




















































































































































































































































































































































































































































































































































































































































selection data if the multiplexer data matches the setting of the 
module's multiplexer number select switches. The contents of these 
registers are transmitted to the output select circuit which also 
r e c e i v est hem od ul e' s rea d - 0 n 1 y d a t a from th e g en e ric cod e and 
multiple}~er gain registers. This circuit outputs the 
mul ti pI ex er / channel number data unl ess the GB IT Lor GA IN L s ig nal 
is asserted, in which case it will output information from one of 
those reqisters. The selected data is input to the DI gating 
section where it is strobed onto the D-bus by the LO GATE L and HI 
GA TE Lsi I;J nal s . 

FUSIBLE 

FIELO 
INTERFACE 

CONNECTOR 

r-___ ~DIO-41 

PROTECTION 

~D~BI~T ____ r-----~ENA 

EN B 
CHANNEL MO 

SELECT 
AND MI 

PREAMPLIFIER M2 
CONTROL M3 
SECTION 

SL 

TL 

r--------------------------~------~,'I 

015-71 G 
SELH-0 

CLOCK H_ 

MUXCLR H­
MUX I~O 

~~~---------------------------------
015-71 

DINIT-=D 
_MUX CLR H 

D MUX REL- D SYNC 

A3~ MUXCLRH 

DIOOIJ~L~WD MUX READY 
GO READY 

D MUX ST8------

MUXCLRH-

D ERROR-
AUTO ZERO-

SYS CLK------

110 

CONTROL 
SECTION 

--------------------------------

/D ERROR OUT 

~----------------------

-----------------------------

Figure 6-19-1 A156 Analog Multiplexer, 
Block Diagram 
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-15 V 

D 010-7) 

D SYS CLK 

D SYNC 

S MUX STROBE 

D INIT 

D MUX REL 

D AUTO ZERO 

D DOUT 

D DIN 

D ANA ERROR IN 

D ANA ERROR OUT 

D MUX READY 

D RPLY 

D DBIT 

D T81T 

D G81T 



Table 6-19-1 A156 Operating States 

Ci rcui t 
Config uration 

Mode State 
Switch Mux 
S T M A B 

Sampl e time 0 1 0 1 1 

DIFF Auto-zero time 1 1 0 0 1 

S END Sampl e time 1 0 1 1 0 
EVEN 
CHAN Auto-zero time 1 1 1 0 0 

SEND Sample time 1 0 1 0 1 
ODD 
CHAN Auto-zero time 1 1 1 0 0 

1 = on or enabled 
o = off or disabled 

Data Control Signals 
When the program writes an external multiplexer number and channel 
number to the analog subsystem's A2 address, the A/D converte( 
outputs the D MUX STROBE signal causing the multiplexer to decode 
its number and set its SEL flip-flop. (The SEL flip-flop is the 
module's data transaction enabling flip-flop; once set, it remainS 
set until D MUX REL occurs.) Thi s action causes the module to 
store the mul ti pl exer number and channel number data (Fig ure 
6-19-1) • 

When the program writes the GO bit in the subsystem's A3 byte, the 
selected module's GO bit is set. The GO flip-flop arms the READY 
fl ip- flop, which sets when the nex t system clock pul se occur s ~ 
This causes D MUX READY to be asserted, which indicates to the A/D 
converter module that the analog signal from the multiplexer will 
be valid on the next system clock pulse. On this clock pulse, the 
A/D accepts the analog data from the mul tiplexer and asserts D 
AUTO ZERO. Assertion of D AUTO ZERO disarms the READY flip-flop, 
which resets on the next system clock pulse, negating D MUX READY. 
Assertion of D AUTO ZERO also places the preamplifier in the 
auto-zero mode (Table 6-19-1) • 

