;Get next byte .. 

,wai t for previous listener sent 
;Get tntl status 
,Check for byte out 
;If not, try again 

;Get this listener 
;Output to GPIA 
;Increl'tent listener list pointer 
;Loop till non-valid listener 
;Enab1e 91 enrUnt) conditions 

;Wait for 1stn addr accepted 
;Get IntI status 
,Check for byte out 
;If not, try aqaln 
;WAITO required for early versions 
;of 8292 to Avoid GTC;B before OAe 

A,GTSB ;Goto stan"lhy 
CMD92 , 
A,AXRA+EOIS 
AUX~D 

;Sttnci EOI with EOS character 

PRTF 
TCIF 
??A~A4 

PRTF 
TCIF 
??~095 

,Watt for Tel to qo false 

;walt for Tel on GT~A 
;Get task complete int,etc. 
;Mask It 
;Walt for task to be complete 

delete next instructions to make count of O=2SFi 

~OV 
SETF 
ORA 
JZ 
LDAX 
OUT 
CMP 

A,C 

'A 
SENM 
D 
DOUT 
B 

,Oet count 
;Set flaqs 

; If count:9, send no data 
,Get data byte 
;Output to GPIB 
;Test EOS ••• this is faster 
;anti uses less code than u!llin1 
;91 1 s ENO or EOl bits 
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inter 

lA~D CA7F lA 

1070 DB~l 
1972 E~~2 
U74 CA7Bl0 
1~77 13 
lB7B BD 
1879 C2~910 
U7C C3BB10 
U7F 13 
lAB~ ~D 

10Bl DB~l 
lOB) E~n 
lAB5 CAB1l9 

19B8 n,'D 
19BA D3~9 
10BC 3EBA 
19BE D)~5 

1099 DB~F 
1992 E~92 
U94 C29310 

1997 DB~F 
1999 EI;02 
199B CA97U 
199E C9 ' 

109F 7B 
lMO D3~7 

!BA2 7E 
!BAl FE40 
UA5 FA3911 
!BA8 FE5F 
10M F23911 

lOAD 03150 
lOAF 23 

10BO DBl;l 
19S2 E"02 
19B4 CAB9lA 
lOB7 3E3F 
10B9 DH0 

10BS DBl;l 
10BD E692 
10BF CABB10 

343 
344 SEND4: 
345+??AIH'f;: 
341;. 
347+ 
348 
349 
35B 
Hl 
352 SEND5: 
353 
354 

JZ 
wl\rro 

IN 
ANI 
JZ 
INX 
DCR 
J~Z 

J~P 

INX 
OCR 
WAI'fO 

355+??0AH7: I~ 
356+ 
357+ 
35H 

ANI 
JZ 

359 SEND": MVI 
363 OU'f 
31H 
3"2 
3~3 
3'i4 +77111"98: 
3~5+ 
3~~+ 
31;7 
366+?7;31"')9 : 
369+ 
370+ 
371 

I\IIVI 
OUT 
;./AITX 
IN 
A~I 
.JNZ 
WAIT'r 
IN 
I\NI 
JZ 
RET 

SEND~ 

INTl 
BO~ 

?'?A01'J~ 

o 
C 
SEND3 
SENDo 
D 
C 

IN'1'1 
BO~ 

??0""'7 

A,TCSY 
CIID92 
A, AXRA 
AUXIID 

PRTF 
TCIF 
??9::'A8 

PRTF 
TCIF 
??9909 

AP-66 

;If char = F.O~ , qo finish 

;Get IntI statu'S 
;C~eck for byte out 
;If n")t, try aq"dn 
; Inr:reJ?\ent huffer pointer 
,Decrement count 
; I f count < ) ~, qo senrj 
;Else qo finish 
; fo r consi steney 
; " 

,'rhis ensures that the strlnrJard entry 
;Get lnt! status 
;Check for byte out 
; If not, try a1ain 
;assumptions for the next su'">routine 
;Take control syncronously 

;Reset send EOI on EOS 

;Wait for TCI false 

;Wait for TCI 
;Get task complete int,etc. 
;Mask it 
;Wait for task to "e complete 

are met 

372 ,._-*--._.* .. _* ••• _._-* ... _--_ ... --... __ ... ______ ... __ .. _______ ._. __ _ 
373 
374 
375 
376 

RECE IVE ROU'rINE 

377 ; INPU'r: 
378 
379 

m ;DU'rpUT: 
382 ;CALLS: 
383 ,DESTROYS: 
384 I 
385 ; RETURNS: 
38'5 
3B7 
388 
389 I 
399 RECV: 
391 
392 
393+ 
394+ 
395+ 
39~+ 
397+ 
398+ 
399+ 
40B+ 
401+ 
492+ 
403 
4A4 
405 
406 
407+??9BlA: 
408+ 
499+ 
410 
411 
412 
413+??""11: 
414+ 
415+ 

MOV 
ou'r 
RI\NGE 

MOV 
CPI 
.JM 
CPI 
.JP 

ou'r 
INX 
""Al'rO 

IN 
A'II 
.JZ 
MVI 
ou'r 
...,1\1 TO 

IN 
ANI 
JZ 

HL talker pointer 
DE (lata buffer pointer 
C count (max buffer size) " implil!s 251} 
B EOS character 
Fills buffer pointen at hy nE 
None 
A, BC, DE, HL, F 

A=0 normal termination--Eos "Ietf"cted 
A=4A £rror--- count overrun 
A(4A or A>SEH Error--- ba~ talk ad"ress 

A,B ;Get Ens character 
EOSR ;Output it to 91 
40H, SEH, RECVf) 

A,M 
49H 
RECV6 
5EH+1 
RECVIl 

DOUT 
H 

INTI 
BOM 
??aB1B 
It.,UNL 
DOUT 

INTI 
BOM 
119Bl1 

;Checks for value in range 
:branches to label if not 
;In ranqe. Falls throuqh if 
; lower (= ( (H) (L) ) (= upper. 
;Get next byte. 

;valid if 40H(= talk (::oSEH 
;Output talker to GPla 
;Incr pointer for consistency 

;Get IntI status 
;Check for byte out 
; If not, try aqain 
;Stop other listeners 

;Get IntI status 
; Check for byte out 
;If not, try aqain 
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UC2 3E21 
IBC4 03~8 
18C6 3E86 
18C8 D3~5 

IleA DBfil 
IeCC E5A2 
10CE CACA10 
1001 3e4M 
1003 03~4 

10D5 AF 
1006 0355 
1008 3EF~ 
UOA OH9 

100C 086F 
}HOE E632 
10E8 C20C10 

10E3 DB6F 
18E5 E~02 
IBEA OB51 
18Ee 47 
10EO E618 
IBEF C20511 
lBF2 78 
IBFJ E681 
lBF5 CAEA10 
l0F8 OB60 
10FA 12 
UFB 13 
lAFC 00 
lBFO C2EAlO 
1180 8640 
1182 C31711 

1105'78 
1186 E601 
1108 C21011 
118B DB61 ' 
IUD C30611 
1110 OB60 
1112 12 
1113 13 
1114 0D 
1115 0600 

1117 3EFO 
1119 0359 

ll1B DB6F 
ll1D E602 
I11F C21Bll 

1122 DB6F 
1124 E682 
1126 CA2211 

1129 3E88 
112a 03~5 
112D 3E80 

, 112F D364 
1131 3E03 
1133 0365 

'1135 AF 
1136 0365 
1138 78 
.1139 C9 

41~ 

417 
418 
419 
428 
421+170912: 
422+ 
423+ 
424 
425 
425 
427+ 
428 
429 
430 
431 
432+??0013: 
433+ 
434+ ' 
435 
43H17A014: 
437+ 
439 RECVl: 
448 
441 
442 
443 
444 
445 
446 
447 
448 
449 
458 
451 
452 
453 , 
454 RECV2: 
455 RECV3: 
456 
457 
458 
459 RECV4: 
460 
461 
462 
4~3 
464 , 

~VI 

ou'r 
~VI 
ou'r 
WAITO 

IN 
ANI 
JZ 
~VI 

ou'r 
CLRA 
XHA 
OUT 
",VI 
ou'r 
WAITX 
IN 
ANI 
JNZ 
WAITT 
IN 
~NI 

IN 
MOV 
ANI 
JNZ 
MOV 
ANI 
JZ 
IN 
STAX 
INX 
DCR 
JNZ 
MVI 
JMP 

MOV 
ANI 
JNZ 
IN 
JMP 
I!oI 
STAX 
INX 
OCR 
"'VI 

465 RECV5: MVI 
466 ou'r 
467 WAITX 
468+??0015: IN 
469+ ANI 
478+ JNZ 
471 WAITT 
472+??0U 6: IN 
473+ , ANI 
474+ JZ 

A,MLA 
oou'r 

AP-66 

J For completeness 

A, AXRA+HOE"ID+EDEOS ;gnt1 when 
AUX!'1D ;EOS or Eat & Hoinoff 

INTI 
BOM 
??0!U2 
A., LON 
ADRPlJ) 

A 
AUXMD 
A,GTSB 
CMD92 

PRTF 
TCIF 
??0IH3 

PRTF 
TCIF 
INTI 
B,A 
ENDMK 
RECV2 
A,a 
BIOI 
RECV1 
DIN 
o 
D 
C 
RECV1 
B,40H 
RECV5 

A,B 
81M 
RECV4 
INTI 
MECV3 
DIN 
D 
D 
C 
8,9 

A, TCSY 
CMD92 

PRTF 
TCIF 
17M915 

PRTF 
TCIF 
??IJIH6 

;Get IntI status 
;Check for byte out 
;If not, try ag~in 
;Listen only 

; Immed late XEO PON 
,A XDR A =0 

;Goto standhy 

;Wait for TeI=0 

;wait for Tel=l 
;Get task complete int,eto. 
;Mask; it 
;Get 91 lnt status (END 'lor BI) 
;Save it In 8 for BI check later 
;ctteck for EOS or EOI 
,Yes end--- go wait for BI 
;NO, retrieve status & 
;check for BI 
;NO, 1')0 wait for either END or BI 
;YES, .81--- qet data 
;Store it in buffer 
; Increment buffer pointer 
;Decrement counter 
;If count < > A go back & walt 
;Else set error indicator 
;And qo· take control 

;Retreive status 
;Check for BI 
;If B~ then ~o input data 
;Else wait for last BI 
;In loop 
;Get data byte 
;Store it in buffer 
;Iner elata pointer 
;Decrement count, but l,)nore it 
;Set normal completion indicators 

;Take control synchronously 

,Walt for TCI=~ (7 tcy) 

;Wait for Tel .. } 
;Get task complete int,etc. 
;""Iask it 
;Wlt i t fo r task to be complete 

475 
476 
477 
478 
479 
480 

:i£ timeQut is to be checked', the above WAITT should 

481 
482 
483 
484 
485 
486 
487+ 
488 
489 

;be o:nitted & the appropriate code to look for Tel or 
;TOU'r3 inserted here. 

A, AXR.l\ ;pattern to clear 91 END conrHtions 
AUXMD ; 
A,TON ;This bit pattern alrea"y in "A-
ADRMD ;Output TON 
A,FNHSK ;Finish handshake 
AUXMD 

A 
AUXMD 
A,B 

;A XOR A =0 
; IlI1med iate execute PO~-Reset LO~ 
;Get completion character 

490 RECV6: 

MVI 
ou'r 
MVI 
OUT 
MVI 
OUT 
CLRA 
XRA 
ou'r 
MOV 
RET 
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inter 

113A 7E 
113B FE40 
1130 FABB11 
1149 FE SF 
1142 F28B11 
1145 0350 
1147 23 

1148 OB51 
114A £602 
114C CA4B11 
114F 3E3F 
1151 0360 

1153 7£ 
1154 FE28 
1156 FAGC11 
1159 FE3F 
115B F26C11 

115E 0861 
1160 £602 
1162 CA5El1 
1165 7E 
1166 0359 
l1~B 23 
1169 C35311 

116C 0861 
116E E602 
1179 CA6Cl! 
1173 3EB7 
1175 0355 
1177 3E40 
1179 0364 

117a !IF 
117C 0365 
117E 78 
117F 0367 
1181 3EF5 
11B3 0359 

AP-66 

491 , 
492 J •• *.,., * * * * '* * '* -* '* '*., III '* * * *._.*., _* *._.111: * * * * * * * * * * *., *.* .. * .... '* * *_ • ., * 
493 XHi< ROU'UNE 
494 
495 , 
49~ ,INPU'rS: 

;OU'fPUTS: 
,CALLS: 
;DESTROYS: 
; RETURN'S: 

497 
49B 
499 
590 
591 
532 
5q3 , 
594 ; NOTE: 
535 
506 
507 
~P8 
589 
510 , 
511 XFER: 
512+ 
513+ 
514+ 
515+ 
5H+ 
517+ 
51R+ 
519+ 
520+ 
521+ 
522 
523 
524 
525+119017: 
526+ 
527+ 
528 

RANGE 

MOV 
CPI 
JM 
CPI 
.TP 
OUT 
INX 
"'AI'rO 

IN 
ANI 
JZ 
MVI 

529 OUT 
539 XFER1: RANGE 
531+ 
532+ 
533+ 
534+ 
535+ 
536+ 
537+ 
53B+ 
539+ 
549+ 
541 
542+??9018: 
543+ 
544+ 
545 
546 
547 
548 

_ 549 XFER2: 
550+110919: 
551+ 
552+ 
553 
554 
555 
555 
557 
558+ 
559 
560 
551 
552 
563 

MOV 
CPI 
JM 
CPI 
JP 
WAITO 

IN 
ANI 
JZ 
MOV 
ou'r 
INX 
JMP 
WAITO 

IN 
ANI 
JZ 
~VI 

OUT 
MVI 
ou'r 
CLRA 
XRA 
OUT 
MOV 
aU'f 
MVI 
OUT 

HL rJevice list pointer 
B EOS character 
None 
None 
A, HL, 
A=3 normal, A ( ) 0 har'l talker 

XFER will not work if the talker 
uses EOI to terminate the transfer. 
Intel will be making hardWare 
modifications to the 9291 th?lt will 
correct this problem. Until that time, 
only EOc:i may be used without possible 
loss of the last rtata byte transfered. 
4f1H, SEH, XFER4 ;Check for val id talker 

A,M 
40H 
XFER4 
5EN+l 
XFER4 
IlOUT 
H 

IN'r1 
80M 
??AA17 
A,UNL 
OOUT 

;Cheeks fot' value in ranqe 
;branches to label if not 
;in ranqe. Falls throu'lh if 
; lower (= ( CH) tLl ) (= upper. 
;Get next byte. 

; Senti it to GPIB 
;Iner pointer 

;Get IntI status 
;Check for byte out 
,If not, try again 
;Universal unl isten 

2f1H,3EH,XFER2 :Check for valid listener 

A,M 
2AH 
XFER2 
lEH+l 
XFER2 

INTI 
80M 
??0018 

;Checks for val ue in range 
;branches to label if not 
;in range. Falls through if 
,lower <= ( (H) (L) ) <= "pDer. 
;Get next byte. 

:Get IntI status 
;Check for byte out 
;If not, try again 
:Get 1 istener 

:Incr pointer 

A,M 
IlOUT 
H 
XFER1 ;Loop until non-valin listener 

INTI ;Get IntI status 
80M ;Check for byte out 
1?""19 ,If not, try again 
A, AXRA+CAHCY+EDEOS :Invisible 
AUX"10 ;Continuous ~H mode 
A,LOS :Listen only 
AOR~O 

A 
AUX~O 
A,B 
EOSR 
A,GTSB 
CM092 

,A XtJR A ." 
; Immed. XEQ PON 
;Get EOS 
;Output it to 91 
;Go to standby 
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inter 

118~ 08~F 
1187 E~02 
1189 C28511 

118C D86F 
118E £602 
1190 CA8C11 
1193 0861 
1195 E~U 
1197 CM311 
119A 3EFO 
119C OH9 

119£ D85F 
11A0 E692 
11A2 C29E11 

11A5 DB6F 
11A7 £602 
11M CAI\511 
11AC 3E80 
11AE 03~5 
1180 3£03 
1182 0355 
1184 3£80 
118~ 03~4 

1188 AF 
1189 0355 
1188 C9 

118C 3E3F 
118E 03~0 

11C0 7E 
11CI FE28 
11C3 FA0911 
11C6 FE3F 
lIC8 F20911 

11C~ 0861 
11CO £5n 
11CF CACB11 
1102 7£ 
1103 0360 
1105 23 
1106 C3C011 

1109 OB61 
110B EoA2 
1100 CAD911 
11£0 3E08 
11E2 OH0 

11E4 0851 
11E~ E6n2 

564 
565+110020: 
556+ 
567+ 
5~8 
569+110321 : 
570+ 
571+ 
572 XFER3: 
573 
574 
575 
57~ 
577 
578+1700122: 
579+ 
580+ 
581 
582+710023: 
583+ 
584+ 
5~5 
586 
587 
588 
589 
590 
591 
592+ 
593 
594 XFf<4: 

WAITX 
IN 
ANI 
JNZ 
WAITT 
IN 
ANI 
JZ 
I~ 

ANI 
,lZ 
MVI 
ou'r 
WAITX 
I~ 

ANI 
JNZ 
WAITT 
IN 
A~I 
JZ 
'"'VI 
ou'r 
MVI 
ou'r 
",VI 
ou'r 
CLRA 
XRA 
OUT 
RET 

PRTF 
TCU' 
?1011128 

PRTF 
TCIF 
??0921 
I~TI 
ENDMK 
XFER3 
A,TCSY 
C'I092 

PRTF 
TCIF 
119322 

PRTF 
TCIF 
710023 
A,AXRA 
AUX'ID 
A,FNHSK 
AUX~D 

A,TON 
ADRMD 

A 
AUX~D 

AP-66 

;Wait- for TCS 
;Get task cl')mplete tnt,etc. 
;Mask 1 t 
;Wait for task to be complete 
;Get END status bit 
;Mask 1 t 

;'rake control syncronously 

;Wait for 
;Get task 
;Mask it 
;Wait for 
;Not cont 

TCI 
complete jnt,etc. 

task to be complete 
AJt 0 rEN'O on EOS 

1Finish handshllke 

;Talk only 

,Normal return A=G 
;A XOR A =0 
;Immediate XEQ PON 

~5 , . 
596 ; *.***. * **** * ***** ***.* '!'*** **~** ** *** ** * **'*. *** *** __ 
597 
598 
599 
500 

TRIGGER ROUTINE 

; 
iI~PU'rS: 
;OUTPU'rS: 
;CALLS: 
,OESTROYS: 

501 
602 
603 
604 
50S 
686 
607 , 
608 TRIG: 
6A9 
619 TIUGl: 
611+ 
~12+ 
~13+ 
614+ 
615+ 
6H+ 
617+ 
618+ 
619+ 
62A. 
621 
~22.710024. 
~23+ 
624+ 
625 
626 
627 
628 
629 TRIG2: 
630+??0025. 
631+ 
632+ 
633 
634 
635 
G36+??9B2fi: 
637+ 

MVI 
ou'r 
RANGE 

MOV 
CPI 
J~ 
CPI 
JP 
WAITO 

IN 
liN I 
JZ 
'IOV 
ou'r 
INX 
JMP 
WIIITO 

IN 
liN I 
JZ 
·WI 
OUT 
WAITO 

IN 
ANI 

HL listener list pointer 
None 
None 
A, HL, F 

A,UNL ; 
DOUT ;Send universal unl isten 
20H,3EH,TRIG2 ;Check [or valid listen 

A,M 
208 
TRIG2 
3EH.I. 
TRIG2 

INn 
BOM 
?10924 
A,M 
DOUT . 
H 
TRIG) 

INn 
ROM 
110B25 
... ,GET 
DOUT 

INTI 
aOM 

,Checks for value in ranqe 
;branches to label if not 
lin ranqe. Falls through if 
,lower (= ( (M) (L) ) (- upper. 
;Get next byte. 

;Walt for LNL to finish 
;Get IntI status 
;Chetek for byte out 
;If not, try a~ain 
,Get listener 
; Send Ll stener to GPIB 
;Iner. pointer 
,Loop until non-valid char 
,Wait fl')r last listen to finish 
;Get IntI st .. tus 
,Cheek for byte out 
,If not, try a~ain 
;Senn qroup execute tril')'ger 
Ito all addresset! listeners 

;Get IntI status 
;Check for hyte out 
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11E8 CAE411 
11EB C9 

11EC 3E3F 
11EE D3~0 

UF8 7£ 
UFl FE28 
llF3 FA0912 
llF6 FE3F 
11F8 F2B912 

lll'B DB61 
llFD E682 
llFF CAF811 
12B2 7E 
12B3 D36B 
12B5 23 
1206 C3FBll 

12B9 DB61 
12BB E682 
12BD CA8912 
1218 3£94 
1212 0368 

1214 DB61 
1216 E682 
1218 CA1412 
121B C9 

121C 3E3l' 
121£ 0361 

1228 DB61 
1222 E6B2 
1224 CA2812 
1227 3E21 
1229 0368 

1228 DBG1 
122D E692 
122F CA2B12 
1232 3El8 
1234 D361 

1236 D861 

638+ 
639 
648 , 

JZ 
RET 

??U26 

AP-66 

,If not, try again 

641 , ••••• _ ••••••••••••••• _-_ •••••• _ •••• _- ••••• 
642 , 
643 ,DEVICE CLEAR ROU'rINE 
644 , 
645 , 
646 , 
647 ,INPUTS, 
648 ,OUTPUT: 
649 ,CALLS: 
~51 ,DESTROYS: 
651 , 
652 DCLR: MVI 
653 OUT 
654 DCLR1: RANGE 
655+ 
656+ 
657+ 
658+ 
659+ 
661+ 
661+ 
662+ 
~63+ 
664+ 
665 
6~6+118827: 
667+ 
6~8+ 
669 
678 
671 
672 
673 DCLR2: 
674+178128: 
675+ 
676+ 
677 
678 
679 
689+118829: 
681+ 
682+ 
683 
684 ; 

OIDV 
CPI 
JM 
CPI 
JP 
WAITO 

IN 
ANI 
JZ 
MOV 
OUT 
INX 
Ji'lP 
WAITO 

IN 
ANI 
JZ 
MVI 
OUT 
WAITO 

IN 
ANI 
JZ 
RET 

HL listener pointer 
None 
None 
A, HL, F 

A,UNL 
DOUT 
28H,3EH,DCLR2 

A,M 
288 
DCLR2 
3EH+1 
OCLR2 

INT! 
BOM 
??8827 
A,M 
DOUT 
H 
DCLR1 

INT1 
BOM 
778828 
A,SDC 
DOUT 

INT1 
BOH 
118929 

,Cheeks for value in range 
,branches to label 1 f not 
; in range. '''lIS throuqh if 
,lower (= ( (H) IL) ) (- uPper. 
;Get next byte. 