When the program reads the A2 address of the analog subsystem, the 
multiplexer's I/O control section decodes the address byte, and 
when D DIN occurs, produces the HI GATE Land LO GATE L signals 
causing the module's multiplexer number and channel number to be 
put on the D-bus. If the A3 address is read, only the GAIN Land 
HI GATE L signals are produced. This puts the multiplexer gain 
code on the D-bus in bit positions 4-7. (The gain code for the 
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A156 module is zero.) At the same time, the AID modull~ supplies 
its status register contents in bit positions 0-3. 

Reading either the A2 or A3 byte with the GBIT asserted causes the 
module to place one of its generic codes on the D-bus .. The A156 
has diffe!rent generic codes for single-ended and differential 
modes. ThE~ MODE swi tch sel ec ts the prope r cod e. If e i the r the DB IT 
or TBIT is asserted, the module is placed in the auto-zero mode. 

When the ,VD module asserts the D MUX REL signal, the A156 resets 
its SEL and GO fli p-flops. 

Multiplexer Number and Mode Selection 
Th emu 1 tip 1 ex ern urn be ran d 0 per a tin g mod e ( d iff e r I~ n t i a lor 
single-ended) are selected on the module by the 4-pole switch, EI 
( Fig u r e 6 --1 9 - 2). An ex am pI e 0 f 0 ne po s sib 1 e m ul t i pI ex e r s e 1 e c t ion 
is shown in Figure 6-19-3 to illustrate the use of this switch. 

---
A1 
81 

50.49 

tillID] 
C1 

ON[]]] 
El t 

MUXNO.~ 'I A 

MODE 
OFF == SEND 

J1 V1 

2.1 8 

Vl 

Al 

C 

V1 

Al 

D 

~O~ ____________________________________ Vl~ 

MA·2176 

Fig ur e 6 -1 9- 2 A156 Analog Multiplexer Module 
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~I -----MUX NUMBER 4 

SELECTED 

r-"---1 
1 2 3 4 

ON~ 

E1 tLLLu 
BIT NO.---fII>7 6 5 I 

MUX NO. !! ~ L..-__ ~~~E DIFF 

* 0 0 0 

0 0 
2 0 1 

3 0 '1 

4 1 0 
1 0 

6 1 

1 

Figure 6-19-3 

0 

1 

0 
1 

0 
1 

0 
1 

OFF = SEND 

---SWITCH SETIINGS 

1 = ON 

o = OFF 

* NOTE: CODE ZERO IS USED ONL Y FOR THE AID CON· 
VERTER MODULE'S INTERNAL MULTIPLEXER, 
THEREFORE, THIS IS AN ILLEGAL CONFIGURA­
TION. 

MA-2156 

Multiplexer and Mode Selection 

Software Restrictions 

1. Once an A156 multiplexer 
external mul ti plexer cannot 
doing one of the following. 

has 
be 

a. Starting an AID conversion 

been selected, another 
selected without first 

b • Re ad i ng th e A0l 4 wit h th e R I Fbi t set in th e C S R 0 f 
the IOCM 

c. Causing a gain or channel error condition on the A156. 
mod ul e 

2. The A156 must not be written during a conversion; this 
causes erroneous results. 

3. The multiplexers are released at the end of a conversion; 
therefore, the multiplexer number, channel number, and 
gain registers contain invalid data and must be 
reprogrammed before another conversion is started. 

Generic Codes 
The generic code of the Al56 module is octal 322 for differential 
mode and 342 for single-ended mode. 
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Pin Conne'ct ions 
The A156 module pin connections for J1 the I/O cable connector are 
shown in Table 6-19-2. 

Table 6-19-2 Module A156 I/O Pin Connections 
-

Module Module 
I/O Field I/O I/O Field I/O 
Connector Channel Connector Channel 
Pin SEND DIFF Pin SEND DIFF 

-
1 00 +00 2 01 -00 
3 02 +01 4 03 -01 
5 04 +02 6 05 -02 
7 06 +03 8 07 -03 
9 10 +04 10 11 -04 

11 12 +05 12 13 -05 
13 14 +06 14 15 -06 
15 16 +07 16 17 -07 
17"'1 18 ""I 

19 20 

21 22 
23 24 
25 >'Common 26 >-Common 
27 28 
29 30 

31 32 
33 -' 34..,1 
35 20 +10 36 21 -10 
37 22 +11 38 23 -11 
39 24 +12 40 25 -12 

41 26 +13 42 27 -13 
43 30 +14 44 31 -14 
45 32 +15 46 33 -15 
47 34 +16 48 35 -16 
49 36 +17 50 37 -17 

Screw Terminal Connections 
The reader should refer to Chapter 3, Paragraph 3.8.5, for general 
field interface information. The A156 uses the BC40A screw 
terminal assembly. Refer to Table 6-19-3 for this module's screw 
terminal configuration. 
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Table 6-19-3 Module A156 Screw Terminal Connections 

BC4flJA Screw Terminal 

Screw 
Terminal 

Field Channel Number Number 

DIFF SEND 

+ 0 1 
0 1 2 

+ 2 3 
1 3 4 

+ 4 5 
2 5 6 

+ 6 7 
3 7 8 

+ 10 9 
4 11 10 

+ 12 11 
5 13 12 

+ 14 13 
6 15 14 

+ 16 15 
7 17 16 

Common Common 17 
Common Common 18 

+ 20 19 
10 21 20 

+ 22 21 
11 23 22 

+ 24 23 
12 25 24 

+ 26 25 
13 27 26 

+ 30 27 
14 31 28 

+ 32 29 
15 33 30 

+ 34 31 
16 35 32 

+ 36 33 
17 37 34 
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SPECIFICATIONS 
All specifications refer to the A156 when used in combination with 
the A0l4 AID converter. 

Power Requirements 
Vol tag e 

Operating current 
(AI 56 onl y) 

If the backup 
total operating 
Main supply: 75 
Backup supply : 

Standby current 
(bac kup suppl y) 
(A156 onl y) 

Input Characteristics 
Voltage range 

Input impedance 

Signal and common mode 
voltage capability 

Channel to channel 
offset 

Gain 

Overall accuracy 

Common mode rejection 

Conversion speed 

Ma ins u pp 1 Y : VS = 1 2 V d c ( + 2 0 r - 1 ) 
Vdc 
Backup supply: 14 Vdc > VB > 
(VS - 0 • 7) V d c 

79 rnA max imum 

NOTE 
supply is implemented, 
current is shared. 
mA maximum 
4 mA max imum 

25 rnA max imum 

-10.24 V to +10.24 V, 
1 LSB = +0.005 V 

Power on: > 50 M ohm 
Power off: 1000 ohm 

+12 V min imum 

+100 microvolts maximum 

Unity 

+3 LSBs at 25 degrees C 
~5 LSBs from 0 degrees C to 60 
degrees C ambient, max imum 

100 dB min 
(dc to 60 Hz with 1K source 
unbal anc e) 

69 microseconds average 
64 microseconds minimum 
74 microseconds maximum 

NOTE 
There is a 10 microseconds uncertainty 
due to the asynchronous relationship 
between start of a conversion and the 
system clock. 

6-19-8 



Bandwid th 

Protection 

Physical Characteristics 
Dimensions 

Field connector 

Environmental 
Characteristics 

Heat dissipation 

No limitation beyond conversion 
speed 

Input circuits are protected from 
field overvoltages by diodes to + 13 
V and by fusible resistors in serieS 
with each input. A 1 A fuse protects 
the circuit board etch in the event 
of circuit failure. 

Quad module, triple width, 8-1/2 
inch length 

Cable type BC40A or customer­
supplied 50-pin Berg connector 

Complies with DEC STD 102 Class C. 
operates in convection cooled 
environment up to 60 degrees C 
ambient. 

5 Bt u/hr max im urn 
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FUNCTIONAL DESCRIPTION 

A157 
WIDE-RANGE ANALOG MULTIPLEXER 

The A157 multiplexer module is used in the H333 I/O subsystem to 
provide programmable gain of field inputs to the AeJ14 A/D 
conver te r. The mod ul e accepts up to 16 d i ffe rent i al inputs tha t 
can be independently programmed for anyone of eight different 
gains. As many as seven of these modules may be used to provide a 
total of 112 programmable gain inputs. Provision is made for 
identification' of the module by reading its generic code. The 
module has fusible resistors and clamping diodes for input 
protection and switches for assigning the multiplexer number. 

DETAILED DESCRIPTION 
The following discussion of the A157 module is based on the 
assumption that the reader is familiar with the material in a 
preceding section, Analog Input Subsystem - General. 

A simplified block diagram of the module is shown in Figure 
6-20-1. The upper portion of the figure shows the multiplexer and 
preampli fier sect ion that sel ects an analog fi eld signal from J 1, 