;Get IntI status 
,Check for byte out 
;If not, try again 

;Send listener to GPIB 

;Get Intl status 
,Check for byte out 
;If not, tryaqain 
,Sen~ device clear 
,To all addressed listeners 

;Get IntI status 
,Check for byte out 
,If not, try again 

685 ,._._-----.-._._._. _____ •••• ________ e __ e ______ .e •• __ 

fi86 
687 SERIAL POLL ROUTINE 
~88 , 
689 ,INPUTS: 
698 
691 
692 
~93 
694 

;OUTPUTS: 
,CALLS: 
,DESTROYS: , 

695 SPOL: 
696 
697 
698+178038: 
699+ 
7BB+ . 
781 
702 
703 
784+178031 : 
785+ 
786+ 
787 
788 
789 
718+178832: 

MVI 
OUT 
WAITO 

IN 
ANI 
JZ 
MVI 
OUT 
WAITO 

IN 
ANI 
JZ 
MVI 
OUT 
WAITO 

IN 

HL talker list pointer 
DE status buffer pointer 
Fills buffer pointed to by DE 
None 
A, BC, DE, HL, F 

A,U~L 
DOUT 

INTl 
BOM 
??8B38 
A,MLA 
DOUT 

INTI 
BOM 
118131 
A,SPE 
DOUT 

INT1 

,Universal unllsten 

,Get Inti status 
,Check for byte out 
,If not, try again 
, My I I sten add ress 

;Get IntI status 
,Check for byte out 
,If not, try aqain 
,Serial poll enable 
,To be formal about 1 t 

,Get IntI status 
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1238 EI'jA2 
123A CA3~12 

1230 7P-
123E FE4A 
1240 FA9412 
1243 FE5F 
1245 F29412 
1248 7E 
1249 03~0 
124B 23 
124C 3E40 
124£ D364 

1250 0861 
1252 E502 
1254 CA5012 

1257 IIF 
1258 D3~5 
125A 3EF6 
125C 0369 

125E D86F: 
12~0 E502 
12~2 C25E12 

1265 DBGF 
1267 £602 
1269 CM512 

126C DB~1 
126£ 47 
126F E6n 
1271 CII6C12 
1274 ]EFD 
1276 D3S9 

1278 DB6F 
12711 E602 
127C C27812 

127F DB6F 
1281 £602 
1283 CA7Fl2 
1286 DB60 
1288 12 
1289 13 
12811 3£80 
128C D364 

128E AF 
128F D365 

1291 C33D12 

1294 3E19 
1296 D360 

1298 DB61 
129A £6~2 
129C CA9812 

129F IIF 
12AO D365 
12A2 C9 

711+ 
712+ 
71 3 SPOLl: 
714+ 
715+ 
71fl+ 
717+ 
71A+ 
719+ 
720+ 
721+ 
722+ 
723+ 
724 
725 
726 
727 
728 
729 
739+710033: 
731+ 
732+ 
733 
734+ 
735 
736 
737 
738 
739+170034: 
748+ 
741+ 
742 
743+1?A035: 
744+ 
745+ 
746 
747+170035: 
748+ 
749+ 
759+ 
751 
752 
753 
754+?10037: 
755+ 
756+ 
757 
758+170338: 
759+ 
760+ 
761 
762 
763 
764 
765 
766 
767+ 
H8 
769 
770 
771 , 
772 SPOL2: 
773 
774 
775+??a039: 
776+ 
777+ 
778 
779+ 
780 
781 
782 I 

II~I 

.1Z 
RANGE 

MOV 
CPI 
J'" 
CPI 
JP 
·~OV 
oU'r 
INX 
!'IVI 
oU'r 
WAITO 

IN 
ANI 
JZ 
CLRA 
XRA 
oU'r 
~VI 
ou'r 
WAITX 
IN 
ANI 
JNZ 
WAITT 
IN 
ANI 
JZ 
WAITI 
IN 
HOV 
ANI 
JZ 
MVI 
ou'r 
WAITX 
IN 
A~I 

JNZ 
WAIT'r 
IN 
ANI 
.1Z 
IN 
STAX 
INX 
MVI 
ou'r 
CLRA 
XRA 
ou'r 

JMP 

MVI 
OUT 
WAl'fO' 

IN 
A~I 

JZ 
CLRA 
XRA 
OUT 
RET 

AP-66 

BOflo) ;Check for byte out 
??AA12 ;If not, try again 
40'H,SP.H,SPOL2 ;Check for valid to!!llker 

A,M 
40H 
SPOL2 
5tH+i 
SPOL2 
A,M 
DOU'r 
H 
A,LO~ 

ADRMD 

INTI 
80~ 

??0033 

II 
AUXMD 
A,GTSB 
CMD92 

PRTF 
TCIF 
170B34 

PRTF 
TCIF 
170035 

IN'rl 
B,A 
aIM 
170036 
A,TCSY 
Cl'ID92 

PRTF 
TeIF 
170037 

PRTF 
TCIF 
170038 
DIN 
D 
D 
A,TON 
ADRMD 

A 
IIUXMD 

SPOLI 

A,SPO 
DOUT 

INTI 
BOM 
??B039 

A 
AUXMD 

;·Cheeks for value In ran'1e 
: hrllnches to 1,,")el if not 
:in ranqe. Falls throuqh if 
; lower (= ( (H) (L) ) (s upper. 
,Get next hyte. 

;Get talker 
,Sen'" to GPIB 
;Incr tl'llker list pointer 
;Listen only 

;wait for talk atidress 
;Get IntI status 
,Check for byte out 
;If not, try again 
;Pattern for Imme~iate 
III XOR A cB 

;Goto standby 

;Wait for Tel false 

;Wait for Tel 

to complete 

XEQ PON 

;Get task complete int,etc. 
,Mask it 
;Walt .fnr task to he complete 
;Wait for status hyte input 
,Get INTI st .. tus 
;Save status in B 
,Cheek for byte in 
IIf not, just try again 
;Tltke control sync 

;Wait for Tel false 

,Walt for TCI 
,Cet task complete int,ete. 
;Mask it 
;walt for task to be complete 
;Get serial pOll status byte 
;Store it In buffer 
; Incr pointer 
;Talk only for controller. 
; 

,A XOR A ~n 
; Immed 1 ta te XI:':Q PON 
,CLR LA 
ICO on to next device on list 

,Serial poll disable 
;We know 80 was set (WAITO above) 

:Get IntI status 
,Check for byte out 
;If not, try 8'1ain 

;A XOR A cA 
; Immed late XEQ PON to cl ear LA. 

783 I ** .*.**** .**** .... **** ** ***.* ** ***** ** ••••• "'''''''''* .. *. * ... 
784 
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intJ 

12A3 ]~3F 
12A5 D360 

12A7 7E 
12A8 FE20 
12M FA0812 
12AO FE3F 
12AF F20812 

12B2 OB61 
12B4 £692 
12B6 CAB212 
12B9 7£ 
128A 0359 

128C OB61 
128£ £602 
12Cn CABC12 
12C3 ]E05 
12C5 O]~0 

12C7 0861 
12C9 E~~2 
12Cd CAC712 
12CE 1/\ 
12CF Ffi6B 
1201 0360 
1203 23 
1204 13 
1205 C3A712 

1208 0861 
120/\ £602 
120C CA0812 
12DF C9 

12£0 3£3F 
12E2 0350 

12E4 7E, 
12E5 FE20 
12E7 FAF012 
12EI\ F£3F 
12£C F2FD12 

12£F OBfil 
12Fl £602 
12F3 CAEF12 

Ap·66 

785 
78~ 

PARALLEL POLL ENABLE Rou'rINE 

787 INPUTS: 
788 
789 OUTPU'rS: 
79B CALLS: 
791 DESTROYS: 
792 
791 
794 PEN: 
795 
795 PPEN1: 
797+ 
798+ 
799+ 
800+ 
891+ 
8A2+ 
803+ 
804+ 
895+ 
806+ 
897 
898+110049: 
809+ 
819+ 
811 
812 
813 
814+??0041 : 
815+ 
816+ 
817 
8111 
819 
820+1?0042 : 
821+ 
822+ 
823 
824 
825 
826 
827 
828 
829 PPEN2: 
839+119343: 
831+ 
832+ 
833 

MVI 
au'r 
RANGE 

MOV 
CPI 
J~ 

CPI 
JP 
WAITO 

IN 
ANI 
JZ 
MOV 
OUT 
'~AITO 

IN 
ANI 
JZ 
'~VI 
Ou'r 
WAITO 

IN 
ANI 
JZ 
LDAX 
ORI 
ou'r 
INX 
INX 
JMP 
I~AITO 

IN 
ANI 
JZ 
RET 

HL listener 11st 
rJE confi'luration 
None 

pointer 
byte pointer 

None 
A, OF-, HL, F 

A,U~L 

DOU'r 
;Universal unl isten 

20H,3EH,PPElIJ2 ;Check for valid listener 

A,~ 

2AH 
PPEN2 
3EH+l 
PPEN2 

IN'rl 
80M 
??nA4A 
A,M 
oou'r 

IN'rl 
80M 
1?9041 
A,PPC 
DOUT 

INT1 
80M 
110042 
o 
PPE 
OOUT 
H 
o 
PPENl 

INTl 
80~ 

??U43 

,Checks for value in ranqe 
:branches to label if not 
lin ran"e. Falls throUtlh If 
,lower (= ( (HI (LI I (= upper. 
;Get next byte. 

;Valid wait 91 data 
;Get IntI status 
;Check for hyte out 
: If not, try aqain 
;Get listener 

;Get IntI status 
;Check for byte out 

out req 

;If n~t, try again 
;parallel poll confiqure 

;Get IntI status 
;Check for byte out 
rIf not, try again 
;Get matchin'l confiquratlon byte 
;Met'l'e with parallel poll enable 

;Incr pointers 

;Loop until Invalirl listener char 

;Get IntI status 
;Check for byte out 
;If not, try again 

:~~ ;PARALLEL POLL OISA8LE ROU'rINE 
8]6 , 
837 ,INPU'rS: 
838 ,OU'rpUTS: 
839 ,CALLS: 
849 ,DESTROYS: 
841 , 
842 PPOS: 
84] 
844 PPDS1: 
845+ 
84~+ 
847+ 
848+ 
849+ 
859+ 
851+ 
852+ 
853+ 
854+ 
855 
856+??0044 : 
857+ 
858+ 

I'1VI 
ou'r 
RANGE 

MOV 
CPI 
J~ 

CPI 
lP 
WAITO 

IN 
MI 
,JZ' 

HL listener list pointer 
None 
None 
A, HL, F 

A,U'iL 
DOUT 

;Universal unl isten 

23H, 3eH, PPDS2 ; Check for val id Ii stener 

A,M 
• 20H 

PPOS2 
]EH+l 
PPDS2 

IN'fl 
BO~ 

??3"44 

,Checks for value in ranqe 
; branches to lahel if not 
; in ran'le .. Falls throuqh if 
; lower (= ( (ti) eLl ) (= upper .. 
;Get next hyte .. 

;Get IntI status 
;Check for hyte out 
;If not, try aqain 
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intJ 

12F6 7E 
12F7 0368 
12F9 23 
lUA C3F.412 

12FO 0861 
12t"F F.~H2 
1391 CAFOl2 
13114 3EAS 
139~ 0359 

1398 0861 
13ell E~82 
13ec CA8S13 
13BF 3£7~ 
1311 OH9 

1313 0861 
IllS E602 
Ill7 CA1313 
131A C9 

IllS 3£15 
1310 0368 

131F 0861 
1321 £6B2 
1323 CAIF13 
1326 C9 

1327 3£4B 
1329 0354 

1326 AF 
132C 0365 
132£ 3EF5 
1339 03~9 

1332 0861 
1334 47 
1335 £Ul 
1337 CA3213 
133A 3ES8 
133C 0364 

133£ AF 
133F 0355 
1341 OB~8 
1343 C9 

859 ~OV 
8~9 OUT 
~~I INX 
M2 J'IP 
863 PPOS2: WAlTa 
86H11A~45: IN 
8~5+ ANI 
8511+ .1Z 
867 ~VI 
8~8 ou'r 
S~9 WAlTa 
87w+nB~4r,: IN 
871+ ANI 
872+ JZ 
873 "VI 
874 OUT 
875 WAlTa 
876+119847: IN 
877+ ·ANI 
878+ JZ 
879 RET 
888 

A,M 
DOUT 
~ 
PPDSI 

INn 
80'1 
n8A4~ 
A,PPC 
DOUT 

INTI 
80~ 

119846 
A,PPD 
DOUT 

IN'U 
BOIo\ 
??8847 

Ap·66 

,Get 1 i stener 

,Iner pointer 
,Loop until invalid listener 

;Get IntI St"tU5 
,Check for byte out 
,If not, tryaqain 
;parallel poll confiC'JuE'e 

,Get IntI status 
,Check for hyte out 
;If not, try aqat" 
,Parallel poll disable 

,Get Inti status 
,Check for byte out 
, If not, try aqain 

881 
882 

PARALLEL POLL UNCONFIGURE ALL ROU'rINE 

883 
884 
885 
886 
887 
888 
889 
899 

, 
I INPUTS: 
,OUTPUTS: 
ICALLS: 
,DESTROYS: 
I 
PPUN: 

891 
892+??3048: 
893+ 

~VI 

ou'r 
WAlTa 

IN 
ANI 
JZ 
RET 

894+ 
895 , 

None 
None 
None 
A, F 

A,PPU 
DOUT 

INTI 
80'1 
??8B48 

,Parallel poll unconfiqure 

;Get IntI status 
;Cheek for byte out 
,If not. try 8'1ain 

895 
897 
898 
899 
988 
9al 
9A2 
903 
984 
985 
9A6 

, ********* * ***** ** ***** ***** *** **.* * ** ** * * •• ****** * 
I 
ICONDUCT A PARALLEL POLL 

, 
,INPu'rs: 
IOUTPUTS: 
,CALLS: 
I DESTROYS: 
,RETURNS: 

m ~POL: 
989 
918 
911+ 
912 
913 
914 
915 
916+n8A49: 
917+ 
918+ 
919+ 
928 
921 
922 
923+ 
924 
925 
926 
927 , 

"IVI 
ou'r 
CLRA 
XRA 
OUT 
",VI 
OUT 
WAITI 
IN 
MOV 
ANI 
JZ 
MVI 
OUT 
CLRA 
XRA 
ou'r 
IN 
RET 

~one 

None 
None 
A, ft, .. 
A= par"llel poll status byte 

A,LON 
AI)R"D 

A 
AUXMO 
A,EXPP 
CMD92 

INTI' 
8,A 
~IM 

nBW49 
A,TO~ 
ADR'ID 

A 
AUX"D 
DIN 

,Listen only 

I Immed late X£O paN 
IA XOR A -9 
,Reset TO'" 
;Execute parallel poll 

,Wait for completion= BI on 91 
,Get INTI status 
rSave status in e 
ICheck for byte In 
,If not, iust try aqain 
ITaik only 

I Immed late XEQ PON 
rA XOR A -" 
,Reset LO'" 
IGet PP byte 

928 ; ***** •••• **** * * *** * * ***.* ** *** *** ********* ***. 
929 ,PASS CONTROL ROU'rINE 
938 I 
931 IINPu'rs: 
932 ,0u'rpUTS: 

HL pointer to talker 
None 
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1344 7E 
1345 FE40 
1347 FA8A13 
134A FE5F 
134C F28A13 
134F FE41 
1351 CABA13 
1354 03<;0 

1356 0861 
1358 EG~2 
135A CA5~13 
1350 3E09 
135F 03<;" 

1361 OB61 
1363 E602 
13~5 CMl13 
1368 3EOl 
136A 0364 

13'5C AF 
1360 0365 
13<;F 3EOl 
1371 0356 
1373 3EAl 
1375 D3~5 

1377 JEFI 
1379 D3~9 

1378 DB~F 
1370 E602 
137F C27B13 

1382 OB6F 
1384 E602 
1385 CA8213 
1389 23 
138A C9 

138B D8~1 
1380 E680 
138F CACF13 
1392 1)865 
1394 FE09 

AP-66 

933 ;CALLS: 
934 ,DESTHOYS: 

None 
A, HL, F 

935 PCTL: RANGE 4121H, 5EH, PCTLI ; Is ita val id talker 
936+ 
937+ 
938+ 
939+ 
940+ 
941+ 
942+ 
943+ 
944+ 
945+ 
946 
947 
94 R 
949 
95A+??A}tS::J : 
951+ 
952+ 
953 
954 
955 
956+71121051 : 
957+ 
958+ 
959 
960 
951 
9~2+ 
963 
964 
965 
96~ 

MOV 
CPI 
J." 
CPI 
JP 
CPI 
JZ 
OUT 
WAITO 

IN 
A~I 

JZ 
'1VI 
OU'f 
WAITO 

IN 
A"I 
JZ 
'1VI 
ou'r 
CLRA 

A,M 
40~ 
PCTLI 
5EH+l 
PCTLI 
MTA 
PC'fLl 
DOUT 

INn 
BOM 
170050 
A,TCT 
DOUT 

I!'J'U 
80M 
170351 
A,MODEl 
ADRMD 

;Checks for value in ran~e 
;b~anches to la~el if not 
lin ranqe. Falls through if 
; lower (= ( (M) eLl ) (= upper. 
;Get next byte. 

;Is it my talker ad~ress 
;Yes, just return 
;Senrt on GPIB 

;Get IntI status 
;Check for byte out 
;If not, try again 
;Take control meSS8Qe 

;Get IntI status 
;Check for hyte out 
;If not, try again 
;Not talk' only or listen only 
;Enable ql anrlress mone 1 

XRA A ; A XOR A =0 
OUT AUXto!.O; Immed iate XEO PON 
'~VI A,MDA ;My device adrlress 
ou'r ADRAI ;enabled to talk and listen 
MVI A,AXR8+CPTE"" ;Command pass thru enable 
Du'r AUX"'10 967 

968 
9~9 
970 

;*****··optional PP configuration goes here**** •• ** 

971 
972+??9952 : 
973+ 
974+ 
975 
97ti+??(/JA53: 
977+ 
978+ 
979 
9S0 PCTLl: 
981 
982 , 

MVI A,GIDL ;q2 go idle commanrl 
ou'r CMD92 
WAITX 
IN 
ANI 
JNZ 
WAITT 
IN 
ANI 
JZ 
INX 
RET 

PRTF 
TCIF 
??~:;'52 

PRTF 
TCIF 
??0A53 
H 

;Wait for TCI 
;Get task c~mplete int,etc. 
;Mask it 
;Wait for task to he complete 

983 ; ************************ ••• ****.t ••• ****** 
::~ ;RECEIVE CONTROL ROUTINE 
986 

None 
None 
None 
A, F 

987 ; INPUTS: 
988 ,OU'fPUTS: 
989 ;CALLS: 
990 ;DP.STROYS: 
991 ,RETURNS: 
992 , 

A= invalid fnot take control to us or cP'r bit not on) 

993 ,NOTE: 
994 
995 
996 
997 
998 
999 

HHl0 ; 
1031 RCTL: 
1002 
1003 
1004 
1005 

IN 
ANI 
JZ 
IN 
CPI 

( > " = val id take control-- 92 will nnw be in control 
THIS CODE MUST BE TIG~TLY WTEGRATED IN'fO ANY USp.~ 
SOFTWARE THA'f FUNCTIONS tilTH 'fHP. "291 A~ A DEVICE. 
NORMALLY SQI'<l.E AOVA~CE WARNING OF IMPENDI"'I'G PASS 
CONTROL SHOULD 8E GIVE" 'fO US "Y fHP. CON'fROLLP'q 
tilTH OTHER USEFUL INFO. THIS PRO'fOCOL IS SITUATION 
SPECIFIC AND '<ILL NOT BE COVERF.D HERE. 

INTI 
CPT 
RC'fL2 
CP'rRG 
TCT 

;Get INTI req (i.e. cP'r etc.) 
,Is command pass thru on ? 
;No, invalid-- go return 
;Get command 
;Is it take control? 
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inter 

139/i C2eA13 
1399 DB'4 
139" E"~2 
139D CACA13 
13"" 3P.60 
13A7 D3"" 
13M 3E8~ 
13M 113<;4 

13AB AF 
13A9 D351 
13AB D3"2 
13M D3"S 
13AF 3EFA 
13Bl o3Jl9 
13B3 3 .. 0,' 
138S D3<;S 

13B7 DB"F 
1389 E6~2 
13rlB C2B7l3 

13rlE DB"F 
13ce 8fi02 
13C2 CME13 
13CS 3E~9 
13C7 C3Cfl3 
13CA 3E~F 
13CC D365 

13CE At' 
13CF C9 

131.)0 DR(,9 
13D2 E620 
13D4 CAE213 
13D7 F""S 
13D9 0369 
13D8 DBfi9 
13DD Efi02 
13DF CADB13 
13E2 C9 

13E3 3EF8 
13ES 0359 

13E7 DBfiF 
13E9 E"02 
13EB C2F-7l3 

13EE DB6F 
13,'0 E"A2 
13F2 CAEEI3 

10A<; 
1"07 
1808 
1~09 
lOlA 
I~II 
1~12 

1"11 
1014 
181S+ 
1"1" 
1817 
1018 
1819 
1~2" 
1021 
1022 

,)NZ 

Mvr 
ou'r 
MVI 
ou'r 
CLRA 
XRA 
alIT 

'ou'r 
ou'r 
MVI 
Du'r 
MVI 
ou'r 

RCTLI 
ADRt;T 
'rA 
RCTLl 
A,DTDLI 
ADRAI 
A,TO~ 

ADR"10 

AUXMO 

Ap·66 

NO, qo return inVnlid 
Get arMress st .. tus 
I5 TA ~n ? 
No -- qo return inval id 
Oi5anle talker listener 

;Talk only 

,A XOR " ~O 
;Mask off I~T hits 

h,TCN'rR :T"ke (receive) control 92 command 
C/OlD92 
A,vse,'·m :valin commanri pi'\ttern for 91 
AUXro1D 

1023 ; ******** optional ToU'rl 
',.olAITX 1~24 

1~2S+??~"S4 : 
1026+ 

check could he put here **"''''''''''** 

1027+ 
1028 
1029+??0~S5: 
103~+ 
lA31+ 
1037 
1~33 
1834 HCTLl: 
1035 

IN 
ANI 
JNZ 
'.oIAITT 
IN 
ANI 
JZ 
MV! 
,np 
~vr 

ou'r 
1~35 CLRA 
1~37+ XR,~ 
1038 Bcn2: RET 
1039 ; 

PHTF 
TCIF 
??~0S4 

PHTF 
TCI~ 
7?~~1}C; 

A.,TC'r 
HC'rL2 
A,VSCMD 
AUX:'oID 

,~ 

:Wait for Tel 
:Get task complete lnt.etc. 
;Mask it 
;Wait for task to be complete 
;Val in. return pattern 
;Only one return per routine 
;Acknowledqe cP'r 

:Error return pattern 
,A xon A ~~ 

104 ~ 1 * *_. '* * * * * '* '* ** * * * **. * *. '* II ••••• * * * * * *.* * '* * II. * '* * * * '* * 
1041 
1042 SRO ROU'r I"JE 
1043 
1044 
1~4S 
lA45 
1047 
104 B 
1049 
1050 

, 
; INPUTS: 
;ou'rpUTS: 
;CALLS: 
; RE'rURNS: 

10Sl SHQD: 
1052 

IN 
ANI 
,JZ 
ORr 
ou'r 
IN 

1053 
1054 
1055 
105<; SRQDI: 
lA57 ANI 
IA58 JZ 
1059 SRQD2: RET 
1(H,3 ; 

None 
None 
None 
A= " no St-l0 
A. < ) A SRQ occureri 

INTST 
SR(JHT 
SHQD2 
IACI( 
CMD92 
INTST 
IRFBT 
SRQDl 

;Get q,'s I~TRO st .. tus 
:t.1ask off SRQ 
;Not set--- go return 
;Set--- must clear it with lACY< 

;Get IS'F 
:Mask it 
;Wi'lit if not set 

lC61 ;._ ••• _._----_ •• _--_ •• _--.-._-_ ••• _---_ •• _--­
ao;2, 
1063 ,REMOTE ENABLE ROUTINE 
1064 
105S 
10"" 
1."7 
1058 
1059 

,INPu'rs: 
,ou'rpu'rs: 
;CALLS: 
; D8STROYS: 

107~ REME: 
1071 
1072 , 
l073+?'?'H151j: 
1074+ 
1.75+ 
1075 
1077+710057: 
1078+ 
1079+ 

MVI 
ou'r 
l't'AI'rX 
IN 
ANI 
JNZ 
WAIT'r 
IN 
ANI 
JZ 

None 
None 
NON"E 
A. F 

A,SRE~ 

CMD92 

PRTF 
TCIF 
??A::J5'; 

PRTF 
TCrF 
??A~57 

; 92 aSSerts remote enehie 
;Wait for TeI = ~ 

W:.it for Tel 
Get task complete lnt,etc. 
Mask it 
Wait for task to he complete 
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131'5 C9 10BA RE'r 
1AB1 
10R2 : **** ."._- """"" *" *.- *""" * """". _._-- ***** .--
UR3 , 
1084 :LOCAL ROU'rIII,JF.: 
10B5 
1086 , 
1B87 ,INPU'I'S: None 
lABR ;OUTPUTS: None 
1389 ,CALLS: None 
1A90 ;DESTROYS: A, I' 
1091 , 

131'6 3EF7 !An LOCL: ~VI A, SLoe 
131'8 0359 1093 OUT C~D92 :92 stops assertinq remote enable 

1A94 NAITX ;wait for Tel '0 
131'A DB6F 1A95+110058: IN PR1'F 
13FC E6~2 1A96+ ANI 'rCIF 
13FE C2FA13 1A97+ JNZ 170A~A 

lA98 WAIT'r :Wait for TCI 
1401 DR6F 1099+17A0 59: IN PRTF ;Get task complete int,etc. 
1403 E602 110A+ ANI TCIF ;Mask it 
1405 CA0114 1101+ JZ ?1"" 59 ;Wait for task to be complete 
1408 C9 1102 RE'r 

1103 , 
1104 ;********************************************** 
1105 
1106 , INTERFACE CLEAR / AROI~T ROU'rINE 
1107 
1108 , 
11A9 ; INPu'rS: None 
l11B ;OU'rpIJTS: None 
1111 ,CALLS: None 
1112 ,DESTROYS: A, I' 
1113 
111' , 

1409 3EF9 1115 IFCL: MVI A,ABORT 
140~ DH9 1116 OUT CMD92 :Send IFC 

1117 ',o/AITX ,Wait for TCI =0 
HAD DR6F 1118+??A36~: IN PR'rF 
140F E~~2 1119+ ANI TCIF 
1411 C20D14 1120+ JNZ ??iHHi1 

1121 WAITT :1"1a i t for TCI 
1414 DB6!' 1122+??IH'lil: IN PRT!' ;Get task complete int,etc. 
1416 E602 1123+ ANI TCIF :Mask it 
1418 CA1414 1124+ JZ ??""':;1 :Wait for tas\( to be complete 

1125 ;Delete bot" WAl'fX " WAITT if this routine 
l12+' _~ is to be called while the 9292 is 
1127 ;Controller-in-Char~e. If not C.I.C. then 
1128 ,TCI is set, else nothinq is set (IFe is sent) 
1129 land the WAIT'S will hanq fo rever 

141B C9 1138 RET 
1132 
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0032 
0031 
9051 
0000 
003A 
~0;'F 

00~0 

141C 4~55314~ 
1420 52333748 
1424 48414032 
1428 5~4F 
142A 00 
A00F 
1428 50463447 
142F 3754 
0006 
1431 31 
1432 FF 
1433 32 
1434 FF 
1435 51 
143~ FF 

1437 ~500 
1439 0EDF 
1438 ll1C14 
l43E 213314 
1441 COIC10 

1444 0~54 
1445 3E06 
1448 112a14 
1448 213114 
144E COICIA 

1451 COD913 
1454 CA5114 

1457 11003C 
145A 213514 
1450 COIC12 
1460 IB 
14~1 III 
1462 E~4 A 
1464 CA7714 

1467 06311 
1469 BEll 
1468 213514 
14~E lUl3C 
1471 C09F10 
1474 C27714 

1477 00 

3C00 
3Cn 
0311 

AP-66 

1133 
1134 
1135 
1131i 
1137 
1138 
1139 
1140 
1141 
1142 
1143 

,APPLICATIO~ eXMPLF. CODe FOR 8q~~ 

FGD\JL EQU 
,'CDNL E(lU 
FCDNT SOU 
CR EQU 
LF EOU 
LEND EQU 
SHQM EQU , 
FGDA1'A: DB 

1144 LIMI eQU 
11~5 FenllTA: DB 

1146 LI"2 
1147 LLl: 

1148 LL2: 

1149 TLl: 

1150 ; 
1151 ,SETUP 
1152 
1153 
1154 
1155 
1156 
1157 , 

EOU 
DB 

DB 

DB 

FUNCTION 
MVI 
MVI 
LXI 
LXI 
CALL 

'2 ' 
'I' 
'Q' 
,mrl 
0A~ 

An'H 
40H 

:Func qen device num "2" ASCII,lstn 
;Freq etc device num ·1" A~CII,lstn 
;Freq etr talk address 
;ASCII carriaqe return 
;ASCII line feed 
;[.ist end for Talk/Listen lists 
;Bit indicatinq d~vice sent SRO 

I FUIFR37KHA'III2VO I ,eR ;Oat~ to set up func. qen 

15 
'PF4G7r' 

FeONL, LEND 

FGDNL, LEND 

FCDNT,LF.!flJD 

GENE"ATOR 
B,eR ; EOS 
C, LIMI ;Count 
D,FGDATA. 
H,tL2 ;Listen 
SEND 

;'3uffer lenqth 
. ;Data to set up freq etr 

;Buffer length 
;Listen list for freq etr 

;Listen list for fune. qen 

;'ralk list for freq etr 

;Data pointer 
list pointe,r 

1158 ,SETUP FREO cOU~'rER 
1159 
1160 
1161 
1162 
1163 
1164 
111;5 .. 

.. VI 
MVI 
LXI 
LXI 
CALL 

B, 'T' ,EOS 
C,tttot2 ;Count 
0, FCDATA 
H,LLl ;Listen 
~END 

;Data pointer 
list po'inter 

116,:) ;WAIT FOR st{Q FROM PREO CTR 
1167 , 
1168 LOOP: 
1169 

CALL 
JZ 

SRQO 
LOOP 

;Has SRQ occurred 
;No, wait for it 

1170 • 
1171 ;SERIAL,POLL TO CLEAR SRQ 
1172 
1173 
1174 
1175 
1176 
1177 
117R 
1179 
1180 , 

LXI 
LXI 
CALL 
DCX 
LDAX 
ANI 
JZ 

O,SPBYTE 
H,TLI 
SPOL 
D 
o 
SRQM 
ERROR 

;Suffer pointer 
:Talk list pointer 

;Backup buffer pointer to ctr byte­
;Get status byte 
;Did ctr assert SRQ ? 
;Ctr shoulti have sait! yes 

1181 ,RECEIVE READING FROM COU~TER 
1182 , 
1183 
1184 

, 1185 
1186 
1187 
1188 
1189 " 

MVI 
~VI 
LXI 
LXI 
CALL 
JNZ 

B,LF ;EOS 
C, Llhl3 ; Count 
H,TLI ;'ralk list pointer 
D,FCDATI ;Data in buffer pointer 
RECV 
ERROR 

11991 :******!' rest of user processing ~oes here * •••• 
1191 
1192 I 
1193 ERROR: 
1194 I 
1195 
1195 
1197 

ORG 
SPBYTe: 
LI .. 3 

NOP 
ETC. 
3CnBH 
OS 
EOU 

1 
17 

;User depentlant error handlinq 

;Location for serial poll byte 
;Max freq counter input 
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3C01 1198 FCOA'I'I : OS LIM3 ;Freq ctr input buffer 
1199 E"D 

PUBLIC SYMBOLS 

EX'fER'lAL SYI~1l0LS 

us £1{ SY,·HiOLS 
AHOItT A "eFg ADiUll , "eli" ADIl"O , A~'i4 ADR!;'r , A~t;4 AlIX"",U 1\ ~"'I;r; "XiV. " ""Ii" AXIHi A AAA'" 
"I. " ~'UHH "OF A AfiAl AO:" , "~!'2 f\USST , QlAr;R CAHCY Ii, A:'I~l CLK~'r A A.t'l eLKA + ;to!'7 
CLHs'r A ~HJIl!t CII1092 A 01)"9 CPT , AAQ~ CPT~N , AA~l CPTRCi A UA<!\r; CR " ""'\J) DCL A "~14 
OcLIt , llEC OCLRI , 1 If'" DCLR2 , 12"99 01_ A ~~Il'1 flOUT A ,,~r;q DTOLl fir. "~~(I DTDL2 A AREI! 
~Dt:OS , 90A4 I::Io.IU'otK , qAI" £0[5 II, 0~~e P.l)IST A !'''''' r,ns'l. , A~q ERFLG A ~Ac;R EHo""" fro "n,;R 
t:~RO~ A 1477 EVdI1' A It:U,1 !-;vcs'r A n~Il" EVREG A (HHjq EXPP A Itt:lFr; FCDATA " 101,,, (o'COATI A leAl 
~'cnNL A 0031 FCDNf A 101"'51 FCDATA " Idle f'GI)'IlL A nAJi' FN~SK A IH1Pl G€T A 11~!PI CIOL 1\ "AFI 
GSI::C A (lo1F4 G1'S~ A "AF~ !ioe",o A """2 IiOJ.lSI( A (III'!'! lACK A A~~B tBFST A GAlll lRFF A 9~UJ 
IFCL A 1409 I~IT A lenn I"'Tl A 0~1;1 I"'T2 A 0"~2 IIJTM , 

OJ~A" PIT'" 1 " li:t'l1 I"TMR A W21i8 
IN'fS'f A "'''''9 LA A ,,0"1 LEND A BAFF LF A AftA" Llhll A AA~F LPt2 A nAAti LlM3 A 3~11 
LLI A 1431 LL2 , 1413 LOCL A 13F~ LO_ A ""'4A Lnop A 1~c;1 MOA A (H',,1 "LA A 01121 
'''hJl.I£l A (HUH "TA A 0341 ~vc~n A AAA7 OHFF A ~A~~ peTL A 1311" PCTLI , 119A PPC A ""AS 
PPO A 007111 PPDS , 12t:\l PPllSl A 121::.1 PPDS2 , 12FD PPE , ",,1;11 PPE'" A liIA3 PPENI A 12A7 
l'Pl::N2 A 1208 PPOL A 1327 PPU A AA15 PP!JN A IllR PIlTQl A ,,~-;~ Plt'n' A '''''lEt PitTto"' A 'Hl~F 
H,'NGE:: + (HtSS Has')' A IH1E7 RC~T A A~E" ~C'rL , 13A~ R(:1'Ll , iJCA RCTL2 A IJCF RECV A lA9F 
HECVl A !BeA RECV2 A llA5 RECV3 , 11nl; RECVo1 A lllP UF.CV" " 1117 RECV'> A llJ9 RF./OtE A 13P.3 
H~:}U' A A8E::4 RERM A 0:)~A REVC A "REJ RI"'~ A ~"ES RSP.T A 0~F2 "1.5Tl A "ltF) RTou'r A 0~E9 
SDEOI A IHH1'i SEND A IIHe 5£0.101 A UJ2E 5E~D2 A 1047 Sr."'03 A lAliq SF.Nn4 1\ lA70 SF.~DS A HJ7F 
51:";..,06 A 1089 SE'rF + !-til":' SLoe A nAF7 SP~'i'rp. A )con SPCNI A "!lFB 5PO A An19 SPi'; A 1'''113 
SPIF A '''''''4 5POL A 121C SPOLl , 1210 ';POL2 , I?,Q4 sq£t.iI A "AFR SQOHT A A"291 SAQr) A 1]00 
SAQIl1 A 13D. 5RQ02 A lJP.2 St{OM A 011140 ~Te'H A AAt'"F: TA A A~!-I2 'rc,sy I\. A!lFC 'fell!' A A"A2 
feN'rH A !lOFA TC'S'{ A "..,F'n 'reT A 'HU:'9 'rL1 A 14)'; 'rL,,'" A "'Aen 'ro"l A A~qll TOi~EG A Ant;B 
TOST A "0f1~ Tou'rl , ~AIH TOUT2 " AAA2 'rou'r3 , Ano::t4 'rHIG , 11RC TM IGI , llC~ rRJG2 A 1109 
UNL A AAlF' VSC\\O A n;JnF WAITI + "I'IA2 WAITO + 'HHll ~'1"ITT + ;t~!l4 'flAITX + nu,,) rrlF.VC A A1F:2 
~ou'r A IH1El XF£t{ A 113A XFF. .. U A llS3 xn:1'f.2 A 11':;r. XF'F.A'\ , 1193 XF't:qll , 11ari 

.~SSEI~dLY COI~PLETE. NO ERflORS 
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APPENDIX B 

Test Cases for the Software Drivers 

The following test cases were used to exercise the soft­
ware routines and to check their action. To provide 
another device/controller on the GPIB a ZT488 GPIB 

Analyzer was used. This analyzer acted as a talker, lis­
tener or another controller as needed to execute the 
tests. The sequence of outputs are shown with each test. 
All numbers are hexadecimal. 

Send Test Cases 
B= 44 44 44 
C= 30 2 0 

DE= 3EBO 3EBO 3EBO 
HL=' 3E70 3E70 3E70 

3E70: 20 30 3E 3F 
3EBO: 11 44 

GPIB output: 41 ATN 41 ATN 41 ATN 
3FATN 3FATN 3FATN 
20ATN 20ATN 20ATN 
30ATN 30ATN 30ATN 
3EATN 3EATN 3EATN 
11 11 
44EOI 44EOI 

Ending B= 44 44 44 
EndingC= 2E 0 0 

Ending DE= 3EB2 3EB2 3EBO 
Ending HL= 3E73 3E73 3E73 

Receive Test Cases 
B= 44 44 44 44 44 44 44 
C= 30 30 30 30 4 4 0=256 

DE= 3E80 3EBO 3EBO 3EBO 3EBO 3EBO 3EBO 
HL= 3E70 3E70 3E70 3E70 3E70 3E70 3E70 

3E70: 40 50 5E 5F 40 40 40 
GPIB output: 40ATN 50ATN 5EATN 40ATN 40ATN 40ATN 

3FATN 3FATN 3FATN 3FATN 3FATN 3FATN 
21 ATN 21 ATN 21 ATN 21 AT~ 21 ATN 21ATN 

ZT4BB Data 1 1 1 1 11 1 
In 2 2 2 2 22 2 

3 3 3 3 33 3 
4 4 44,EOI 4 44 44 
44 5,EOI 

EndingA = 0 0 0 5F 40 0 0 
Ending B = 0 0 0 44 40 0 0 
EndingC = 2B 2B 2C 30 0 0 FC 
Ending DE= 3EB5 3EB5 3E84 3EBO 3EB4 3E84 3EB4 
Ending HL= 3E71 3E71 3E71 3E70 3E71 3E71 3E71 
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Serial Poll Test Cases 
C= 30 

DE= 3E80 
HL= 3E70 

3E70: 40 
50 
5E 
5F 

GPIB output: 3F ATN 
output: 21 ATN 
output: 18 ATN 
output: 40 ATN 
input': 00 
output: 50 ATN 
input': 41 
output: 5E ATN 
input': 7F 
output: 19 ATN 

AP-66 

C= 
DE= 
HL= 

3E70: 
GPIB output: 

EndingC = 
Ending DE= 
Ending HL= 

°NOTE: leave ZT488 in single step mode even on input 
EndingC = 30 
Ending DE = 3E83 
Ending HL= 3E73 
Ending 3E80: 00 41 7F 

Pass Control Test Cases 
HL= 3E70 

3E70: 40 
GPIB output: 40 ATN 

09ATN 
-ATN 

Ending HL= 
EndingA = 

3E71 
02 

Receive Control Test Cases 

3E70 
41 (MTA) 

3E70 
41 (MTA) 

GPIB input 10 ATN 
ATN 

Run Receive Control 
GPIB Input 
EndingA= o 

3E70 
5F 

3E70 
5F 

40ATN 
09ATN 

ATN 
o 
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30 
3E80 
3E70 
5F 
3FATN 
21 ATN 
18ATN 
19ATN 
30 
3E80 
3E70 

41 ATN 
09ATN 

ATN 
09 



inter 
Parallel Poll Enable Test Cases 

OE= 
HL= 

3E70; 
3E80; 

GPIB output: 

Ending OE= 
Ending HL= 

Parallel Poll Disable Test Cases 
HL= 

3E70; 
GPIB output; 

Ending HL= 

AP-66 

3E80 
3E70 
20 30 3E 3F 
01 02 03 
3FATN 
20ATN 
05ATN 
61 ATN 
30ATN 
05ATN 
62ATN 
3EATN 
05ATN 
63ATN 
3E83 
3E73 

3E70 
20 30 3E 3F 
3FATN 
20ATN 
30ATN 
3EATN 
05ATN 
70ATN 
3E73 

Parallel Poll Unconflgure Test Case 
GPIB output: IS ATN 

Parallel Poll Test Cases 
Set 010# 1 2 3· 4, 5 6 7 8 None 
Ending A 1 2 4 8 10 20 40 80 0 

SRQTest 

Ending A = 
Set SAO momentarily 
02 
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3E80 
3E70 
3F 

3FATN 

3E80 
3E7Q 

3E70 
3F 
3FATN 
05ATN 
70ATN 

3E70 

AesetSAO 
00 
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Trigger Test 
HL= 
DE= 
BC= 

3E70: 
_GPIB output: 

Ending HL= 
DE= 
BC= 

3E70 
3E80 
4430 
20 30 3E 3F 
3FATN 
20ATN 
30ATN 
3EATN 
08ATN 
3E73 
3E80 
4430 

Device Clear Test 

XFERTest 

HL= 
DE= 
BC= 

3E70: 
GPIB output: 

Ending HL= 
DE= 
RC= 

B= 
HL= 

3E70:­
GPIB output: 

GPIB input: 

Ending A = 
B= 

HL = 

Ap·66 
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3E70 
3E80 
4430 
20 30 3E 3F 
3FATN 
20ATN 
30ATN 
3EATN 
14ATN 
3E73 
3E80 
4430 

44 
3E70: 
40 20 30 3E 3f 
40ATN 
3FATN 
20ATN 
30ATN 
3EA~N 

o 
1 
2 
3 
44 
o 
44 
3E74 
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Application Example 
GPIB Output/Input 

GPIB output: 

GPIBinput: 
GPIB output: 

GPIB input: 
GPIB output: 

Ap·66 
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41 ATN 
3FATN 
32ATN 
4~ 
55 
31 
46 
52 
33 
37 
4B 
48 
41 
4D 
32 
56 
4F 
ODEOI 
41 ATN 
3FATN 
31 ATN 
50 
46 
34 
47 
37 
54EOI 
SRO 
3FATN 
21 ATN 
18ATN 
51 ATN 
.40SRO 
19ATN 
51 ATN 
3FATN 
21 ATN 
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GPIB input: 

GPIB output: 

3-87 

20 
2B 
20 
20 
20 
33 
37 
30 
30 
30 
2E 
30 
45 

. 2B 
30 
00 
OA 
XXATN 
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APPENDIX C 

REMOTE MESSAGE CODING 

Bus Signal Line(s) and 
Coding That Asserts the 

True Value of the Message 
C 

T I ,D D NN 
Y a I I DRD A E S I R 
P s 0 o AFA TOR F E 

Mnemonic' Message Name e s 8 7 6 5 4 3 2 1 VDC N I Q C N 

ACG addressed command group M AC Y 0 0 0 X XXXXXX 1 X X X X 
ATN attention U UC X X X X X X X X XXX 1 X X X X 
DAB data byte (Notes 1, 9) M DO 0 o 0 0 0 0 0 0 XXX 0 X X X X 

8 7 6 5 4 3 2 1 
OAC . data accepted U' HS X X X X X X X X XXO X X X X X 
OAV data valid U HS ·X X X X X X X X 1XX X X X X X 
OCL device clear M UC Y 0 0 1 0 1 o 0 XXX 1 X X X X 
END end U ST X X X X X X X X XXX 0 1 X X X 
EOS end of string (Notes 2, 9) M DO E E E E E E E E XXX 0 X X X X 

8 7 6 5 4 3 2 1 
GET group execute trigger M AC Y 0 o 0 1 0 0 0 XXX 1 X X X X 
GTL go to local M AC Y 0 0 0 000 1 XXX 1 X X X X 
lOY identify U UC X X X X X X X X XXX X 1 X X X 
IFC interface clear U UC X X X X X X X X XXX X X X 1 X 
LAG listen address group M AD Y 0 1 X X X X X XXX 1 X X X X 
LLO local lock out M UC Y 0 0 1 000 1 XXX 1 X X X X 
MLA my listen address (Note 3) MAOY01 L L L L L XXX 1 X X X X 

543 2 1 
MTA my talk address (Note 4) M AD Y 1 0 T T T T T XXX 1 X X X X 

543 2 1 
MSA my secondary address (Note 5) M SE Y 1 1 S S S S S XXX 1 X X X X 

543 2 1 
NUL null byte M DO 0 0 0 0 0 0 0 0 XXX X X X X X 
OSA other secondary address M SE (OSA = SCG A MSA) 
OTA other talk address M AD (OTA = TAG A MTA) 
PCG primary command group M - (PCG = ACG V UCG V LAG V TAG) 
PPC parallel poll configure M AC Y 0 0 0 0 1 o 1 XXX 1 X X X X 
PPE parall,el poll enable (Note 6) M SE Y 1 1 0 SPPPXXX 1 X X X X 

321 
PPO parallel poll disable (Note 7) M SE Y 1 1 1 0 ODD XXX 1 X X X X 

4 321 
PPR1 parallel poll response 1 } (Note 10) 

U ST X X X X X X X 1 XXX 1 1 X X X 
PPR2 parallel poll response 2 U ST X X X X X X 1 X XXX 1 1 X X X 
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REMOTE MESSAGE CODING (Continued) 

Bus Signal Line(s) and 
Coding That Asserts the 

True Value of the Message 
C 

T I D D NN 

Y a I I DRD A E S I R 

P s 0 0 AFA T 0 R F E 
Mnemonic Message Name e s 876 5 4 3 2 1 VDC N I Q C N 

PPR3 parallel poll response 3 } U ST X X X X X 1 X X XXX 1 1 X X X 
PPR4 parallel poll response 4 (Note 10) U ST X X X X 1 X X X XXX 1 1 X X X 
PPR5 parallel poll response 5 U ST X X X 1 X X X X XXX 1 1 X X X 
PPR6 parallel poll response 6 } U ST X X 1 X X X X X XXX 1 1 X X X 
PPR7 parallel poll response 7 (Note 10) U ST X 1 X X X X X X XXX 1 1 X X X 
PPR8 parallel poll response 8 U ST 1 X X X X X X X XXX 1 1 X X X 
PPU parallel poll unconfigure M UC y 00101 0 1 XXX 1 X X X X 
REN remote enable U UC X X X X X X X X XXX X X X X 1 
RFD ready for data U HS.X X X X X X X X XOX X X X X X 
ROS request service (Note 9) U ST X 1 X X X X X X XXX 0 X X X X 
SCG secondary command group M SE Y 1 1 X X X X X XXX 1 X X X X 
SOC selected device clear M AC Y 0 0 001 0 0 XXX 1 X X X X 
SPD serial poll disable M UC Y 0 0 1 100 1 XXX 1 X X X X 
SPE serial poll enable M UC Y 001100 0 XXX 1 X X X X 
SRO service request U ST X X X X X X X X XXX X X 1 X X 
STS status byte (Notes 8, 9) M ST S X S S S S S S XXX 0 X X X X 

8 6 5 4 3 2 1 
TCT take control M AC Y 0 0 o 1 o 0 1 XXX 1 X X X X 
TAG talk address group M AD Y 1 0 X X X X X XXX 1 X X X X 
UCG universal command group M UC Y 0 0 1 X X X X XXX 1 X X X X 
UNL unlisten M AD Y 0 1 - 1 1 1 1 1 XXX 1 X X X X 
UNT untalk (Note 11) M AD Y 1 o 1 1 1 1 1 XXX 1 X X X X 

.. . . 
The 1/0 coding on ATN when sent concurrent with multiline messages has been added to thiS revIsion for Interpretive convenience . 