applies the appropriate gain, and delivers it to the A014 via the 
D-bus. The lower part of the figure shows the data registers, 
D-bus interface circuits, and the module's major control 
functions. The following paragraphs contain detailed discussions 
of the major sections. 

Multiplexer/preamplifier 
The top left portion of Figure 6-20-1 shows that all channels 
(analog field signals) are input to the multiplexer via Jl, the 
field interface connector, and the fusible resistors. The fusible 
resistors, along with clamping diodes, provide protection from 
field overvoltage conditions. The channel selection controls cause 
the multiplexer to select a channel according to the contents of 
the channel number register. 

The selected channel is input to the preamplifier section which is 
configured to provide a gain according to the contents of the gain 
register. The input section of the preamplifier provides a gain of 
1 or 50, depending on the state of the G7 bit; the output section 
provides a gain of 1, 2, 4, 10, or 20 according to the state of 
bit s G (4, 6 , 7). S i nc e the t wo am pI i fie r s are c a sc ad ed , the 
overall module gain is the product of the input amplifier and 
output amplifier gains. Table 6-20-1 shows the manner in which the 
gains are derived. 
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Fig ure 6 -20-1 A157 Wide-Range Analog Multiplexer 
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Table 6-20-1 Gain Codes 

7 0 Input Output Overall 

J71615141=~~J 
Ampl ifier Ampl ifier Module 
Gain Gain Gain 

0 0 0 0 1 1 1 
0 0 0 1 1 2 2 
0 1 0 0 1 10 10 
0 1 0 1 1 20 20 
1 0 0 0 50 1 50 
1 0 0 1 50 2 100 
1 1 0 0 50 4 200 
1 1 0 1 50 20 1000 

The other gains ( those with G=5) are not impl emented on this: 
mod ule , and if selected will res ul t in an error. 

When the multiplexer is selected, the SEL L switch is closed and 
the preampl i fier output is connected to the A/D converter mod ul e 
v ia the DANA SIG and D ANA GUARD 1 ines on the D-bus. The other 
control signals for this section are prov ided by the channel 
select and auto-zero control section. Figure 6-20-2 shows the, 
detailed logic of this section. 

LO------------------------------- LO 

L 1 L1 

L2 L2 

L3--------------~~ ~~~ 
ENl 

EN2 

EN L 

AUTO ZERO 
T BIT 
OBIT ~---.----- ZE RO L 

SEL 
ZERO 0 L 

MA3137 

Fig ure 6-20-2 Channel Select and Auto-Zero Control 

Data·Paths 
Figure 6-20-1 shows three read-write registers that store the 
channel number, multiplexer number, and gain. The contents of 
these registers are transmitted to the output select circuit, 
which also receives the module's read-only data from the generic 
code register. This circuit outputs the multiplexer/channel number 
data unless the GBIT H or GAIN H signal is asserted, in which case 
it outputs information from one of those registers. The selected 
data is input to the DI gating section where it is strobed onto 
the D-bus by the LO GATE L and HI GATE L signals. 
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Data Control Signals 
When the program writes the multiplexer number assigned to an A157 
and a channel number to the analog subsystem's A2 address, the A/D 
converter outputs the D MUX STROBE signal causing that multiplexer 
to decode its number and set its SEL flip-flop. (The SEL flip-flop 
is the mod ul e' s data tr ansac tion enabl ing fl ip·- flop; once set, it 
remains set until D MUX REL or D INIT occurs.) This action causes 
the module to store the multiplexer number and channel number data 
(Figure 6-20-1) • 

When the program writes the gain and the GO bit in the subsystem's 
A3 byte, the selected module stores the gain data and sets its GO 