NOTES: 
1. 01-0B specify the device dependent data bits. 
2. El-EB specify the device dependent code used to indi­
cate the E08 message. 
3. L l-L5 specify the device dependent bits of the device's 
listen address. 
4. Tl-T5 specify the device dependent bits of the device's 
talk address. 
5. 81-85 specify the device dependent bits of the device's 
secondary address. 
6. 8 specifies the sense of the PPR. 

S Response 

o 0 
1 1 

Pl-P3 specify the PPR message to be sent when a paral­
lel poll is executed. 
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P3 P2 P1 PPR Message 

o o o PPR1 

1 1 1 PPR8 
7. 01-04 specify don't-care bits that shall not be decoded 
by the receiving device. It is recommended that all zeroes 
be sent. 
B. 81 -86, SB specify the device dependent status. (0107 
is used for the RaS message.) 
9. The source of the message on the ATN line is always 
the C function, whereas the messages on the 010 and EOI 
lines are enabled by the T function. 
10. The source of the messages on the ATN and EOllines 
is always the C function, whereas the source of the mes­
sages on the 010 lines is always the PP function. 
11. This code is provided for system use, see 6.3. 





Modem Products 4 





APPLICATION 
BRIEF 

AB-24 

May 1989 

89024 Modem Customization 
for V.23 Data Transmission 

BRIAN D. WALSH 
APPLICATIONS ENGINEER 

INTEL CORPORATION 

4-1 
Order Number: 292058-001 



AB-24 

INTRODUCTION 

This application brief will illustrate the steps involved 
in customizing a modem application using the 89024 
modem chip set. Specifically, it will show how one may 
add V.23 capability to an 89024 modem design as em­
bodied in the MEK II (Intel Modem Evaluation Kit) 
running software version 3.2. 

GENERAL DESCRIPTION 

This design consists of using the 89026 processor to 
control a separate V.23 Data Pump IC (Texas Instru­
ments TCM3105) to support V.23 modulation in addi­
tion to the currently supported V.22bis/V.22/V.21/ 
BeIl2121BeIl103. 

The modem is placed in V.23 mode using the 
"AT &A 1" command and is returned to normal opera­
tion with the "AT&AO" command. The originating 
modem dials normally using "AT" commands and then 
2 seconds after completion of dialing, the modem sends 
75 bps V.23 carrier. The answering modem, upon de­
tecting a ring signal, goes off hook and sends 1200 bps 
V.23 carrier. The originate modem sends data at 75 bps 
and receives data at 1200 bps, whilj! the answer modem 
sends at 1200 bps and receives at 75 bps. Both respond 
to "escape" at 1200 bps and command mode is always 
at 1200/1200 bps. The V.23 transmit level is fixed. 
Backward channel CCITT circuits -are not supported, 
data is always transmitted from pin 2 and received at 
pin 3. 

This application brief d~es not address the issues of 
V.2S calling tones or V.2S calling station identification. 

HARDWARE DESCRIPTION 

The MEK II is modified by adding a Texas Instru­
'ments TCM310S FSK Modem IC. This Modem chip 
does not have an on-chip 4-wire to 2-wire hybrid cir­
cuit, so we use a dual op-amp MCI4S8 for this purpose. 
In order to control the TCM310S we use 3 additional 
outputs of the 74LS373 latch that is already used to 
latch the /JS and AA signals from the microcontroller 
address/data bus. A 74LSI57 2- to I-line data selector 
is used to select the source of received data and the 
source of "energy detect" signal to the microcontroller. 

V.23 Modem IC 

The TCM3105 (Ul02) is a CMOS V.23 modem in a 
16-pin package that consumes only 40 mW. It requires 
an external 4.4336 MHz crystal connected between pins 
15 and 16 to derive timing. A resistor divider sets the 
carrier detect threshold by adjusting the voltage at pin 
10. Bias distortion may be minimized by adjusting the 
voltage at pin 7. Pins 5, 13 and 12 together set the 
various modes of operation. These pins are connected 
to pins 6, 9 and 12 respectively of 74LS373 (U18) and 
are controlled through bits 2, 3 and 4 and executing a 
"STore" instruction to any even address of external 
memory (since this is the only external memory to be 
used). The modes of interest to us are: 

fF,TCt.l310S pl~ 12-TXR2 
CTCt.l310S pin 13-TXRl 
~tTCt.l310S pinS -TRS 

76S43210 
xxx 111 xx - Transmit Disabled 
xxxOO lxx - TX 1200 bps. RX 75 bps (V.23 Answer mode) 
xxxOl0xx -TX 75bps.RX 1200 bps (V.23 Originate mode) 

292058-1· 

74LS157 Data Selector 

This IC is always enabled and the select signal is con­
nected to the 6th output (bit 5) of the 74LS373 latch 
(U18). "SToring" a "0" to bit 5 of the latch selects 
"normal" mode of operation, while "SToring" a "I" to 
bit 5 selects V.23 mode. During "normal" mode. Re­
ceive Data (RXD) is routed from the 89026 microcon­
troller to the DTE and Energy Detect (ED) is routed 
from the 89027 AFE to the microcontroller. During 
V.23 mode RXD goes from the TCM3105 to the DTE 
and ED goes from the TCM3105 to the microcontrol­
ler. Transmit Data (TXD) is always connected from the 
DTE to both the 89026 and the TCM3105. 

MC1458 Dual Op-Amp 

This IC is configured as an active hybrid circuit, con­
verting the 4-wire transmit and receive signals to 2-wire 
to drive the line transformer. The transmitted signal is 
also summed, but since only one of the transmitters will 
be active at a time, this will not be a problem. The 
89027 has pin 10 tied low so as to disable the AFE's on­
chip hybrid. 

A schematic diagram of these changes is shown in Fig­
ure I.' . 
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Figure 1. Schematic Diagram 
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SOFTWARE DESCRIPTION 

We choose the "&A" command as one that is not currently used by major "AT" compatible modem vendors. We 
will use S23 bit 3 as the bit to indicate that V.23 mode has been selected, since this bit is unused in "AT" modems. 
"&AI" will cause S23 bit 3 to be set to a "I" and &AO or just "&A" will cause it to be cleared. The modem software 
will examine this bit to determine whether V.23 mode has been selected. 

Note that source code will always be written in capital letters and that the assembler ignores the rest of a line after a 
semi-colon (;). When giving modified source code I will usually "comment out" the original code by adding a semi­
colon to the beginning of the line. This is an excellent practice to facilitate the documentation of changes. 

By convention we name the source files: nmxxx.SRC (where n.m is the software version and xxx is the generic file 
name). Since we are using software version 3.2 the files that we will be changing are: 

32AAD.SRC register assignment definitions ($INCLUDEd with all source files) 

32CMD.SRC Command Decoder 
32CPM.SRC Call Progress Monitor routines 
32HND.SRC Handshake routines 
32DATA.SRC Data Mode routines 

Decoding AT&Al Command and Setting the S23 Bit 
All of these changes will be done to the 32CMD.SRC file. 

Since many commands simply modify S-register bits, we can take advantage of the "COMMON~EOI5TE~ 
OPERATIONS:" code by adding our command to the necessary tables and allowing it to be decoded as a register­
modifying command. 

Add as the last entry in TABLE_I: 

I DCB (3· 32) + (523-50) 

This will tell the common routine that this command affects bit 3 of 523. The table is set up so that it only occupies 
one byte per entry, with the bit number in the upper 3 bits and the register number in the lower 5 bits. 

Add the command to the command list and the command vector table: 

AND_CMD5: DCB ·CJLPR5DG' 
DCB "MXFWZT', 
DeB "MXAFWZT', 

o 
o 

was like this 
added &A command betw X and F 

DCB AND_G_CMD-Gl, AND_M_CMD-Gl, AND_X_CMD-Gl, AND_F_CMD-G2 
DCB AND_G_CMD-Gl, AND_M_CMD-Gl, AND_X_CMD-Gl, AND_A_CMD-Gl 
DCB AND_F_CMD-G2 

The command vector table is the address offset of the command label from that of the first command (01 EQU ~ 
CMD). In the interests of saving space this offset table is only I byte per entry and so it has to be split into 2 groups 
as the range of addresses of command labels is more than 255 bytes. When modifying command code it is worth 
checking the list file to make sure that the CMDJU_TBL: entries do not get bigger than OFFH and wrap around 
through 0, causing those commands to branch to the wrong address. 
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Fix the branch vector calculator and the dial command offset calculator because the I st group of commands are now 
33 instead of 32: 

GENERATE_BRANCH_VECTOR: 
ADD TEMP_CMD_3, #G1 
CMPB TEMP_CMD_2, #32 
CMPB TEMP_CMD_2, #33 

D_R_CMD: 
SUBB 
SUBB 

CPM_CONTROL, TEMP_CMD_2, #36 
CPM_CONTROL, TEMP_CMD_2, #37 

ADD OFFSET TO 1ST CMD GROUP 
FIRST 32 CMDS FIT IN 
FIRST 33 CMDSFIT IN 

Add the command label with the rest of the register modifying commands: 

LCMD: 
AND_A_CMD: added &A command for V.23 operation 
AND_C_CMD: 

Updating the Output Pins to Control the TCM3105 and Data Selector 
The 10_CONTROL: section of code in file 32CMD.SRC runs all the time and could be considered the "back­
ground routine". This is where the RS232 leads are updated, the health of the other routines is checked and the 
74LS373 latch (UIS) is written and is thus an appropriate place for the TCM3105 chip and the Data Selector (Data 
Mux) to be updated. 

4-5 
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Add the following code after END_IS_UPDATE: 

V_23_UPDATE: 
ANDB TEMP_CMD_l, #llOlllllB 
ORB TEMP_CMD_l, #OOOlllOOB 
JBC S23, 3, END_V_23_UPDATE 

JBC CNTRL_C, 1, END_V_23_UPDATE 
ANDB TEMP_CMD_l, #lllOOlllB 
ORB TEMP_CMD_l, #OOOOOIOOB 

JBC S14, 7, NOT_ORIG_MODE 
ANDB TEMP_CMD_l, #lllOlOllB 
ORB TEMP_CMD_l, #OOOOlOOOB 

NOT_ORIG_MODE: 
JBC CNTRL_C, 0, END_V_23_UPDATE 
JBS CNTRL_C, 2, END_V_23_UPDATE 
ORB TEMP_CMD_l, #OOlOOOOOB 

AB-24 

MUX TO NON-V.23 POSN 
SET V.23 CHIP OFF 
JMP IF NOT IN V.23 MODE 

JMP IF NOT IN HND OR DATA MODE 
SET V.23 CHIP TO ANS MODE 

JMP IF S REG SET TO ANS MODE 
SET V.23 CHIP TO ORIG MODE 

JMP IF NOT IN DATA MODE 
JMP IF CMD FUNCTS ENABLED 
DATA MODE, SO MUX TO V.23 POSN 

The next instruction in the source code STores the contents of TEMP _CMD_I to PORT3, and so updates the 
Data Mux. 

In order to ensure that the Data Mux gets set before the "OK" message is sent when entering the on-line escape state 
(response to "+ + + "), add a line of code after the three "ORB" instructions: 

VALID_ESCAPE_SEQUENCE: 
ORB CNTRL_F, #OOOlOOOOB ENABLE ESCAPE STATE 
ORB CNTRL_C, #OOOOOIOOB ENABLE CMD FUNCTIONS 
ORB MSG_RQST, #OOlOOOOOB SEND "OK" MESSAGE WITH MSG RQST 
JBS S23, 3, ESCAPE_DETECT_END TRICK TO FORCE 1 MORE PASS THRU 

; IO_CONTROL FOR MUX SETUP BEFORE GOING TO COMMAND DECODER 
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After a dial command is executed by the Command routine, it will activate the Call Progress routines. 

The V.23 Call Progress Monitor Routines 
The 32CPM.SRC routines check for call progress signals on the phone line and also for answer tone from the remote 
answering modem. Since a V.23 modem will answer with a 1300 Hz tone (1200 bps mark frequency), the AFE 
receive filter must be set to V.22 answer mode so as to pass this frequency to the energy detect circuitry. 

Add three lines of code at the label SET~NSWE~CONT: 

SET_ANSWER_CONT: 
ANDB CPM_FLAG, #lllOllllB ; FLAG ANSWER PROCESSING FOR HOUSEKEEPING 

JBC S23, 3, SET_ANSWER_CONT_1 
LDB AFE_BYTE3, #OlOOOOOOB 

SET_ANSWER_CONT_1: 

SJMP SIGNAL_MONITOR_INIT 

IF V23 MODE THEN 
SET FILTER TO QAM ANS FOR 
1300Hz CARRIER DETECTION 

The CPM routines will hand over control to the Handshake routines which we need to modify for V.23 handshake. 

The V.23 Handshake Routines 
The Handshake mode 32HND.SRC is entered for the first time after successful completion of the Call Progress 
routines. The first time that HANDSHAKE_MODE: is called, it goes through the Initialization code before the 
main routine is executed, thereafter the Initialization is skipped. The Main routine is entered at a rate of 600 times 
per second or more and consists of checking for Energy Detect and then branching to the routine address saved in 
T~TN_ADDR. The logical flow of the handshaking is controlled by changing the contents of T~RTN_ 
ADDR to the address of the routine to be executed the next time Handshake is called. 

292058-3 

Figure 2 
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The Initialization required for V.23 consists of starting the S7 wait-for-carrier timer, starting a 2 second timer and 
loading a return address for the next time the routine executes. The following lines of source code are added 
(identified by "V23" at the start of the comment field) to the Handshake Initialization: 

HANDSHAKE_INIT : 
ANDB MODE_STATUS, #lOllllllB 

JBC S23, 3, NOT_V23_INIT 
V23_HND_INIT: 

ADDB S7_TIMER, TIME_BASE_SECOND, S7 
ADDB TX_TIMER, TIME_BASE_lOOMS, #20D 
LD TX_RTN_ADDR, #V23_HND_WAIT 
SJMP HND_INIT_END 

CLEAR INIT FLAG 
V23 
V23 
V23 
V23 INIT S7 DCD TIMER 
V23 INIT 2 SEC TIMER 
V23 
V23 
V23 
V23 

After the initialization code is executed once, the software will keep branching to V23_HND_ WAIT: until the 
2-second timer has expired, then it will initiate a "CONNECT" message. While the Connect message is being sent, 
the software will branch to V23_HND_MESSAGE:, then it will set up the Data mode and thereafter the Data 
Mode will be called instead of the Handshake mode. 

V23_HND_WAIT: 
CMPB TIME_BASE_lOOMS, TX_TIMER 
JNE V23_HND_END 

V23_HND_MESSAGE_INIT: 
LDB MESSAGE_REQUEST, #OOlOOOOlB 
LD TX_RTN_ADDR, #V23_HND_MESSAGE 
SJMP V23_HND_END 

V23_HND_MESSAGE: 
JBS MESSAGE_REQUEST, 5, V23_HND_END 

V23_HND_MESSAGE_END: 

ANDB COPY_PORT4, #lOllllllB 
V23_SET_UP_DATA_MODE: 

V23 
V23 TIMER EXPIRED YET? 

, V23 
V23 
V23 START CONNECT MESSAGE 
V23 
V23 
V23 
V23 
V23 MESSAGE SENT YET? 
V23 
V23 
V23 DCD HIGH AFTER CONNECT 
V23 

This is where we need to set 
ORB CNTRL_C, #OOOOOOllB 
ANDB AFE_BYTE4, #OOllllllB 

up for going to data mode 

CLRB DM_FLAGS 
ORB MODE_STATUS, #lOOOOOOOB 

V23_HND_END: 
LJMP HANDSHAKE_MODE_END 
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V.23 Data Mode 
The modifications required in the Data Mode consist of checking for V23 mode and skipping past: 

Initialization 
Send space disconnect (twice) 
Receive space disconnect 
Loss of carrier disconnect 
Retrain request 
Test mode 

DATA_MODE_INIT : 
; DM FLAGS ALREADY CLEARED IN HANDSHAKE MODE 

ANDB MODE_STATUS,#7FH CLEAR INITIALIZE FLAG 
JBS S23, 3, DATA_MODE_INIT_END ; IF V23 THEN INIT DONE 

DISCONNECT_INIT: 
ANDB DM_FLAGS, #llllllOlB 
JBS S23, 3, HANG_UP 

SEND_SPACE: 
JBC S21, 7, HANG_UP 
JBS S23, 3, HANG_UP 

CHECK_DISCONNECT: 
CHECK_BREAK: 

JBS S23, 3, SET_BREAK_TIME 

CHECK_CARRIER_LOSS: 

CLEAR DISCONNECT INIT FLAG 
V23 FORGET SPACE DISCONNECT 

IF BREAK_DISCONNECT DISABLED 
V23 FORGET BREAK 

CHECK FOR LONG SPACE DISC 

V23 FORGET BREAK 

JBS PORTO, 7, CHECK_CARRIER_LOSS_END ; SKIP IF ED IS HIGH 
ORB DM_FLAGS, #OlOOOOOOB ; SET CDLOSS FLAG 
ADDB EDOFF_TIME,TIME_BASE_IOOMS,SlO ; CDOFF THRESHOLD IN REGISTER 
INCB EDOFF_TIME PUT AN OFFSET IN TIME FOR PROPER 

OPERATION DURING TM EXIT 
JBS S23, 3, CARRIER_LOSS_END ; ALL DONE IF V23 MODE 

QAM_RETRAIN: 
JBS S23, 3, SJMP_CHECK_TEST_MODE SKIP RETRAIN IF V23 MODE 

CHECK_S16_STATUS: 
EXAMINE S16 REGISTER FOR ANY TEST MODES AND SET FLAG 
JBS S23, 3, CHECK_S16_STATUS_END ; SKIP RETRAIN IF V23 MODE 
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Assembling the Source Files 
The source files can be assembled by issuing the following commands at the DOS prompt: 

ASM96 32CMD.SRC 
ASM96 32CPM.SRC 
ASM96 32HND.SRC 
ASM96 32DATA.SRC 

Linking the Object Files 
Link the object files by issuing the following command at the DOS prompt: 

RL96 32HND.OBJ, 32INIT.OBJ, 32CMD.OBJ, 32CPM.OBJ, 32DATA.OBJ, 
32S0FT.OBJ, 32HSI.OBJ, 32HSO.OBJ, 32RX.OBJ TO 32ATR 

Programming the EPROMs 
After the code has been linked and located, the code must be split into low and high byte segments for programming 
into EPROMS. The following IPPS session illustrates that process (IPPS prompts are not shown): ' 

IPPS 
I 80 
FORMAT 32ATR 
3 
2 
1 
o to 32ATR.LO 
1 to 32ATR.HI 
<enter> 

TYPE 
27128 

COPY 32ATR.LO TO PROM 

COPY 32ATR.HI TO PROM 
EX 

invoke IPPS 
initialize file format 
filename resulting from linking 
logical unit is byte 
input file is in wordS (2 bytes) 
output file is in bytes 
low order bytes to one file 
high order bytes to another 
press ftenterft to exit formatting 

the following assumes that an 
INTEL PiUP 20lA programmer is 
connected to the PC 

display available EPROM types, 
specify EPROM type 
insert blank EPROM into programmer 
copy low byte file to' prom 
insert blank EPROM into programmer 
copy low byte file to prom 
exit IPPS 

Custom routines can now be tested by placing EPROMS into target hardware. 

REFERENCES 
1. "FSK Modems: TCM310S Designers Information" from Telecommunications Circuits Data Book, 1986. By 

Texas Instruments. ' 

2. MEKII 89024 Enhanced Modem Evaluation Kit Users Manual, 1987. By Intel Corp. 

3. 89024 Modem Reference Manual, 1987. By Intel Corp. 

4. Developing MCS-96 Applications Using the SBE-96. Application Note AP-273 (Order Number 280249-001). By 
Intel Corp. 
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INTRODUCTION 

Presently, the majority of the transmission from the 
telephone to the Central Switching system is analog. 
For this purpose the circuitry interfacing to the twisted 
pair line is optimized to operate between 300 and 3400 
Hz. The essential line interface functions consist of iso­
lation, over voltage protection, signaling, power feeding 
and a ringing signal insertion. With the advent of ISDN 
(Integrated Services Digital Network) these functions 
have to be reassessed. 