bit. The GO signal is input to a shift register, which after a 
delay of 10 to 20 microseconds, syncs the module to the system 
clock. On the second clock pulse after the assertion of GO, the 
shift re'9ister outputs the D MUX READY signal to the D-bus and 
drives the RESET one-shot. (The RESET signal synchronizes the 
module's charge pump to the conversion cycle to ensure that large 
cur r e n t sur g e son the po we r s u pp 1 Y bus e s dono toe cur d uri ng 
conversion time.) 

The D MUX READY signal indicates to the A/D converter module that 
the analog signal from the multiplexer is valid on the next system 
clock pulse. On this clock pulse, the A/D accepts the analog data 
from the mul ti pI exer and asserts D AUTO ZERO (refer to tim ing 
diagram, Figure 6-20-3). Assertion of D AUTO ZEHO to the 
multiplexer resets its GO flip-flop and places the preamplifier in 
the auto-zero mode as follows. 

l~ The multiplexers are disabled by EN H. 

2,. The holding capacitor is disconnected from the input by 
EN L (Figure 6-20-4) • 

3. The preamplifier plus and minus inputs are shorted by 
ZERO L. 

4.. The common mode vol tage is connected to the p:reampl ifier 
input by ZERO D L. 

Two clock pulses after the GO flip-flop is reset, the D MUX READY 
signal is negated. 

When the program reads the A2 address of the analog subsystem, the 
multiplexer's I/O control section decodes the address byte, and 
when D DIN occurs, produces the HI GATE Hand LO GATE H signals 
causing t:he module's multiplexer number and channel number to be 
put on the D-bus. If the A3 address is read, only the GAIN Hand 
HI GATE L signals are produced. This puts the multiplexer gain 
code on the D-bus in bit po si t ions 4-7. At the same t imE~, the A0l4 
module supplies its status register contents in bit positions 0-3. 
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RESET _____ -+--I 

D MUX READY ______ -1 

o AUTO::R: ________ ~(~:~ __________ _ 

ENL __________ ~(r------------
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MA 3138 

Figure 6-20-3 Auto-Zero Timing 

FROM 
MUL TIPLEXERS 

INPUT 
AMPLIFIER 

-.------------------.-------~ 

I 
I 

I I 
EN L --""'--__ J I 

~HOLDING I 
CAPACITOR 9 I 

ZERO D L ---<t>----------.J 

I 
I 
I 
I 
I 
I 
I 
I 
I 

ZERO L ---<t>--------------J MA 3124 

Figure 6-20-4 Auto-Zero Circuit 

Read ing ei ther the A2 or A3 byte wi th the GB IT asserted, causes 
the selected A157 module to place it.s generic code on the D-bus. 
If either DBIT or TBIT is asserted, the module is placed in the 
auto-zero mode. 

When the A0l4 module asserts the D MUX REL signal, the A157 resets 
its SEL and GO flip-flops, and clears its gain register. 
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Multiplexer Number and ATRl6 Power Selection 
The multiplexer number is selected on the module by the 4-pole 
switch, E30 (Figure 6-20-5). An example of one possible 
m u 1 tip 1 e:< ern urn be r s e 1 e c t ion iss h 0 wn i n Fig u r e 6 - 2 0 - 6 to 
illustrate the use of this switch. Only three of the switches 
select the multiplexer number; the fourth switch selects the ATRl6 
power option. (The ATR16 is an isothermal screw terminal 
assembly.) When the ATRl6 is being used, switch 4 of E30 must be 
on; when the BC40A screw terminal assembly or a uSE!r-provided 
termination is being used, this switch must be off. 

50.49 

J1 

2.1 

ItN~j IE30 
L-ATR16PWR 

L-I ---MUX NO 

c;::::e=] F 2 

A1 
B1 
C1 

MA-3269 

A 

B 

C 

I) 

Figure 6-20-5 Wide-Range Analog Multiplexer 
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ON~ 
E30 t L...LLu 

L BITNO.~ 7 6 5 

! ! 1 MUX NO 
* 0 0 o 0 

0 0 1 

2 0 1 0 

3 0 1 1 

4 1 0 0 

5 1 o 1 