ISDN is implement~d with digital transmission from 
the subscriber to the switch, which in turn offers the 
user various data services in addition to the voice serv­
ice. CCITT has various recommendations' for the im­
plementation of the ISDN network. Of these, 1.430 de­
tails the basic rate access i.e. the physical communica­
tions between a terminal and the first level of switching. 
For 1.430, Intel offers a transceiver which is capable of 
operating at either end of the loop, namely the 29C53. 

The 29C53 is a four wire (two for transmit and two for 
receive) transceiver operating over the "S" loop. The 
data transmitted by the 29C53 at the switch and the 
terminal is at a rate of 192 kb/s; the effective data 
throughput is 144 kb/s. This data consists of two bearer 
channels of 64 kb/s each (Bl + B2) and a 16 kb/s D 
channel. The 29C53, additionally, incorporates some 
protocol processing for the D channel. This transceiver 
has four interfaces, namely the microprocessor port, a 
general purpose I/O port, the SLD port and the "S" 
loop interface. It is the loop interface requirements that 
are addressed by this application note. 

This note will analyze the line interface requirement at 
both the line card and the te~inal, and will offer gen­
eral implementations. These implementations will ad­
dress power feeding, the protection circuitry, the line 
transformers and power extraction. Throughout this 
brief, the approach has been to present various alter­
nate concepts which may assist the designer in address-
ing a specific application. ' 

LINE INTERFACE 

Both at the line card and the terminal, there is a need to 
provide isolation for the circuitry from the line itself. 
As well as isolation, it is also necessary to protect the 
equipment from any overvoltage conditions on the line. 
Additionally the system may be designed to provide 
phantom power feeding i.e. the switching system deliv­
ers power to the terminal over the "S" loop. Unlike its 
analog counter part the digital line card does not need 
to send a ringing signal owing to the fact that all signal­
ing is accommodated via the D channel. 
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-TERMINAL SWITCH 
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Figure 1. Voltage Feeding 

POWER FEEDING 

Figure 1 shows the CCITT recommended technique of 
phantom power feeding as described in section 9 of 
1.430. The current splits evenly between the two sec­
ondary windings. This in turn produces equal and op­
posite fluxes in the transformer, that cancel each other 
out, thus preventing the core from saturating. The 
equality of the fluxes in the secondary will depend on 
the longitudinal balance of the transformer and the 
transmission line. ' 

The scheme shown on Figure 1 may be wasteful of 
power when feeding short lines. One way around this 
would be to have a constant current feed, which will 
make the power consumption'independent of the length 
of li~e. Figure 2 shows such an implementation. 

-TERMINAL SWITCH 
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Figure 2. Current Feeding 
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One way of reducing the power dissipation over the 
loop is to provide a variable voltage source, instead of 
the traditional fixed voltage. This can be accomplished 
by using a DC to DC converter, or a switching regula­
tor. The feedback circuit of the switching regulator can 
be used to ensure that the regulator provides just 
enough voltage to maintain a pre-defined feed current 
down any length of line. The DC to DC converter can 
have a built in threshold detector, which would be used 
to release the line in case excessive currents are being 
drawn. 

In the event of mains power loss, it is often required to 
maintain a minimal voice service powered off the line. 
Figure 3 shows the block diagram of a digital tele­
phone, illustrating the necessary components required 
to maintain a voice service. 

29C48 

'--~:---r-

I[ 
I[ 

SOCS1 
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Figure 3. Digital Telephone 

The 80CSI is a low power microcontroller while the 
29C48 is an SLD compatible combo (codec and filter). 
The gains through the 29C48 can be set externally or 
programmed by the microcontroller via the SLD inter­
face. The 29C48 is designed to allow insertion of side­
tone and DTMF (dual tone multi-frequency); both 
these features are presently used to provide feedback to 
the user. 

PROTECTION 

Next, let us examine the question of protection. A tele­
communication system comprises subscribers linked to-

5-3 

gether through the cable plant and a switching net­
work. The cable plant consists of multiple pairs of 
transmission lines, either suspended on poles, or buried 
in the earth. In either case, transient energy can be cou­
pled from lightning (or other electromagnetic events) 
and conducted to the switch or the terminal. The other 
major source of transient energy is the commercial AC 
power system, where high currents that accompany 
faults can induce overvoltage in the lines, or the power 
lines can fall and make contact with the telephone lines. 
The latter is sometimes referred to as a mains or power 
cross. 

It is gen~rally agreed, as shown in Figure 4, that two or 
more levels of protection are required. The primary 
protector is usually placed on the line at a distance 
greater than 2Sm from the line card. The impedance of 
the line will ensure that the primary protector will op­
erate first and the secondary protector will not be ex­
posed to the full surge. If the primary protector is to be 
placed closer to the secondary, then a small resistor can 
be inserted in series with the line between the primary 
and the secondary protector (1). A SO 3W resistor or a 
positive temperature coefficient resistor may be used. 
During a surge, the voltage drop across the resistor will 
increase allowing the voltage across the primary protec­
tor to build up thus driving it to conduction. 

The primary protection can be a gas discharge tube, 
such as the General Instrument three terminal 
PMT3-(310). These devices consist of spaced metallic 
gaps enclosed in a combination of gases at low pressure. 
In the event of a surge, the gap breaks down, diverting 
the transient and thus rerouting the energy. These de- . 
vices can be operated a number of times and present a 
capacitance of less than S pF. Since the templates in 
Figures 10 and II of 1.430 specify a low output capaci­
tance for the terminal and the network terminator, the 
low output capacitance feature of the gas discharge 
tube makes it ideal for ISDN i.e. it will have a minimal 
effect on the line drivers. 

The secondary protection can be provided by Schottky 
diodes chosen for the low voltage drop and capacitance 
across them. The diodes are placed between the power 
supplies and the loop interface pins on the 29CS3, thus 
forming a diode bridge across the line. This will ensure 
that the voltage on these pins does not exceed the pow­
er supplies by more than approximately 300 mY, thus 
fulfilling the specification that the voltage on any pin 
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Figure 4. Protection 

may not exceed the power supply by more than 500 
mY. The 5V and ground connections to the diodes 
should be as close as possible to the 29C53 power sup­
ply pins, which in tum should be decoupled by a 0.1 'I-"F 
capacitor. The capacitor serves a secondary function of 
bypassirig surge currents. The particular diodes chosen 
are dependent on the expected surge current, however, 
BAT85 from Philips used in this application can with­
stand 200 mA forward current while presenting a maxi­
mum of 10 pF capacitance across it., The maximum 
current through the diodes can be limited by placing a 
resistor in series with the diodes and the transformer. 
The value of this resistance can be extracted from 'the 
transformer design discussion. To further limit the cur­
rent to the 29C53, the series resistance can be split, 
with part of it on the 29C53 side ofthe diodes, and part 
of it on the transformer side of the diodes. For the 
receive direction it is possible to replace the diode 
bridge by placing a resistance in series with the 29C53 
receive pins. This series resistance will limit the surge 
current that the 29C53 is exposed to. The value of this 
resistance is limited by the input impedance presented 
by the 29C53 and the loss that can be tolerated in the 
received signal. The receive differential input imped-
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ance of the 29C53 is 100 KO, hence a 10 KO resistor in 
each arm will reduce the received signal by, 17%. 

In case of a mains cross, the loop can be made to self 
recover by using thermal deviceS such as the positive 
temperature coefficient thermister (PTC). Keystone 
Carbon Company has a range of PTCs specific to tele­
phone line applications that they refer to as resettable 
fuses. Economic considerations may make this unjusti­
fiable in which case a fusible resistor or link may be 
used. 

Further protection may be deemed necessary, in which 
case two varistors can be placed across the line close to 
the transformer. The varistor has a volt-current rela­
tionship similar to a diode i.e. after a specified voltage 
across the varistor is reached, the current through it 
will rise dnimatically; thus clamping the voltage to the 
specified level. A typical varistor that may be used as a 
back-up protection is the GE V220MA4B. This device 
typically presents a 21 pF ~pacitance. 

The ideas discussed thus far are encompassed in Figure 
5 for a minimal component count protection scheme. 
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Figure 5. Protection with Minimal Components 

LINE TRANSFORMER 

A transformer is used at both the terminal and the line 
card to provide isolation from the line. A well balanced 
1.430 transformer resolves the issue of DC currents 
since they induce self-cancelling fluxes. Generally 
speaking, a pulse transformer with minimum leakage 
inductance and self capacitance is required. The imped­
ance templates in 1.430 specify the minimum value of 
the inductance required at the line side. This value can 
be calculated to be 20 mHo A further requirement is to 
minimize the winding resistance, so that a minimal 
voltage is dropped across it. A 2.5: I ratio transformer 
can be used with the 29C53 to produce the proper pulse 
amplitude. The transformer design discussed below can 
be used with the 29C53 at either the line card or the 
terminal. Alternatively it can be used for example pur­
poses to aid designs. 

The RM series of ferrite cores are chosen to facilitate 
easy winding and PCB mounting, additionally the RM 
series is available internationally from various vendors­
Ferroxcube in the U.S. and Mullard in Europe, to name 
two. The RM6 core was selected to be the smallest size 
that accommodates wiring which does not exceed the 
maximum allowable DC resistance. The core material 
has to have a high enough permeability to allow the 20 
mH inductance with a minimum ~umber of turns 
hence, the Ferroxcube core material 3E2A was select­
ed. This material has a very high inductance factor, AL. 
This is given by the manufacturer as the inductance (in 
mH) per 1000 turns. 
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For the core RM6PLOO-3E2A 

AL = 6710 ± 25% 

Therefore minimum 

AL = 5032 '" 5000 

The number of turns, Ns, required for 20 mH is given 
by: 

Ns = 103 ~LI AL L - required inductance in mH 

Ns = 70 turns - assume 25 mH is required 

The 29C53 side winding will require 2.5 times this 
number of turns. 

Np = 175 turns 

The transformer is now ready to be wound, the 32 
gauge wire will just fill the RM6PCBI bobbin. The 
bobbin is started by bifilar winding the 175 turns. Bifi­
lar winding is accomplished by taking two separate 
pieces of wire and winding them simultaneously. The 
finish of one winding is then soldered to the start of the 
other and often, as is the case in this implementation, 
the point of connection of the two wires (center tap) is 
brought out to a pin of the transformer. The remaining 
ends (start and finish) now comprise the winding. The 
transformer is now followed by I'!. layers of insulating 
tape. The insulating tape used was the Permacel P-256 
which forms a dielectric capable of withstanding 5 KV, 
this serves to protect the line card and the subscribers 
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from lightning induced surges. The 70 turns are then 
bifilar wound; this results in a well balanced transform­
er. The start of one winding should be connected to the 
finish of the other and brought out to a pin, thus creat­
ing a center tap on the line winding. The transformer is 
then finished with 1 'I. layer of insulating tape. The 
transformer thus designed gave satisfactory results in 
the lab and is characterized by the followIng: ' 

Secondary inductance 

Secondary leakage inductance 

Secondary winding resistance 

Primary winding resistance 

Ls=26mH 

Is = 20,...H 

Rs = 1.50 

Rp = 2.70 

The capacitance between the two bifilar windings was 
measured to be 100 pF and this may be too high for 
certain applications. For this case the bifilar winding 
can be replaced by the cross winding technique shown 
in Figure 6a. The two windings are now wound in op­
posite directions, one wire is on top on the top side 
while the other is on top on the bottom side,. This tech­
nique reduced the above mentioned capacitance to less 
than 50 pF. 

270209-7 

Figure 6a. Crosswinding 

The 29C53 has been designed to drive voltages as speci­
fied in the 1.430, since the transformer presents a series 
resistance, some of this voltage will be dropped across 
it. For the transformer designed above, the overall se­
ries resistance is (2.7 + 1.5.6.25) = 120 which will 
result in a 3.8% error over the allowed peak transmit 
signal in 1.430. This is acceptable as 1.430 allows a 10% 
error for the peak voltage. If series resistors are re­
quired to protect the Schottky diodes, their value may 
be calculated by having the maximum 'allowed peak 
voltage error. Note that equal value resistors should be 
placed on both arms of the line. If larger values of pro­
tection resistors are required, the above procedure may 
be repeated with a larger core. This will allow the same 
inductance to be achieved with a fewer turns and the 
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larger core will make it possible to use a thicker wire. 
Both of these factors will contribute to reduce the wind­
ing resistance, ~ence a larger value diode protection re­
sistor may be used. Alternatively, the transformer turns 
ratio can be decreased so that the output voltage is in­
creased and hence more of it can be dropped across the 
series resistance.' This in turn means that the value of 
this protection resistor can be increased. However, note 
that the 29C53 is only capable of driving loads greater 
than 2000. If. a turns ratio of 1.8: 1 is used then the 
overall series resistance can be 640. This also increases 
the output impedance to 200 while transmitting a 
pulse. As discusSed earlier this resistor can be larger on 
the 29C53 receive pins. 

Some establishments may require further line isolation 
from the transformer in which case a Faraday shield 
can be placed in between the primary and the second­
ary windings. The Faraday shield can be made by 
wrapping 1'/4 layers of a copper tape (such as the per­
macel P-389) between the two windings. The copper 
tape should be insulated from the windings and should 
be brought out to the local ground. As well as isolating, 
the Faraday shield also serves to reduce the interwind­
ing capacitance. 

The transformer designed was connected up as shown 
in Figure 6b to measure its longitudinal balance. 

2500HM 50 OHM :t 0.02% 

50 OHM :t 0.02% 
270209-6 

Figure 6b. Longitudinal Balance 
Let v = vi/2.5 , ' 
Then longitudinal balance is given by: 20 Log VIVo 

Measurements conducted showed this figure to be bet­
ter than 70 dB for the frequency range;. of 10 KHz to 1 
MHz. 

The center tap on the primary (29C53 side) is coupled 
to ground via a 10 nF capacitor. In this manner longi­
tudinal signals on the primary are bypassed to ground. 
Measurements produced greater than 70 dB of longitu­
dinal signal rejection. 
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When designing the System board, special care should 
be paid to the layout. The transformer and the 29C53 
should both be placed on a ground plane. The connect­
ing tracks from the 29C53 to the transformer should be 
as short as possible. The two devices should be placed 
close to the edge where the transmission lines interface, 
while the high frequency logic should be placed on the 
opposite edge. The analog ground wiring should follow 
a star configuration and should have a separate isolated 
lead originating from the system ground where it enters 
the board. 

Though the analysis of pulse transformers is beyond the 
scope of this brief (2), one should be aware of the perti­
nent parameters affecting the good reproduction of the 
pulse. The pulse transformer is generally analyzed by 
different equivalent circuits, depicting the varying phas­
es of the pulse. 

Figure 7 shows these circuits. The pulse shape is then 
, optimized by considering the transient response of the 

equivalent circuits. 

The pulse response of the transformer is characterized 
by a finite rise time, a decaying top period and finite fall 
time as depicted in Figure 7d. The fastest rise time that 

0) RISE PERIOD 

~ 
--1J 
b)TOP AND 'DECAY PERIOD 

c) FALL PERIOD 

can be obtained without overshoot is for the critically 
damped case and is given by: 

Ir = 3.35 .Ja[C where a = RL / (Rg + RU 

For the top period, there will be some decay leading to 
a fractional droop, this is given by: 

D'" T~ 
R 

where T =. pulse width 

R = RL and Rg in parallel 

The fall period is characterized by the second order 
circuit of Figure 7c; the primary concern here to pre­
vent severe undershoot or backswing when the 29C53 
transmitter is in the high impedance mode. This can 
best be achieved by having an overdamped system, 
which is the case when: 

Lp> 4CRL2 

Commercially available pulse transformers exist which 
are compatible with the 29C53. Some examples are giv­
en in Table 1. Most manufacturers will modify their 
design to meet the requirements of a particular applica­
tion. 

d) PULSE RESPONSE 

RL - Load impedance 
c - Shunt capacitance 
L - Leakage inductance 
Lp - Primary inductance 

270209-8 

Figure 7. (a) Equivalent Circuits for Rise Period 
(b) Top and Decay Period (c) Fall Period (d) The Pulse Response 

5-7 
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TABLE 1. Manufacturers of Pulse Transformers 

Manufacturer Location 

AlE Magnetics St. Petersburg, FL 
(813) 347-2181 

Schott Corporation Nashville, TN 
(615) 889-8800 

CTM Magnetics Tempe,AZ 
(602) 967-9447 

Pulse Engineering San Diego, CA 
(619) 268-2400 

POWER EXTRACTION 

The same transformer can be used at both the line card 
and the terminal, and the same ,protection scheme can 
be used at both ends of the loop. The need now arises to 
provide power to the terminal. There are a number of 
ways of providing power to the terminal, for instance a 
secondary cell can be used as battery back-up in con­
junction with a main supply. There is also some scope 
for trickle charging secondary cells from the line or 
from a small solar cell array, but the drawback with 
secondary cells tends to be their short life span. This 
disadvantage can be offset by using special purpose pri­
mary cells as a back-up supply, these do not need any 
charging circuitry and can be expected to have life ex­
pectancy twice that of the secondary cells. Finally, the 
power can be fed from the switch, in which case a regu­
lator is required at the terminal to extract the power off 
the line. Figure 8 illustrates this approach. 

TERMINAL SWITCH 

270209-9 

Figure 8. Power, Extraction 
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Winding Ratio Part No. 

1.8:1 325-0228 
2.5:1 325-0172 

·1.8:1 11207 
2.5:1 11124 

1.8:1 22087 
2.5:1 25585 

1.8:1 64994 
2.5:1 64996 

A DC to DC converter is ,required to convert the line 
voltage to 5V for the local circuitry. In order to obtain 
the lowest losses in the conversion process, it is neces­
sary to use a high efficiency regulator, specifically, a 
switched mode .regulator. Basically, th~re are three 
types of switched mode power supplies, the forward, 
the push pull and the flyback converter (3). This sec­
tion is devoted to the flyback implementation of a DC 
to DC converter. The flyback is the most suitable con­
verter lor this application, as it provides the highest 
achievable efficiency and the simplest drive circuitry. 
Figure 9 shows a block diagram of a flyback converter. 

OUT 

LINE 

>:* 
270209-10 

Figure 9. Flyback Converter 
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In the flyback inductor, energy is inductively stored 
during the switch on period, and then passed to the 
load during the switch off, or the flyback period. Dur­
ing the switch on period, the output diode does not 
conduct so that the energy in the choke (although ap­
pearing as a transformer, this element will be referred 
to as the choke in accordance with its function) builds 
up with rising current. While the switch is off the choke 
voltage reverses in polarity causing the output diode to 
conduct whereupon the inductive energy is discharged 
into the output capacitor to form a DC voltage. Regula­
tion is achieved by modulating the oscillator duty cycle, 
which effectively varies the switch on/off periods. In 
Figure 9 the diode bridge ensures the correct polarity 
for the converter while the opto-isolator completes the 
input to output isolation. 

Figure 10 shows a discrete circuit implementation of a 
DC to DC converter. This circuit was designed to regu­
late a 5V output for 20-60V input voltage. This imple­
mentation provides a maximum power of at least 450 
m W. The DC to DC converter consists of an oscillator, 
a pulse width modulator incorporating an error ampli­
fier and isolating stage, the start up circuitry and the 
flyback converter. When T5 is on, the choke stores en­
ergy and reverse biases diodes D8, D9 and D 10. While 
T5 is off, the choke voltage is negative, hence diodes 
D8, 9 and 10 are all forward biased and thus build a 
DC voltage on their respective capacitors. Note that 
due to the reverse winding technique, the voltage in the 
output windings are opposite in polarity to the switch 
winding. The 5V output is regulated by comparing it to 
a reference voltage, the error in the comparison is then 
used to modify the transistor T5 on time in such a way 
so as to keep the 5V output constant. 

The diode bridge DI-D4 ensures a certain polarity of 
the DC voltage for th.e converter, this is necessary in 
case the network uses polarity reversal for signaling. 
The decoupling capacitor CI serves a secondary func­
tion of bypassing any induced surge current. One half 
of the Schmitt NAND gate CD4093 is used to form a 
25 KHz oscillator. 

At the output, the opto-isolator in conjunction with the 
regulating diode TIA31 is used to generate an error 

current. The current through the regulating diode is 
proportional to the voltage difference between the out­
put and the reference. This device is available from 
Texas Instruments and Motorola amongst others. Fig­
ure II illustrates its function. 

..... ... 
RIO 

R9 

VOUT 
TL431 

Figure 11. Regulator 
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For the regulator diode, the output voltage is given by: 

Vout = (1 + R10 IRs) Vref 
where Vref is typically 2.5V. 
If R10 = Rs 
then Vout = 5V 

The current through the regulating diode will increase 
or decrease with a respective change in the output volt­
age. This change in current is coupled to the output of 
the oscillator through the opto-isolator. The opto-isola­
tor used is a Hewlett Packard 6N139, which has Dar­
lington transistor stage providing high current gain that 
results in a lower power dissipation in the opto-isolator. 
The current through the isolator differentiates the out­
put of the oscillator through capacitor C3. This differ­
entiated signal is then squared off to define the switch­
ing transistor T5 on period. T5 is an IRFDllO MOS­
FET and is available from International Rectifier. The 
isolator current and hence the output voltage control 
the amount of differentiation or the transistor T5 on 
period as illustrated in Figure 12. Thus regulation is 
achieved, as the on period is reduced with increasing 
output voltage and vice versa. ' 

OSCILLATOR OUTPUT Jl..J - ~ -~ - TO T5 

abc' 
27020S-12 

Figure 12. Pulse Width Modulation 
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The two transistors T2 and T3 provide a low source 
impedance driving stage for the switching transistor. 
The fast current sinking and sourcing will ensure fast 
switching of transistor T5. 

The input capacitance of the MOSFET IRFDIIO is a 
maximum of 200 pF. Without the buffer stage the 
MOSFET will stay in the linear region longer before 
saturating, thus resulting in 'a slower switching speed. 
The slow switching in tum will result in a lower overall 
efficiency for the converter. 

The resistor R6 and transistor T4 provide current over­
load protection. Transistor T4 will conduct when the 
voltage across R6 exceed 0.6V or conversely, the cur­
rent through it is greater than 150 mAo With T4 con­
ducting, the drive to the MOSFET is nulled by the 
associated NAND gate. 

The transformer choke is a three winding transformer 
consisting of the switching winding, the output wind­
ing, which is split for the + 5V and - 5V and the self­
bias winding. The transformer is designed for complete 
energy transfer under no load conditions and incom­
plete energy transfer under full load conditions. Figure 
13 shows the wave forms of the two modes. . 

TS DRAIN VOLTAGE LfLJ 
TS DRAIN-SOURCE A _ 

CURRENT --/ L--....../" 
(0) 

At full load, the incomplete energy transfer mode ex­
hibits a lower peak switching transistor current, while 
the complete mode at lower power assures a smaller 
core. The inductance required to achieve this is 6.5 mH 
for the switch winding. The core used was an 
RM6CA400-3B7. The number of turns required to 
achieve this inductance is 130 and for a 20-60V line 
voltage, 50 turns are required for a + 5V output, hence 
use 50 turns for the - 5V too. The self bias winding uses 
70 turns. The transformer was wound with 130 turns of 
34A WG, followed by 50 bifilar turns of 32A WG and 
finished off with 70 turns of 32A WG. The dot scheme 
in Figure 10 should be adhered to. The bobbin is then 
immersed in varnish such as the Dolph's BC356 to dis­
pel any moisture and to provide a protective coating. 
Alternatively, a commercially available DC to DC con­
verter transformer such as the 326-0533 can be pur­
chased from AlE Magnetics. 

At start up, the converter is powered by the linear regu­
lator OS, RI and TI, which sets the power supply at 
5.3V. After start up the self bias winding forces the 
voltage on C4 to be between 7 and 15 volts, which will 
back bias diode 06, thus turning off the linear regula­
tor. Under this condition the power supply provides a 
selfbias voltage to keep it running, while little power is 

270209-14 

Figure 13. (a) Current Voltage Waveforms for Complete Energy Transfer 
(b) Waveforms for Incomplete Energy Transfer 
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Figure 14. Converter Oscillograms 

dissipated in the start up regulator. Transistor TI is se­
lected so that the base-collector can sustain the high 
voltage stress when it is off. The - 5V supply will only 
be regulated if the load on that winding is the same as 
that on the + 5V winding. If this is not possible, it may 
be necessary to use a linear post regulator to obtain a 
regulated - 5V supply. 

Figure 14 shows the volt-current oscillograms for a 30V 
line voltage and 400 mW output power. This shows the 
flyback converter working in the incomplete energy 
transfer mode. The results obtained in the lab gave fin 
overall efficiency of better than 67% and a power sup­
ply ripple of less than 25 m V. The no load power con­
sumption was less than 50 mW. Regulation of the out-
put voltage was better than 150 mY. . 

The design ~as wire wrapped to illustrate the concept 
of power extraction and can of course, be optimized for 
better performance. Special care should be paid to the 
layout; Figure 15 shows good layout principles. Use 
star ground connections to avoid current loops in the 
ground. 

All lead lengths going to the switching MOSFET 
should be minimized and in particular the gate lead. 
The resistor in series with the MOSFET should be 
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placed as close to the gate lead as possible. These pre­
cautions will avoid undesired oscillations in the MOS­
FET. The output stage uses Schottky diode and low 
ESR capacitors to reduce. power dissipation. In th~ 
event of any undesired EMI radiation the transformer 
can be placed in an electromagnetic container and the 
converter can.be enclosed in a copper container. 

/ 
MAGNETIC rlELDS 
DUE TO FORWARD 
AND RETURN 
CURRENTS CANCEL 

Ilf 

270209-17 

Figure 15. Good Layout Principles 
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POWER FAILURE CONSIDERATIONS 

Without power the line interface pins of the 29C53 ap­
pear as diode drops across the line. This means that the 
transmitter of the Network Terminator and the pow­
ered on terminals in a multidrop configuration will be 
terminated by a diode instead of the usual 50n. In the 
event of a failure, it therefore becomes necessary to iso­
late the offending terminal from the line. This can be 
done by providing a switch in the transmit path that is 
normally closed and opens when no power is applied. 

LX+I-----..... 

TRANSMIT 

2.9C53 E 
LX- 1-____ -6' 

LR+ t--.JVV\r--.... 

LR-I--~~=::.....r 

270209-18 

Figure 16. Isolation of Equipment In 
Case of Power Failure 

In the receive path, it is only necessary to increase the 
impedance seen by the line. One way to implement this 
principle is to use a MOSFET bilateral switch in the 
transmit path and to place series resistors in the receive 
path, such that the impedance seen by the line is greater 
than 25oon. Figure 16 illustrates this approach. A 
noteworthy point is that the series resistors in the re­
ceive path not only provide terminal isolation in case of 
failure but also protect the terminal from current 
surges. 
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When there is power, the two MOSFETS will be on 
and appear as a small on resistance, which has to be 
included in the line transformer design analysis. When 
there is no power, the MOSFETS appear as back to 
back diodes, thus stopping any AC flow. The VN0300 
MOSFETS manufactured by Siliconix may be used, 
when on they present a 1.2n resistance each. Note that 
in order to ensure that the MOSFETS conduct it is 
necessary to have a IOV supply in the system. If this is 
not possible the MOSFETS can be replaced by a Reed 
relay which presents a lower on resistance and capaci­
tance but has the disadvantage of consuming more 
power. A low power relay could not be located hence a 
vendor was requested to customize one. Figure 17 
shows the isolation technique using the Wabash 
1992-2-1 25 mW relay which will operate at 3.8V and 
release at 0.5V. 

LX+ 1-------... 

I 

C I 

~ 
2.9C53 5V 

II i 
LX-

I 

LR+ 

c 
LR-I------
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Figure 17. Power Failure Isolation 
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CONCLUSION 

Specific implementations have been provided for the 
general aspects of line interfacing at both the line card 
and the terminal end. These solutions can be taken as 
they are and placed in the particular application or 
used to aid a system design. 

The fixed voltage or constant current feed are both sim­
pler and more economical to realize in discrete form; 
however the constant current variable voltage scheme 
may be more suitable in an integrated form. The power 
converter discussed was based on a low cost simple im­
plementation and it is certainly possible to optimize it 
to obtain conversion efficiencies in the 75% range. As 
an alternative to discrete implementations, a low power 
switch mode power supply is commercially available 
from Fairchild and Motorola, to name two. 

The protection circuits and the transformer, however, 
can only be provided in discrete form at the present 
time. The concepts presented in the protection section 
emphasized low capacitance and maximum protection. 
The section took an overkill approach and as ,such a 
subset of the discussed ideas should suffice most appli­
cations. The transformer designed pointed out the rele­
vant parameters to consider and can be used as it is or 
modified to the particular application. Of course the 
ISDN transformer is also commercially available. 
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TERMINAL ADAPTOR (TA) 

A terminal adaptor, or "TA", is the link between exist­
ing non-ISDN equipment like terminals; facsimile, 
printers and the ISDN network. The function of this 
application is to effectively replace equipment such as a 
modem. Usually provided as a separate box, it process­
es RS232 or X.21 data and places it on the 4 wire'S' 
loop. No change at the terminal is 'required to make it 
ISDN compatible. 

The design is based on a 29C53 transceiver for the 
ISDN connection and an 80188 microprocessor in com­
bination with an 82530 communications controller for 
the data connection. Benefits of the application are: 

• Data rates up to 19.2 Kb/s using an RS232 interface 
or up to 48 Kb/s using an X.21 interface. 

• Compact design and low cost. 
• Virtually error free transmission. 

Link Setup 

The user sets up a call in the same manner as a Hayes' 
modem user does, i.e. a command is transferred to the 
adaptor via the RS232 interface. The command takes 
the form of an ASCII string in which the first 2 charac­
ters are "AT". 

The 80188 accepts the command and begins the call 
setup procedure by communicating the call's destina­
tion to the NT (or CO). This is achieved by passing call 
setup messages to a link level protocol, which is passed 
to the NT over the physical level (S bus). The partition­
ing of the tasks is as follows: 

82530 

Full duplex, dual channel serial communications con­
troller capable of working in asynchronous, bit or byte 
synchronous modes. The 82530 receives commands 
from the terminal's RS232 or X.21 interface and passes 
them on to the 80188. 

80188 

After having received the dialing information from the 
keyboard, the 80188 sets up the call via the 29C53 D­
channel by sending the appropriate CCITT message up 
the link. 

• Call setup message generation (CCITT 1.451). 

'Hayes is a registered trademark of Hayes Microcomputer 
Products. Inc. 

• Upper portion of link access procedure (CCITT 
1.440) handling: 

- Multiple logic channels 

- Sequence control 

- Error correction (retransmission) 
, -, Flow control 

EPLD 

• Interface conversion, serial to/from SLD 

• B-channel assignment 

29C53 

• Physicallevei interface (CCITT 1.430) , 

• Lower portion of the link access procedure: 
- Zero insertion/deletion 

- CRC generation and checking 

- Flag appending and detection 

• D-channel message buffering 

The 80188 passes the information for the D-channel 
. messages via the parallel bus into the FIFO's of the 
29C53. 
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The NT grants a B-channel (if available) to the TA and 
the channel is now ready for data transfer. 

Data Transfer 

An indication is given to the user's terminal via the 
RS232 or X.21 port that communication may com­
mence. Any subsequent data, from the terminal, is 
treated as follows: 

Data from the terminal passes via the 82530 to RAM 
via one of the 80188 DMA channels. 

The 80188 fetches the data from RAM, depacketizes 
and packetizes it before sending it back to the 82530 
where a protective HDLC protocol is added. 

From the 82530 the data reaches the EPLD to be in­
serted into the Bl or B2 channel on the SLD bus. The 
29C53 sends it out over the "S" interface . 
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ISDN PHONE WITH BUILT IN TERMINAL ADAPTOR (TA) 

Figure 2 shows the concept of an ISDN phone with 
hookup to standard sync/async terminals. No change 
at the terminal is required to make it ISDN compatible. 

The design is based on a 29C53 transceiver for the 
. ISDN connection, a 29C48 combo for the voice connec­
tion and an 80188 microprocessor in combination with 
an 82530 communications controller for the data con­
nection. Benefits of the application are: 

• Data rates up to 19.2 kb/s using an RS232 interface 
or up to 48 kb(s using an X.21 interface. 

• Compact design and low cost. 
• Virtually error free transmission. 

Link Setup 

Applies both for speech and data links. The 80188 ac­
cepts the command and begins the call setup procedure 
by communicatirig the call's destination to the NT (or 
CO). This is achieved by passing call setup messages to 
a link level protocol, which is passed to the NT oyer the 
physical level (S-bus). The partitioning of the tasks is as 
follows: 

8279 

The 8279 keyboard and display controller scans the tel­
ephone number pad and supports a small telephone dis­
play. Calls are initiated either through the terminal 
keyboard using an extended Hayes Smart Modem com­
mand set or via the telephone number pad. 

82530 

Full duplex, dual channel serial communications con­
troller capable of working in asynchronous, bit or byte 
synchronous modes. The 82530 receives commands 
from the terminal's RS232 or X.21 interface and passes 
them on to the 80188. 

80188 

After having received the dialing information from ei­
ther keyboard, the 80188 sets up the call via the 29C53 
D-channel by sending the appropriate message up the 
link. . 

• Call setup message generation (CCITT 1.451) 

• Upper portion of link access procedure (CCITT 
1.440) handling: 

- Multiple logic channels 

- Sequence control 

- Error correction (retransmission) 

- Flow control 

EPLD 

• Interface conversion, serial.to/from SLD 

• B-channel assignment 

29C53 

• Physical level interface (CCITT 1.430) 

• Lower portion of the link access procedure: 
- Zero insertion/deletion 

- CRC generation and checking 

- Flag appending and detection 

• D-channel message buffering 

The 80188 passes the information for the D-channel 
messages via the parallel bus into the FIFO's of the 
29C53. 

The NT grants a B-channel (if available) to the TA and 
the channel is now ready for data transfer. 

Information Transfer 

VOICE 

The voice transfer is supported by the 29C48 which 
transmits the voice on either the Bl or B2 channel 
(controlled by the EPLD) into the 29C53 and onward 
to the S-bus. 

DATA 
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An indication is given to the user's terminal via the 
RS232 or X.21 port that communication may com­
mence. Any subsequent data, from the terminal, is 
treated as follows: 

Data from the terminal passes via the 82530 to RAM 
via one of the 80188 DMA channels. 

The 80188 fetches the data from RAM, depacketizes 
and packetizes it before sending it back to the 82530 
where a protective HDLC protocol is added. 

From the 82530, the data reaches the EPLD to be in­
serted into the Bl or B2 channel on the SLD bus. The 
29C53 sends it out over the "S" interface. 
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Figure 2. ISDN Phone With Built In Terminal Adaptor 
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PERSONAL COMPUTER INTERFACE 
Like the terminal adaptor, the ISDN PC adaptor 
provides a link to the ISDN network. The ISDN Co­
Processor shown in Figure 3 implements the hardware 
functions required to support the CCITT I-series "S" 
interface. 

The ISDN Co-Processor is using the 80188 microproc­
essor in combination with an 82530 serial communica­
tions controller for data processing, dual port RAM as' 
interface and buffer to the host bus, the 29C48 Codec/ 
filter for voice support and the 29C53 transceiver for 
the ISDN connection. 

The ISP188 ISDN Software Package is optimized for 
this hardware configuration. 

Co-Processor 
The PC adaptor is an intelligent communications sub­
system designed to function as a slave processor board 
in the PC. This relieves the host processor of much of 
the communications function. 

82530 

Full duplex, dual channel serial communications con­
troller. One of the two channels is attached to either of 
the B channels and operates at 64 kb/s. The s~ond 
channel is available to external datacom equipment via 
an optional serial port, or for connection to the second 
B channel. 

DUAL PORT RAM 80188 

29C48 

Voice conversion and interface to the four wire handset 
is performed by this software programmable integrated 
Codec/filter combo. Designed for ISDN terminal ap­
plications it offers programmable gain in transmit and 
receive direction for user loudness control and adapta­
tion to local network requirements as well as sidetone 
insertion and tone injection for locally produced feed­
back signals. 

The 29C48 can access either Bl or B2 channel by set­
ting the B Sel pin accordingly. 

29C53 

"S" bus transceiver and D channel controller in a single 
chip. The 29C53 provides the physical level interface to 
the "S" bus in accordance to CCITT 1.430 and the 
lower portion of the link access protocol. Activation, 
deactivation, zero insertion/deletion, CRC generation 
and checking and flag appending and detection are per­
formed by the 29C53, the higher level portions of 
LABD are executed on the 80188 and passed on to the 
29C53 via the parallel bus into the FI'FO's. 

B channel access is via the SLD serial port. Voice sig­
nals are directly passed on to the 29C48. Data is 
extracted and injected by the EPLD (Erasable, Pro­
grammable Logic Device) which performs the B chan­
nel assignment and the interface conversion to the 
82530. 

RAM 

ROM 

270247-4 

Figure 3. Personal Computer Interface 
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FULL FEATURE ISDN LINE CARD 

: I PCt.!1 
4W 'S' Interface 29C53 TOt.! BACKPLANE : I PCt.!2 

LINE CARD 
CONTROLLER 

CONTROL/ HOLC 
.......... SIGNALING CS INT : I SLO 

4W 'S' Interface 29C53 
: I 7 

PACKET NETWORK 

PCS4 

~=~~~~~t~JINT3 ucs 
LCS 

PCSO.1 

PSC2.3 

270247-3 

Figure 4. Full Feature ISDN Line Card 

The addition ofISDN line cards to a PABX provides 
the user with access to the ISDN network. While the 
analog line card provides access for standard telephone 
as well as for modems, ISDN terminal adaptors, termi­
nals and phones are connected to the ISDN line card 
via a 4 wire 'S' loop. The described application provides 
all functions to separate voice and switched data (B­
channels) from signaling and packetized data (D-chan­
nel). 

The 29C53 and 80188 together handle the processing of 
D-channel protocols and messages as follows: 

1. The 29C53 executes all bit level HDLC processing, 
puts the "raw" messages into its FIFO and raises the 
interrupt signal. 

2. A special status register in the 29C53s allows the 
80188, through a single status read operation, to de­
termine which of the 29C53s is requiring interrupt 
servicing, i.e. has D-channel messages(s) in its FIFO. 

3. The 80188 accesses the FIFO concerned and the 
data is transferred to RAM. 

5-21 

4. The 80188 determines whether the data is for signal­
ing (S-packet) or is a message to be sent out over the 
packet (P-packet) switched network. 

Signaling information can be processed locally or 
sent via the Iinecard controller. 

If the data is of "P" type, meant for the packet 
switched network, it is DMA'd into the 82530 serial 
communications controller which performs the nec­
essary HDLC transmission, again without any CPU 
involvement. 

5. The 80188 software is responsible for sending out 
acknowledgements for received messages from the 
29C53's D-channel and can thus support large win-
dow sizes. . 

B-channel information is directly passed from the "S" 
loop over the 29C53 and line card controller to the 
switch backplane. 

For transmission in the opposite direction, the proce­
dure is equivalent to the one described above. 
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OTHER AVAILABLE TELECOM LITERATURE 

Title 

29C53AA Reference Manual 

29C53 Line Card Evaluation Kit 
(LEK) Manual 

29C53 Terminal Evaluation Kit 
(TEK) Manual 
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APPLICATIONS INFORMATION 
. 2910A/2911A/2912A 

CODECINTERFACE 
The 2912A PCM Filter is designed to directly inter­
face to the 2910A and 2911 A Codecs as shown be­
low. The transmit path is completed by connecting 
the VFxO output of the 2912A to the coupling ca­
pacitor associated with the VFx input of the 2910A 
and 2911 A codecs. The receive path is completed 
by directly connecting the codec output VFR to re­
ceive input of the 2912A VFRI. The PDN input of the 
2912A should be connected to the PDN output of 
the codec to allow the filter to be put in the power­
down standby mode under control of the co dec. 

CLOCK INTERFACE 
To assure proper operation, the ClK input of the 
2912A should be connected to the same clock pro­
vided to receive bit clock, ClKR of 2910A or 2911 A 
Codec as shown below. The ClKO input of the 
2912A should be set to the proper voltage depend­
ing on the standard clock frequency chosen for the 
codec and filter. 

2910A DIGITAL 
SIG. -------------------------, ~ 

SIGR -------------------, r-----+-VOD POWER SUPPLY 

LINE 

~ 

ANALOG INPUT AND j 
GAIN ADJUSTMENT 

OUTPUT TO 
ELECTRONIC HYBRIDS 

POWER AMPLIFIER INPUT 

POWER AMPLIFIER OUTPUT { 
TO TRANSFORMER HYBRIDS 

GRDA GRDD 

~ -:!-: 

} 
CONTROL INPUTS 
FROM SYSTEM 

PCM FRAME SYNCH 
AND BIT CLOCKS 

.-+-----' ~-:::-::_+--+_INPUT FROM PCM HIGHWAY 

~:::DJ:=-~ES 
'-----------------------'=--_ v •• 

V-GRDA 11) DECOUPllNG CAPACITORS 

270219-1 

Figure 1. A Typical 2910A Co dec and 2912A Filter Configuration 
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GROUNDING, DECOUPLING, AND 
LAYOUT RECOMMENDATIONS 

The most important steps in 'designing a low noise 
line card are to insure that the layout of the circuit 
components and traces results in a minimum of 
cross coupling between analog and digital signals, 
and to provide well bypassed and clean power sup­
plies, solid ground planes, and minimal lead lengths 
between components. 

1) All power source leads should be bypassed to 
ground on each printed circuit board (PCB), on 
which codecs are provided. At least one electro­
lytic bypass capacitor (at least 50 I-lF) per board 
is recommended at the point where all power 
traces from the codecs and filters join prior to 
interfacing with the edge connector pins as­
signed to the power leads. 

2) When using two-sided PCBs, use both corre­
sponding pins on opposite sides of the board for 
the same power lead. Strap them together both 
on the PCB and on the back of the edge con­
nector. 

3) Layout the traces on codec- and filter-equipped 
boards such that analog signal and capacitor 
leads are separated as widely as possible from 
the digital clock and data leads. 

4) Connect the codec sample and hold capacitor 
with. the shortest leads possible. Mount it as 
close to the codec CAP1 X, CAP2X pins as pos­
sible. Shield the capacitor traces with analog 
ground. 

5) Do not layout any board traces (especially digi­
tal) that pass between or near the leads of the 
sample and hold capacitor(s) since they are in 
high impedance circuits which are sensitive to 
noise coupling. 

6) Keep analog voice circuit leads paired on their 
layouts so that no intervening circuit leads are 
permitted to run parallel to them and/or be­
tween them. 

7) Arrange the layout for each duplicated line; trunk 
or channel circuit in identical form. 

8) Line circuits mounted extremely close to adja­
cent line circuits increase the possibility of inter­
channel crosstalk. 

9) Avoid assignment of edge connector pins to any 
analog signal adjacent to any lead carrying digi­
tal (periodic) Signals or power. 
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10) The optimum grounding configuration is to main­
tain separate digital and analog grounds on the 
circuit boards, and to carry these grounds back 
to the power supply with a low impedance con­
nection. This keeps the grounds separate over 
the entire system except at the power supply. 

11) The voltage difference between ground leads 
GRDA and GRDD (analog and digital ground) 
should not exceed two volts.' One method of 
preventing any substantial voltage difference be­
tween leads GRDA and GRDD is to connect two 
diodes back to back in opposite directions 
across these two ground leads on each board. 

12) Codec-filter pairs should be aligned so that pins 
9 through 16 of the filter face pins 1 through 12 
of the codec. This minimizes the distance for an­
alog connections between devices and with no 
crossing analog lines. 

13) No digital or high voltage level (such as ringing 
supply) lines should run under or in parallel with 
these analog VF connections. If the analog lines 
are on the top (component side) of the PC 
board, then GRDD, GRDA, or power supply 
leads should be directly under them, on the bot­
tom to prevent analog/digital coupling. 

14) Both the codec and filter devices should be 
shielded from traces on the bottom of the PCB 
by using ground or power supply leads on the 
top side directly under the device (like a ground 
plane). 

15) Two +5V power supply leads (Vecl should be 
used on each PCB, one to the filters, the other 
to the codecs. These leads should be separately 
decoupled at the PCB where they then join to a 
single 5V supply at the backplane connector. 
Decoupling can be accomplished with either a 
series resistor/parallel capacitor (RC lowpass) 
or a series RF choke and parallel capacitor of 
each 5V lead. The capacitor should be at least 
10 p,F in parallel with a 0.1 p,F ceramic. This 
filters both high and low frequencies and accom­
modates large current spikes due to switching. 

16) Both grounds and power supply leads must have 
low resistance and inductance. This should be 
accomplished by using a ground plane whenev­
er possible. When narrower traces must be 
used, a minimum width of 4 millimeters should 
be maintained. Either multiple or extra large plat­
ed through holes should be used when passing 

. the ground connections through the PCB. 
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17) The 2912A PCM filter should have all power 
supplies bypassed to analog ground (GRDA). 
The 291 OAl2911 A Codec + 5V power supplies 
should be bypassed to the digital ground 
(GRDD). This is appropriate when separate 
+ 5V power supply leads are used as suggested 
in item 15. The - 5V and + 12V supplies should 
be bypassed to analog ground (GRDA). Bypass 
capacitors at each device should be high fre­
quency capacitors of approximately 0.1 to 1.0 
/iF value. Their lead lengths should be mini­
mized by routing the capacitor leads to the ap­
propriate ground plane under the device (either 
GRDA or GRDD). 

ZERO TRANSMISSION LEVEL POINTS 

2910A/2912A 0 dBmO 

TRANSMIT 
FILTER ENCODER DECODER 

2.85 d8m 
1.08 Vlms 

5.B5 dBm 
t.52Vrms 

2911A12912A 0 dBmO 

2.88 dSm 
1.08 Vrms 

TRANSMIT 
FILTER 

5.88 dBm 
1.S2Vrms 

ENCODER 

DIGITAL 
MILLIWATT 
CODES 
(OR EQUIV.) 

rnGITAL 
MILLIWATT 
CODES 
(OR EQUIV.) 

DECODER 
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18) Relay operation, ring voltage application, inter­
ruptions, and loop current surges can produce 
enormous transients. Leads carrying such sig­
nals must be routed well away from both analog 
and digital circuits on the line card and in back­
planes. Lead pairs carrying current surges 
should be routed closely together to minimize 
possible inductive coupling. The microcomputer 
clock lead is particularly vulnerable, and should 
be buffered. Care should also be used in the 
backplane layout to prevent pickup surges. Any 
other latching components (relay buffers, etc.) 
should also be protected from surges. 

19) When not used, the AUTO pin should float with 
minimum PC board track area. 

5.63 dBm 
1.48 Vrma 

5.66 dBm 
1.49Vrms 

RECEIVE 
FILTER 

RECEIVE 
ALTER 

5.85 dSm 
1.52 VIrna 

5.88 dBm 
1.52 V,ms 

POWER 
AMPLIFIERS 

SINGLE ENDED, 600 n 
5.85 dBm 
1.S2Vrms 
BALANCED, 600 n 
11.9 dam 
3.04Vrms 

POWER 
AMPLIFIERS 

270219-2 

SINGLE ENDED, 600n 
5.88 dBm 
1.52Vrms 
BALANCED, 600 n 
11.9dBm 
3.05 Vlma 
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Note: See data sheet· for latest specifications. Values given in this application 
note are for reference only, and were considered correct at the time of publi­
cation (Feb. 1982). 

1.0 INTRODUCTION 

This application note describes the features and capa­
bilities of the 2913 and 2914 codec/filter combochips, 
and relates these capabilities to the design and manu­
facturing of transmission and switching linecards. 

1.1 Background 

The first generation of per line codecs (Intel 
29IOA/IIA) and filters (Intel 2912A) economically in­
tegrated the analog-digital conversion circuits and 
PCM formatting circuits into one chip and the filtering 
and gain setting circuits into another chip. These two 
chips helped to make possible the rapid conversion to 
digital switching systems that has taken place in the last 
few years. 

The second generation of Intel LSI PCM telephony 
components, the 2913/14 Combochip, extends the level 
of integration of the linecard by combining the codec 
and filter functions for each line on a single LSI chip. 
In the process of combining both functions, circuit de­
sign improvements have also improved performance, 
reduced external component count, lowered power dis­
sipation, increased reliability, added new features, and 
maintained architectural transparency. 

The 2913 and 2914 data sheet contains a complete de­
s~ription of both parts, including detailed discussions of 

each feature and specifications for timing and perform­
ance levels. This application note, in conjunction with 
the data sheet, describes in more detail how the new 
and improved features help in the design of second-gen­
eration linecards first by comparing the two generations 
of components to see where the improvements have 
been made, and then by discussing specific design con­
siderations. 

1.2 Comparison of First- and Second­
Generation Component 
Capabilities 

The combochip represents a higher level of component 
integration than the devices it replaces and, because of 
the economics of LSI (replacing two chips with one), 
ultimately will cost significantly less at the component 
level. But comparison of the combochip block diagram 
with first-generation single-chip codec and filter reveals 
few major functional differences. Figure 1 compares the 
first-generation codec and filter chips to the combo­
chip. Both provide rigidly specified PCM capabilities of 
voice signal bandlimiting and nonlinear companded 
A/D and D/ A conversion. The first on-chip reference 
voltage was introduced in the 2910/2911 single-chip 
codecs and is included in the combochip. The provision 
of uncommitted buffer amplifiers for flexible transmis­
sidn level adjustment and enhanced analog output drive 
was a feature of the now standard 2912 switched-capac­
itor PCM filter is available on the combochip. Like-

PCM BANDPASS ENCODE S/H 
"ORA-LAW 
ENCODING 

TIMESLOT 
CONTROL 

ciw 
OZ 
... 0 
oC" ZOo 
oCw 
00: ...... 
I 
I 

TRANSFORMER TRANSMISSION PCM 
DRIVER LEVEL CONTROL LOWPASS 

SINGLE'CHIP PCM FILTER SINGLE-CHIP PCM CODEC 

COMBO CHIP 
~---------------------------------------------

Figure 1. LSI Partitioning of Codec/Filter Functions 
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wise, independent transmit (AID) and receive (D/ A) 
analog voice channels which permit the two channels to 
be timed from independent (asynchronous) clock sourc­
es is common to the first- and second-generation devic­
es. Finally, the ability to multiplex signalling bits on a 

. bit-stealing .basis from th~ digital side of the device has 
been duplicated on the combochip. 

Data traffic-conscious systems manufacturers now pro­
vide dedicated codec, filter, and subscriber interface 
functions on a per-subscriber basis, which in turn puts 
intense cost pressures on these functions. The function­
al duplication of first-generation components addresses 
the needs of the system manufacturer who wants to 
cost reduce existing fixed-architecture system designs. 
Whereas the bulk of the system development costs (and 
time) are in the switching machine call processing and 

diagnostic software, the bulk of the production costs 
are in the high-volUlne linecards. The combochip ad­
dresses these cost pressures and defers the appetite for 
new integrated functions to a future generation of PCM 
components . 

Figure 2 contains the block diagram of the 2913/14 
combochip which illustrates not only the basic com­
panding and filtering functions but also some of the 
changes and new features contained in the second-gen­
eration devices, such as internal auto zero, separate 
ADC and DAC for transmit and receive sections, re­
spectively, precision gain setting (ReV section), and in­
put/output registers for both fixed and variable data 
rates. Table 1 lists many of the features that are impor­
tant to Iinecard design and performance. A direct com­
parison between first-and second-generation products 

Table 1_ Comparison between 2913/14 Combochlp and the 
2910A/11A/12A Single-Chip Codecs and Filters 

Features 2910A/11A plus 2912A 2913114 
Power Operating 280-310mW 140mW 

Standby 33mW 5mW 

Pins 38-40 20-24 

Board Area Including Interconnects Normalized = 1.0 0.33 

Data Rates. -Fixed 1.536, 1.544, 2.048 Mbps Same 

-Variable None 64 Kbps -+ 2.048 Mbps 

Compal]ding Law -p.-Law 2910 + 2912 Strap Selectable 

-A-Law 2911 + 2912 

PSRR 1 KHz 30dB >35dB 

> 10 KHz NotSpec'd > 35dB 

Gain Setting Trim Using Pot Necessary . Precision Resistors 
Eliminate Trim Req. 

Operating Modes Direct Yes Yes 

Timeslot Assign Yes No 

On-Chip VREF Yes Yes 

ICN - Half Channel Improvement 15 dBrncO Transmit 15 dBrncO Transmit 
11 dBrncO Receive 11 dBrncO Receive 

SID - Half Channel Improvement See Data Sheet See Section 2.0 

GT - Half Channel Improvement See Data Sheet See Section 2.0 

Power Down (Standby) PDN Pin Frame Sync Removal or PDN Pin 

Signalling 2910-8th Bit 2914-8th Bit 

Auto Zero External Internal 

S&HCaps External Transmit Internal 
Internal Receive 

Test Modes None Design Tests 
- Manufacturing Test 

On-Line Operational Tests 

Encoder Implementation Resistive Ladder Capacitive Charge Redistribution 
Ladder 

Filter/Gain Trim Fuse Blowing ± 0.2 dB Fuse Blowing ± 0.04 dB 
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COMPARATOR 
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REGISTER 

D, 

lSx/CClKX 

SIG.IASEL 
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RCV 
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GRDD 
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TO 
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CONTROL 
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1--------..... ---4--FS, 

t------------i_-CLKx 

Yee VIII QRDO GRDA 

(a) Combochip Block Diagram 

Power (-5V) GSx 
Power Amplifier Outputs VFxl-, VFxl + 
Receive Gain Control GRDA 
Power Down Select NC 
Master Clock Frequency SIGx 
Select 
Analog Loop Back ASEL 
Receive Signaling Bit Output TSx 
Receive Variable Data Clock DCLKx 
Receive PCM Input Dx 
Receive Frame FSx 
Synchronization Clock 
Digital Ground CLKx 
Power (+5V) CLKR 

(b) Combochip Pin Names 

ClKSEL 

PIm 
LOOP 

D. 

'-----1--510fl; 
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Transmit Gain Control 
Analog Inputs' 
Analog Ground 
No Connect 
Transmit Signaling Input 

IL- or A-law Select 
Timeslot Strobe/Buffer Enable 
Transmit Variable Data Clock 
Transmit PCM Output 
Transmit Frame 
Synchronization Clock 
Transmit Master Clock 
Receive Master Clock 

Figure 2. Block Diagram of 2913/14 Combochip 
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shows the significant improvement in the combochip 
both in performance levels and system flexibility. 

2.0 DESIGN CONSIDERATIONS 

The key point with the 2913/14 is that it will result in a 
linecard that performs better and costs less than any 
two-chip codec/filter solution. The lower cost results 
from many factors, as seen in Table 2. Both direct re­
placement costs and less tangible design and manufac­
turing time savings combine to yield lower recurring 
and nonrecurring costs. As an example, the wider mar­
gins to transmission specs and the higher power supply 
rejection ratios of the 2913/14 will both shorten the 
design time needed to build and test the linecard proto­
type and reduce the reject rate on the manufacturing 
line. . 

Table 2. 2913/14 Factors which Lower the Cost 
of Linecard Design and Manufacturing 

• Lower LSI Cost (2914 vs. 2910/11 + 
2912) 

• Fewer External Components 

• Less Board Area 
• Shorter DesignlPrototype Cycle 

• Better Yields/Higher Reliability 

• Lower Power/Higher Density 

Part of the recurring cost of linecard production is the 
efficiency of the manufacturing line in turning out each 
board. This is measured in both parts cost and time. 
Average manufacturing time is strongly effected by the 
line yield, i.e., the reject rate reliability. A linecard us­
ing the 2913/14 has many labor-saving features, which 
also increases the reliability -of the manufacturing pro­
cess. Some of these features are detailed in Table 3. 

The combination of fewer parameters to trim (gain, ref­
erence voltage, etc.), tolerance to wider power supply 
variations, and on-chip test modes make the linecard 
very manufacturable compared to first-generation de­
signs. 

Probably the most obvious improvement in linecard de­
sign based around the 2913/14 is the reduction in line­
card PCB area needed compared to two-chip designs. 
The combination of the codec and filter into a single 
package alone reduced the LSI area by one-third. Table 
4 shows many of the other ways in which board area is 
conserved. In general, it reduces to fewer components, 
more on-chip features, and layout of the chip resulting 
in-an efficient board layout which neatly separates the 
analog and digital signals both inside the chip and on 
the board. 

6-8 

Table 3. 2914 Factors which Increase Llnecard 
Manufacturing Yields and Efficiency 

• Higher Reliability 
-Fewer connections and components 

-More integrated packaging 

-More margin to specs 

-Lower power 

-NMOS proven process 

-Less sensitive to parameter variations 

• Fewer Manufacturing Steps 
-No gain trimming 

-On chip VREF 

-Wide power supply tolerance 

-On chip test modes 

-Wide margins to spec 

Table 4. Design Factors for 2914 which Reduce 
Linecard PCB Area 

• Integrated Packaging 
-2914 vs. 2910/11 + 2912 

= 1/3 board area 

-2913 takes even less space 

• Fewer Interconnects/Components 
-Codec/filter combined 

-On-chip reference voltage 

-On-chip auto zero 

-On-chip capacitors 

-No gain trim components 

-No voltage regulators 

• Efficient Layout (Facilitates Auto Inser­
tion) 

-Analog/digital sections separated on 
chip 

-Digital traces can cross under chip 

-Two power supplies only 

-Low power/high density 
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Table 5 2913/14 Operating Mode Options Add Flexibility to Linecard Design 

Option Mode Control Pins 
Results of Mode Selection 

2914 (24 Pin) I 2913 (20 Pin) 

Companding Law SIGX/ASEL A-Law or /L-Law + Signalling I A-Lawl/L-Law, no Signalling 

Power Down PDN Transmit & Receive Side Go To Standby Power (5 mW) 

FSx & FSR Removed Same (12 mW) 

FSx Removed Transmit Side Goes to Standby (110 mW) 

FSR Removed Receive Side Goes to Standby (70 mW) 

Data Rate = Vee/GRDDlVss 1.536/1.544/2.048 Mbps in Fixed Data Rate Mode 
DCLKR = Vss 

- Vee/GRDDlVss Variable Data Rate Mode from 64 Kbps to 2.048 Mbps, 
DCLKs = Clock No Signalling 

Test Modes LOOP = Vee Implements Analog Loopback I No Loopback Capability 

PDN = Vss Provides Access to Transmit Codec Through ASEL and TSX 
Pins 

DR = Vss Provides Access to RCV Filter Input at DCLKR and Transmit 
Filter Outputs at ASEL and TSX Pins 

Many of the factors discussed-which result in effi­
cient, cost-effective linecard designs-are discussed in 
more detail both in the 2913/14 data sheet and in the 
following sections of this note. 

2.1 Operating and Test Mode 
Selection 

A key to designing with the 2913/14 combo is the wide 
range of options available in configuring, either with 
strap options or in real time, the different modes of 
operation. The 2913 combochip (20 pins) is specifically 
aimed at synchronous switching systems (remote con­
centrators, PABXs, central offices) where small pack­
age size is especially desirable. The 2914 combochip (24 
pins) has additional features which are most suitable for 
applications requiring 8th-bit signalling, asynchronous 
operation, and remote testing of transmission paths 
(e.g., channel banks). Once the specific device is select­
ed, there is a wide range of operating modes to use in 
the card design, as seen in Table 5. This table lists the 
optional parameters and the pins which control the op­
erating mode. The result of selecting a mode is listed for 
both the 2913 and 2914. 

The purpose of offering these options is to ensure that 
the 2913/14 combo will accommodate any existing 
linecard design with architectural transparency. At the 
same time, features were designed in to facilitate design 
and manufacturing testing to reduce overall cost of de­
velopment and production. 

2.2 Data Rate Modes 
Any rapid conversion scenario presumes 'that the com­
bochip will fit existing system architectures (retrofit) 
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without significant system timing, control, or software 
modifications. To this end, two distinct user-selectable 
timing modes are possible with the combochip. For 
purposes of discussion, these are designated (a) fixed 
data rate timing (FDRT) and (b) variable data rate tim­
ing (VDRT). 

FDRT is identical to the 2910/2911 codec timing in 
which a single high-speed clock serves both as master 
clock for the codec/filter internal conversion/filtering 
functions and as PCM bit clock for the high-speed seri­
al PCM data bus over which the combochip transmits 
and receives its digitized voice code words. In this 
mode, PCM bit rates are necessarily confined to one of 
three distinct frequencies (1.536 MHz, 1.544 MHz, or 
2:048 MHz). Many recently designed systems employ 
this type of timing which is sometimes referred to as 
burst-mode timing because of the low duty cycle of 
each timeslot (i.e., channel) on the time division multi­
plexed PCM bus. It is possible for up to 32 active com­
bochips to share the same serial PCM bus with FDRT. 

VDRT (sometimes referred to as shift register timing), 
by comparison, utilizes one high-speed master clock for 
the combochip internal conversion/filtering functions 
and a separate, variable frequency, clock as the PCM 
bit clock for the serial PCM data bus. Because the serial 
PCM data rate is independent of internal conversion 
timing, there is considerable flexibility in the choice of 
PCM data rate. In this mode the master clock is per­
mitted to be 1.536 MHz, 1.544 MHz, or 2.048 MHz, 
while the bit clock can be any rate between 64 KHz and 
2.048 MHz. In this mode it is possible to have a dedi­
cated serial bus for each combochip or to share a single 
serial PCM bus among as many as 32 active combo­
chips. 
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Thus, the two predominant timing configurations of 
present system architectures are served by the same de­
vice, allowing, in many cases, linecard redesign without 
modification of any common system hardware or soft­
ware. Additional details relating to the design of sys­
tems using either mode are found in section 3.0. 

2.3 Margin to Performance 
Specifications 

The combochip benefits from design, manufacturing, 
and test experience with first-generation PCM products 
on the part of the system manufacturer, component 
suppliers, and test equipment suppliers. The sub-milli­
volt PCM measurement levels "and tens of microvolts 
accuracy requirements on the lowest signal measure­
ments often result in tester correlation problems, yield 
losses, and excess costs for system and PCM compo­
nent manufacturers alike. Thus additional performance 
margin built into the PCM components themselves will 
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have its effect on line circuit costs even though the sys­
tem transmission specifications may not reflect the im­
proved performance margin. 

Half channel measurements have been made of the 
transmission parameters-gain tracking (GT), signal to 
distortion ratio (SID), and idle chan~el noise (ICN). 

Gain Tracking-Figure 3 shows the gain tracking data 
for both the transmit and receive sides of the combo 
using both sine wave testing (CCITT G712.11 Method 
2) and white noise testing (CCITT G712.11 Method I). 
The data shows a performance very nearly equal to the 
theoreticafiy best achievable using both test techniques. 

. End to end measurements, although not spec'd, also 
show a corresponding good performance with errors 
less than or equal to the sum of the half channel values. 

Signal to Distortion Ratio-:. This is a measure of the 
system linearity and the accuracy in implementing the 
companding codes. Figure 4 shows the excellent perfor-
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Gain Tracking Error Versus Signal Level 
2914 Combo DIA 

White Noise Test (CCITT G712.11 Method 1) 
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Figure 3. 2914 Half Channel Gain Tracking Performance Measurements 
for Both Sine and Noise Testing 
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Figure 4. 2914 Half Channel Signal to Distortion Ratio (SID) Performance Measurements 
, for Both Sine and Noise Testing 

mance of the 2914 for both the transmit (AID) and 
receive (DI A) channels using sine wave and noise test­
ing. The margin is greater than 3 dB above the half 
channel spec which means that a larger error budget is 
available to the rest of the channel. 

Statistical Analysis-A statistical analysis of G.T. and 
SID measurements over many devices shows a very 
tight distribution, as seen in Figure 5. There are several 
consequences resulting from this highly desirable distri­
bution: (1) the device performance is controllable, re­
sulting in high yields, (2) the device circuit design is 
tolerant of normal process variations, thereby ensuring 
predictable production yields and high reliability, and 
(3) understanding of the circuit design and process fun­
damentals is clearly demonstrated-largely as a result 
of previous telephony experience with the Intel NMOS 
process. 

Idle Channel Noise-The third transmission parameter 
is idle channel noise (ICN). Figure 6 gives half channel 
ICN measurements which show a substantial margin to 
specification. 
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Power Supply Rejection-Circuit innovation in the in­
ternal combochip design has resulted in significant im­
provements in power supply rejection in the 5 to 50 
KHz range (Figure 7), and it is this frequency band 
which usually contains the bulk of the switching regula­
tor noise. These higher frequencies, outside the audio 
range as they are, are not objectionable or even detect­
able in the transmit direction except to the extent that 
they alias into the audio range as a result of internal 
sampling processes in the transmit filter and AID con­
verter. Sampling techniques in the combochip minimize 
this aliasing. In the receive direction, excess high fre­
quency noise which propagates onto the subscriber loop 
can interfere with signals in adjacent wires and is thus 
objectionable even without aliasing. The symmetrical 
true differential analog outputs of the combochip are an 
improvement from earlier designs which failed to main­
tain true power supply symmetry through the output 
amplifiers. Not only does the differential design im­
prove transmission performance, but it also reduces the 
need for power supply bypass capacitors, thereby sav­
ing component cost on the Iinecard. 
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Figure 5. Statistical AnalysIs of Transmission Performance Showing 
Tight. Distribution Over Many Devices 
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D/A C Message 11 dBrnCO 

Figure 6. 2914 Idle Channel Noise (ICN) 
. Measurements 

Autozero-The autozero circuit is contained. complete­
lyon-chip. It automatically centers the signal/noise dis­
tribution at .the encoder input. This ensures minimal 
ICN due to bit toggling and also maintains maximum 
sensitivity to the AC signals of interest. 

2.4 Power Conservation 

Figure 8' illustrates typical power consumption and of­
fice equipment dissipation for a resistive line biasing 
arrangement (with no loop current limiting) and for the 
per-line PCM components. It can be seen that overall 
line circuit power consumption and dissipation are 
strong functions of subscriber loop resistanc.e, and are 
dominated by line biasing current regardless of loop 
length. It can also be seen that the combochip achieves 
significant reductions in PCM component contribu­
tions relative to both the 291OA12912A and 
2910/2912. Present residential traffic characteristics 
are such that the PCM components are active less than 
10% of the time, and in its low-power standby state, 
the combochip power dissipation drops to typically 
5 mW as the line current (and dissipation) goes to its 
background on-hook leakage level of typically a few 
milliwatts (but for very leaky lines, as much as 50 m W -
500 mW). 

6-12 

The concern for linecard power consumption and 'dissi­
pation is related both to the cost of providing power 
and to the system density problem involving convection 
heat removal from the linecards. Consequently, much 
recent line circuit development activity centers. on elim­
ination of the inefficient resistive line current feed both 
by current limiting in short loops and by more exotic 
and expensive per-line dc-dc converters. For both pres­
ent-generation designs and cost-reduction redesigns, 
the typical combochip dissipation of 140 mW 
active/5 mW standby will allow system board packing 
density improvements and power supply cost reduc­
tions. 

A closer look at the effect ofloading (duty cycle) on the 
average power dissipation of a combochip is given in 
Table 6. Typical loading percents run as low as 5% for 
very large switching systems (thousands of lines) up to 
100% in nonswitching applications such as channel 
banks. Clearly, the average power dissipation in a typi­
cal switching system is below 35 mW which facilitates 
board packing density and cost of power considera­
tions. 

Table 6. Typical Power Dissipation Per Line 
Using 2914 Combochlp 

Duty Power 
Cycle Dissipation 

Central 5% 12mW 
Office 

PABX 15% 25mW 

Peak Hour 50% 73mW 
C.O. 

Channel 100% 140mW 
Bank 
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Figure 8. Line Circuit Power Consumption and Dissipation Curves 
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2.5 Elimination of Gain Trim in the Line 
Circuit 

Four resistors-RI-R4 of Figure 9-on the transform­
er side of the PCM components are used to establish 
appropriate transmission levels at the PCM compo­
nents and are, at first glance, equivalent in the two cas­
es. However, a significant reduction in linecard manu­
facturing costs associated with individual line trim (or 
mop-up) is possible with the combochip. The need for 
this trim is dictated by system gain contrast specifica­
tions which typically require that the line-to-line gain 
variation shall not exceed 0.5 dB, which translates to 
0.25 dB for each (transmit and receive) channel. Table 
7 shows that the major portion of this gain variation 

has previously been in the nominal insertion loss of the 
PCM filter and in the uncertainty of. the reference volt­
age of the codec. With this cumulative 0.15 dB uncer­
tainty in the PCM components themselves, the system 
manufacturer had no choice but to resort to the cost 
and manufacturing complexity of the active trim. The 
combochip, however, can be trimmed during its manu­
facture to a nominal tolerance of ± 0.04 dB which in­
cludes uncertainties in both the filter and codec voltage 
reference functions. This leaves 0.21 dB uncertainty to 
variations in the other line circuit elements and to tem­
perature and supply variations. 

The variation in combochip gain with supply and tem­
perature has also been improved to allow as low as 
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6-14 



intJ AP-142 

Table 7. Gain Trim Budget for Codec/Filter Functions 

Manufacturing Uncertainty ~T Variation' Budget 
Device 

(Initial) ~Supplies 
Total 

for Other Componen~s 

2910 ±0.1 
2912 ±0.05 

±0.15 

2914 ±0.04 
.. • Assumes 0.5 dB end to end gain contrast specifications . 

0.08 dB variation over supplies and temperature so that 
more than half the system specification could be re­
served for transformer, wiring, and resistor uncertain­
ties. This possibility of using fixed precision gain trim 
components and abandoning the active trim holds the 
potential for simplification and cost reduction of the 
line board manufacturing process. 

2.6 Power Up/Down Considerations 

Power Supply Sequence-There are no requirements 
for a particular sequence of powering up the combo­
chip. All discussions of power up or power down tim­
ing assume that both Vee and VBB are present. 

Power Up Delay-Upon application of power supplies, 
or coming out of the standby ppwer down mode, three 
circuit time constants must be observed: (1) digital sig­
nal timing, (2) autozero timing, and (3) filter settling. 
An internal timing circuit activates SIFr, Dx, and TSx 
approximately two or three frames after power up. Un­
til this time, SIGr is held low and the other two signals 
are in a tri-state mode. During this time, SIGx will have 
no effect on the PCM output. 

Power Down Modes-These modes are described in de­
tail in Table 3 of the 2913/14 data sheet except for a 
fail-safe mode in case CLKx is interrupted. If this 
should happen, both Dx and TSx go into the ti-i-state 
mode until the clock is restored. This ensures the safety 
of the PCM highway should the interrupted clock be a 
local problem. 

3.0 OPERATING MODES 

There are three basic operating modes that are support­
ed by the 2913/14: fixed data rate timing (FDRT), vari­
able data rate timing (VQRT), and on-line testing. 

3.1 Fixed Data Rate Mode 

The FDRT mode is described in some detail in both 
section 2.2 of this note and in the 2913/14 data sheet. 
In addition, Intel Application Note AP-64 (Data Con-

±0.1 
±0.05 
±0.15 ±0.3 dB o dB 

±O.OB ±0.12dB ±0.13dB 
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version, Switching, and Transmission using the Intel 
291OA/291lA codec and 2912 PCM filter) also de­
scribes the basics of using the fixed data rate mode for 
first-generation codecs and filters which is essentially 
the same as for the 2913/14 second-generation combo­
chip. 

3.2 Variable Data Rate Mode 

The VDRT mode is described in some detail both in 
section 2.2 and in the 2913/14 data sheet. This section 
focuses on two design aspects: (I) the advantage of 
clocking data on the rising edges of the clock for trans­
mit and receive data, respectively, and (2) making the 
2913/14 transparent in previously designed systems (a 
retrofit, cost reduction redesign) .. 

Clock Timing-The 2913/14 is ideally set up 'to trans­
mit and receive data, using the same clock, with no race 
conditions or other marginal timing requirements. This 
is accomplished by transmitting data on the rising edge 
of the first clock pulse following the data enable pulse 
FSx and receiving data on the falling edge of the clock 
which is directly in the middle of the Dx data pulse. 
Several manufacturers use leading edge timing for both 
transmit and receive requiring an inversion of the re­
ceive clock. 

Figure 10 shows the transmit and receive clock and 
data timing for an entire time slot of data. A closer look 
at the timing functions is given in Figure 11 which 
looks specifically at the first clock cycle after the trans­
mit data enable FSx. 

According to the 2913/14 data sheet, the frame sync/ 
data enable FSx must precede the clock (DCLKx) by 
at least Ttsdx or nominally 15 ns for that clock pulse to 
be recognized as the first clock pulse in the time slot. In 
actuality, the 2914 will allow FSx to lag up to 80 ns the 
DCLKx rising edge and recognize it as the first clock 
pulse in a 2.048 MHz system. 

Once FSx has reached VIH of about 2V, the Dx output 
will remain in the tri-state high-impedance mode for 
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Transmit Timing 

210314-17 

Receive Timing 

210314-18 

NOTE: 
All timing parameters referenced to VIH and VIL except tOON and tOFF which reference a high impedance state. 

Figure 10. Variable Data Rate Timing for an Entire Time Slot 

T don or about 34 ns longer. It then comes out oftristate 
and will represent some data which is invalid until the 
valid data is available TooX or about 75 ns (100 ns 
worst case) after the clock rising edge. This means there 
is about 90 ns of invalid data after the tri-state mode. 
At this point there is valid data on the Dx higlIway 
that lasts for approximately one full clock cycle. 

Since the Dx highway is tied directly to the Dr high­
way in digiti! loopback, the valid data above is now 
available to the receive channel with some propagation 
delay. The receiver is only interested in the data for 
about a 50 ns (110 ns worst case) window centered 
about the falling edge of the DCLKr clock which oc­
curs about half a clock cycle from the FSr rising edge. 
The window width is equal to the data set-up time. 
Tdsr, plus the clock fall time, 'Te, plus the data hold 
time, T dhr' Information at any other time on the Dr 
highway falls into the DON'T CARE category. 

Retrofitting the 2913/14-Several switching/transmis­
sion systems have been designed using first-generation 
codecs which operate at data rates from 64 Kbps to 
2.048 MBps. In addition, they may have been designed 
using the rising clock edges for both transmit and re­
ceive data. 
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Other aspects of these older designs could be relative 
skewing between the, sync pulses (Data Enable) and the 
clock pulses in such a way that the sync pulse occurs 
after (Lags) the first clock pulse rising edge. All of these 
conditions can be easily handled using the variable data 
rate timing mode of the 2913/14 plus some simple ex­
ternal logic. By the addition of this logic, the 2913/14 
becomes transparent to the older design thereby allow­
ing an upgrade in performance while having no impact 
on backplane wiring or on system control hardware/ 
software. In addition, many of the features of the 
2913/14 may be incorporated, such as the test modes, 
which provide additional capabilities beyond, those 
available in the original design and at a lower cost. 

The circuit diagram in Figure 12 shows the maximum 
amount of additional random logic that could be neces­
sary to make the 2913 or 2914 cOr.1pletely transparent 
at the linecard level (no impact on backplane wiring or 
timing). The inverter on DCLKR inverts all the receive 
clocks for each linecard. This inverter is only needed if 
(I) the transmit and receive clocks are inverted at the 
system/backplane level (as opposed to the linecard lev­
el) and (2) the previous design used only rising (or fall­
ing) edges to clock the transmit/receive data: 
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Figure 11. Waveform Timing Diagrams for the 2913/14 

3.3 On-Line Test Modes 

Two modes are available which permit maintenance 
checking of the linecard up to the SLIC/combochip 
interface, including the PCM highways and time slot 
interchanges. Tests include time slot-dependent error 
checking. The two test modes are called "redundancy 
testing" and "analog loopback." These test modes are 
described in detail in Section 4.3. 

4.0 MUL TIMODE TEST CAPABILITIES 

The 2913/14 was designed with every phase of design, 
manufacturing, and operation taken into consideration. 
In particular, several test modes have been implement­
ed within the device with essentially no increase in the 
package size or pin count. These test modes fall into 
three categories: design/prototype tests, manufacturing 
tests, and on-line operation tests; see Table 8. 
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4.1 Design/Prototype Testing 

In the design of a linecard prototype or in the qualifica­
tion of a device, it is often helpful to have direct access 
to the internal nodes at key points in the LSI system. 
Some manufacturers even dedicate pins specifically for 
this function. The Intel 2913/14 approach was to re­
duce cost by using multifunction pins and smaller pack­
ages to achieve this goal. Measurements through these 
multipurpose pins will typically yield full device capa­
bility against performance specifications, however these 
measurements are not included in the device specifica­
tions. This is done for two reasons: first, to save manu­
facturing cost by eliminating unnecessary tests and 
specifications, and, second, more cost effective manu­
facturing test techniques are available, as discussed in 
section 4.2. 



AP-142 

~') 
DCLKX 

TSXI 

TSRI 

NOTE: 

2913 HOOKUP 

~~ ~, -DCLKR 7 14 TSX/DCLKX-

DR [ 8 13p DX 

VCC 
GSx 

VFXI­

VFXI+ 
GRDA 

ASEL 

GSR 
P6N 

CLKSEL 

r--FSR{ 9 12P.FSX-
GRDD [~P CLKX. 

(1) One inverter per linecard. 

I 

2914 HOOKUP 

VBB 1 
PWRO+ 

PWRO-

GSR 

P6N 
CLKSEL 

LOOP 

SIG RI::: 
,DCLKR-C 9 

DR [ 10 

r--FS~-C 11 
GRDD[ 12 

VCC 
GSx 

VFXI­

VFXI+ 

GRDA 

=' x X-
16::J DX 

NC 
SIGx/ASEL 
is IDCLK 

15 ::rFSX-
14::J CLKX 
13::J CLKR 

210314-20 

Figure 12. Circuit Diagram Showing Connections Needed to Retrofit the 2913/14 
into Existing Variable Data Rate Systems 

Table 8. Multimode Testing for Each Level from 
Design to On-Line Operation 

• Design/Prototype Testing 

- Direct access to transmit codec inputs 

- Direct access to the receive filter input 
and the transmit filter differential out­
puts 

• Manufacturing Tests 
- Standard half channel tests for com­

bined codec/filters 

- Filter response half channel measure­
ments 

• Operation On-Line Tests 
- Analog loopback for testing PCM and 

codec analog highways 

- Redundancy checks with repeatable 
DX outputs 

Table 9 gives the input control pin values and the corre­
sponding functions assigned to the key test pins on the 
2914 for the design test modes. 

Transmit Coded (Encoder)-The transmit filter can be 
bypassed by directly accessing the differential input of 
the transmit encoder with an analog differential drive 
signal. Table 9 shows the control pin voltages and the 
input pins for this test. This test mode permits DC test­
ing of the encoder which is otherwise blocked by the 
AC coupling (low frequency reject filter) of the trans­
mit filter. 

Transmit and Receiver Filter-Tab,le 9 shows the con­
trol values that permit access to the differential outputs 
of the transmit filter and the single-ended input to the 
receive filter. The voltage difference between the trans­
mit filter outputs represents the filtered output that will 
be encoded. By driving VFxI (single ended or differen­
tially), the transmit filter response is obtained as a dif­
ferential output. The final stage is the 60 Hz reject filter 
which is a switched capacitor filter sampled at an 
8 KHz rate. When measured digitally (after the encod­
er), the filter characteristic is obtained directly: howev· 
er, when measured in analog, a sin, (roT12)/roT/2 cor­
rection factor must be included. 
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Table 9. 2914 Test Functions and Control Inputs for the Design Test Modes 

Input Pin Function (24-Pin) 
Test 

PDN DR 
Pin 9 Pin 17 Pin 18 Function 

DCLKR TSx/DCLKx SIGx/ASEL 

O-Vee O-Vee DCLKR TSx/DCLKx SIGx/ASEL Normal Operation 

VBB O-Vee - +VFX -VFX Encoder 

O-Vee VBB VFRI +VFXO -VFXO RCV, XMIT Filter 

NOTES: 
The terms used above are defined as: 
± VFX = Encoder Input 
±VFXO = XMIT Filter Output 
VFRI = ReV Filter Input 

The input to the receive filter first passes through a 
sample and hold. This is necessary to simulate the 
sin (wT /2)1 wT 12 characteristic that results from the 
decoder DI A output. The net result is a filter charac­
teristic that can be compared directly to the specifica­
tions. 

Start-up Procedure for Test Modes-To place the 
2913/14 in the test mode it is first necessary to operate 
the device for a few ms in normal operation. Then V BB 
can be applied to the control pins to select the desired 
test access. 

4.2 Production Testing 

While it may be convenient for the designer to have 
access to both the filter and the codec inputs and out­
puts during the design or evaluation phase the final 
product will always use the filter and codec circuits 
together with all signals passing through both on the 
way to or from the PCM highways. It therefore makes 
sense to perform all manufacturing measurements with 
the device configured in its normal operating mode, i.e., 
all measurements should be complete filterlcodec half 
channel measurements. This approach not only tests 
the combo as it will actually be used, but also saves 
time and money by eliminating separate measurements 
and correlation exercises to determine the full half 
channel performance. 

Since the transmission specifications of SID, gain 
tracking, and ICN all require measurements which are 
"in-band" or "filter independent," the codec functions 
can be easily tested using conventional half channel 
measurement equipment. The apparent difficulty arises 
in trying to fully measure the filter characteristics be­
yond the half sampling frequency of 4 KHz. In fact, 
this is not really a problem with today's computer­
based testing plus an understanding of the sampled data 
process which is discussed under "Filter Testing". 

ENCODER/DECODER TESTING 

Transmission specifications are AC-coupled in-band 
measurements when using either CCITT G.712.11 
methods I & 2 (white noise testing and sinusoidal test­
ing, respectively) or AT&T Pub 43801 (Sinusoidal 
Testing). The noise testing uses a narrowband of flat 
noise from 300 to 500 Hz to drive the filter/codec (ei­
ther in analog or the equivalent digital sequence for the 
transmit/receive channels, respectively). The resulting 
harmonic products are used to determine SID. Like­
wise, gain tracking is also determined from this signal 
input. Sinusoidal testing uses a tone at 1.020 KHz for 
SID measurements and gain tracking measurements. 
Idle channel noise measurements require the combined 
filter I codec since it has long been shown that separate 
measurements of filters and codecs are difficult to relate 
to the combined measurement (usually there is no spe­
cific relationship because of the non-linear properties of 
the encoderldecoder operations). Typically the fre­
quency response of ICN measurements is primarily de­
termined by the weighting filter (either C message or 
psophometric, which are both AC-coupled, bandpass 
type filters). 

The conclusion is that combined filterlcodec testing in 
no way limits the measurement of half channel trans­
mission parameters of SID, G.T., or ICN. 

FILTER TESTING 

Testing the filter response, of the transmit and receive 
. channels presents two separate test situations which, in 

some ways, are mirror images of one another. With the 
transmit side, signals may be introduced at any fre­
quency to test the filter response. At the output of the 
filter, the resulting signals are sampled at 8 KHz and 
digitized resulting in a sequence of PCM words repre­
senting the samples of filtered input signal. On the re­
ceive side, a digital PCM sequence of samples repre­
senting the driving signal is converted to an analog sig­
nal by the decoder and can be measured at the filter 
output in analog form. 
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Sampling Process-In both cases of testing the filter, 
the signal eventually is in a sampled form. Since the 
sampling rate is fixed at 8 KHz, all signals must be 
represented below 4 KHz (half the sampling frequen­
cy). This means that the PCM bit stream can only rep­
resent signals at frequencies below 4 KHz. If a signal 
above 4 KHz is sampled, those samples appear exactly 
as if the signal was at a frequency mirror imaged about 
4 KHz. Two examples include signals at 5 KHz and 
7 KHz which will result in samples that look like sig­
nals of 5-8 KHz = 3 KHz and 7-8 KHz = 1 KHz, 
respectively. 

Conversely, the sampling process produces replicas (ali­
asing) of the sampled signal around multiples of the 
sampling frequency. Therefore, if two signals are intro­
duced digitally representing I KHz and 2 KHz. there 
will also be frequency components located at 8 KHz = 
± 1 KHz and 8 KHz, = ± 2 KHz, and so on for all 
multiples of 8 KHz. Thus it is possible to generate fre­
quencies at arbitrary values after sampling by control­
ling the frequency of each signal within the 4 KHz in­
put band regardless of whether it is in analog or PCM. 

When an analog signal is sampled, the frequency com­
ponents generated are all of the same amplitude as the 
corresponding input spectral components. Therefore. 
on the transmit side, measurements made from the 
PCM data will nave a throughput gain of unity except 
where components are superimposed (e.g .• a 4 KHz in­
put signal will have an alias component at 4 KHz 
which may double the amplitude at 4 KHz when the 
two components are combined). 

When an analog signal is reconstructed from digital 
samples, it goes through a sample and hold st/lge which 
has the effect of imposing a weighting function on the 
resulting spectral components that is represented by 

. (CzlT) Sin -

Sinc [~T] = CzlT2 

2 

where Czl is the actual spectral component frequency 
going into the filter, and T is the width of the hold 
pulse at the decoder output. For the 2913/14, the ana­
log output is held the full sample period of 125 p.s 
(1/8000 Hz) so that a frequency component at ft will 
have a weighting of 

,(8000) . ['IT ft ] W = -- Sm --
'lTft 8000 

Transmit Filter Test Approach-Two approaches can 
be used for half channel testing of the transmit filter 
characteristic: (1) input analog test frequencies and per­
form an FFf on the corresponding PCM samples that 

6-20 

are generated to determine spectral frequencies and am­
plitudes at the codec output, or (2) use an "ideal" D/ A 
converter on the PCM samples to convert the digital 
data back to analog so that the spectral amplitudes and 
frequencies can be determied using analog circuits such 
as spectrum analyzers or filter banks. In either case, the 
effects of sampling will be the same. Figure 13 shows 
two spectral diagrams of amplitude versus frequency. 
The top'diagram represents the locations of nine test 
frequencies corresponding to the seven specified fre­
quencies in the 2913/14 data sheet plus a component at 
7 KHz and one at 10 KHz. The bottom figure shows 
the "equivalent" spectral component locations when 
carried in the PCM bit stream. As an example, frequen­
cy # 8 is located at 7 KHz. The corresponding PCM 
frequency is seen in the lower figure at 1 KHz. Note 
also that the analog component at 9 KHz (see #8·) 
would also generate the 1 KHz component in the PCM 
data. 

To test the filter, the desired test frequencies are intro­
duced in' analog to the filter input in such a way that 
there is no confusion as to where the resulting compo­
nent will be after sampling (i.e., don't simultaneously 
put in 1 KHz and 7 KHz since both of these inputs 
result in a 1 KHz component in the PCM data). Then, 
using either technique (FFf or analog) mentioned 
above, measure the amplitude of the corresponding 

o 2 3 4 6 8 9 10 FREO 
kHz 
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(b) PCM Representation of the Signals in (a) 

Figure 13. Spectral Properties of the Filter Test 
Frequencies in Analog and PCM 
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sampled component. The difference between that am­
plitude and the input amplitude repr!!sents the filter 
attenuation at the frequency of the input signal. So, if 
the signal was at 7 KHz, the FFT will determine the 
amplitude of the corresponding I KHz signal. The am­
plitude change relative to the input will represent the 
filter attenuation at 7 KHz. 

Receive Filter Test Approach-In this case, the PCM 
test signals can be generated directly from digital cir­
cuits or by going through an "ideal" A/D (companded) 
to generate the PCM samples. Since these samples rep­
resent frequencies below the half sampling rate, Figure 
12(b) now represents the input signals and 12(a) the 
output, but with one significant difference--a 
Sinc[7T fl/S000] weighting function is imposed on all 
the frequency components because of the decoder sam­
ple and hold output. At the filter output, the spectral 
component amplitUdes will include the effect Qf the fil­
ter response and the weighting function measured at 
the actual test frequency. The receive filter includes a 
compensation network for the weighting function in its 
passband. Therefore, inside the passband (300 Hz to 
3.4 KHz) the measured amplitudes should be compared 
directly to the data sheet specifications. Frequencies 
outside the passband must be compensated for the 
weighting function first to determine the true filter re­
sponse. 

Summary of Filter Testing-Table 10 lists the nine test 
frequencies shown in Figure 12 for both the transmit 
and receive filter testing. For each filter test, the input 
frequency (analog or PCM), measurement frequency, 
and test circuit gain is tabulated corresponding to the 

desired test frequency. The various weighting values are 
easily handled by computer-based test equipment since 
the inverse weighting function can be stored in the, 
computer and applied to each measured amplitude as 
appropriate. 

4.3 Operational On-Line Testing 

Two test modes 'are available which facilitate on-line 
testing to verify operation of both the combochip and 
the entire switching highway network. The first is sim­
ply the capability to duplicate the same Dx transmis­
sion in multiple PCM time slots (redundancy check­
ing), and the second is the analog loopback capability 
which allows the testing of a call completion through 
the entire PCM voice path including the time slot inter­
change network. 

Redundancy Checking-A feature of the 2913/14 is 
that the same S-bit PCM word can be put on the Dx 
highway in multiple time slots simply by holding the 
frame sync/data enable (FSx) high and continuing to 
supply clock pulses (CLKx or DCLKx). If the data 
enable was held high for multiple time slots, each time 
slot would have identical data in it. By routing this data 
through the PCM highways, time slot interchanges, 
etc., and then correlating the data between time slots, it 
would be possible to detect time slot-dependent data 
errors. When this test mode is used, no other data will 
be generated for the transmit highway until the frame 
sync returns low for at least one full clock cycle. 

Table 10. Filter Response Testing Input/Output Frequencies and Amplitude Gain Schedule 

Transmit Receive 
Test 
Freq. Input Measured Amp Input Measured Amp 

Freq. Freq. Weighting Freq. Freq. Weighting 

1 200 200 200 1 200 200 1 

2 300 300 300 1 300 300 1 

3 3000 3000 3000 1 3000 3000 1 

4 3300 3300 3300 1 3300 3300 1 

5 3400 3400 3400 1 3400 3400 1 

6 4000 4000 4000 o to 2 4000 4000 Oto 2 

7 4600 4600 3400 1 3400 4600 . [4600 7T] 
Sine 8000 

8 7000 7000 1000 1 1000 7000 . [7000 7T] 
Sine 8000 

9 10000 10000 2000 1 2000 10000 . [10000 7T] 
Sine 8000 
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Analog Loopback-The 2914 (2913 does not have this 
feature) has the capability to be remotely programmed 
to disconnect the outside telephone lines and tie the 
transmit input directly to the receive output to effect 
analog loopback within the combo chip. This is accom­
plished by setting the LOOP input to Vee (TTL high). 
The result is to disconnect VFxI + and VFXI - from 
the external circuitry and to connect internally 
PWRO+ to VFxI+, GSr to PWRO-, and VFXI­
to GSX (see Figure 14). 

With this test set up, the entire PCM and analog trans­
mission path up to the SLiC can be tested remotely by 
assigning a PCM word to a time slot that is read by the 
combo being tested. This' data is converted to analog 
and passed out of the receive channel. It is taken as 
input by the transmit channel where it is filtered and 
redigitized (encoded) back to PCM. The PCM word 
can now be put on the transmit highway and sent back 
to the remote test facility. By comparing the PCM data 
(individually or as a series of codes) the health of that 
particular connection can be verified. 
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Figure 14. SimplifIed Block Diagram of 2914 Combochlp In the Analog Loopback Configuration 
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