6 1 1 0 

7 1 1 1 

SCREW TERMINAL 

{POWER OPTION 
ON = ATRI6 
OFF -= BC40A OR USER 

PROVIDED 
TERMINATION 

SWITCH SETTINGS 
1 =ON 
0= OFF 

* CODE ZERO IS USED ONLY FOR THE A014 MODULE'S INTERNAL 
MULTIPLEXER, THEREFORE, THIS IS AN ILLEGAL CONFIGURATION. 

** IF SWITCH 4 OF E30 IS INADVERTENTLY LEFT ON WHEN AN A 157 
IS USED WITH A BC40A, FUSE F2 WILL OPEN TO PROTECT THE 
SYSTEM +12 VOLT POWER SUPPLY. REPLACEMENT OF THE FUSE 
IS NOT NECESSARY UNLESS THE MODULE IS TO BE USED WITH 
AN ATR16 OR BC40L, AT A LATER DATE. 
WHEN SWITCH 4 OF E30 IS ON, +12 VOLTS IS PROVIDED ON 
PIN 25 OF J1. THIS IS FOR POWERING THE ATR16 OR BC40L ONLY. 
IT IS NOT AVAILABLE TO THE USER. WHEN USED WITH THE 
BC40L, THE ADDITIONAL LOAD MUST NOT EXCEED 95 mA. 

MA-3127 

Figure 6-20-6 Multiplexer and ATRl6 Power Select 

Software Restrictions 
1 • Th e A 1 57 reg i s t e r s m us t not b e w r itt end uri n g a 

conversion; this causes erroneous results. 

2. The multiplexers are released at the end of a conversion; 
therefore, the multiplexer number, channel number, an<il 
gain registers contain invalid data after this time and 
must be reprogrammed before another conversion is 
started. 

Generic Code 
The generic code of the Al57 module is octal 323. 

Pin Connections 
The Al57 module pin connections for Jl, the I/O cable connector 
are shown in Table 6-20-2. 
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APPLICATION INFORMATION 
The reader should refer to Chapter 3, paragraph 3.8.5 for general 
field interface information. The reader should also review the 
mater ial under the head ing Analog Fi eld Wi ring Pr ac tices can ta ined 
in the sc:!ction Analog Input Subsystems - General. 

NOTE 
A finite nonzero current flows into both 
inputs of the A157. It is the user's 
respons ib il i ty to prov ide a common mode 
return path for this current. For best 
performance and lowest noise, this 
return should be provided at the 
transducer end of the input cable. 

Table 6-2£?J-2 Module A157 I/O Pin Connections 

Module 
I/O 
Connector Field 
Pin I/O 

-
1 00 + 
3 01 + 
5 02 + 
7 03 + 
9 £?J4 + 

11 05 + 
13 06 + 
15 07 + 

17} 19 Common 

21 
23 
25 +12 V* 

27} 29 Common 

31 
33 
35 10 + 
37 11 + 
39 12 + 

4:1 13 + 
43 14 + 
45 15 + 
47 16 + 
49 17 + 

* Fa r ATR 16 anI y 

Mo 
1/ 
Co 
pi 

2 
4 
6 
8 

10 

12 
14 
16 

dule 
o 
nnector 
n 

18" 
20 

22 
24 
26 
28 
30 

32 
34 
36 
38 
40 

42 
44 
46 
48 
50 

6-20-8 

Field 
I/O 

00 -
01 -
02 -
03 -
04 -

05 -
06 -
07 -

Common 

10 -
11 -
12 -

13 -
14 -
15 -
16 -
17 -



The A157 uses the BC40-A screw terminal assembly as configured in 
Table 6-20-3. 

Table 6-20-3 BC40A Screw Terminal Configuration 
for the Al57 Analog Multiplexer 

A157 
Field Screw 
Bit Terminal 
Number Number 

00 + 1 
2 

01 + 3 
4 

02 + 5 
6 

03 + 7 
8 

04 + 9 
10 

05 + 11 
12 

06 + 13 
14 

07 + 15 
16 

Common 17 
Common 18 
10 + 19 

20 
11 + 21 

22 
12 + 23 

24 
13 + 25 

26 
14 + 27 

28 
15 + 29 

30 
16 + 31 

32 
17 + 33 

34 
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SPEC IFICA~rIONS 
All specifications refer to the A157 when used in combination with 
the A014 AID converter. 

Power Requi rements 
Vol tag e 

Operat i ng cur rent 
(A157 onl y) 

Main supply: VS = 12 Vdc (+2 or -1) 
Vdc; 
backup supply: 14 Vdc > VB > 
(VS - 0. 7) V d c 

255 rnA max imum 

NOTE 
If the backup supply is implemented, 
total operating current is shared. 
Main supply: 250 rnA maximum 
Backup supply: 5 mA maximum 

Standby current 
(bac kup s uppl y) 
(A157 onl y) 

Input Character ist ics 
In pu t im ped anc e 

Signal plus common mode 
voltage capability 

Gain 

Acc uracy 

3 rnA max imum 

Po we ron: > 5 0 meg 0 hm s 
Po we r 0 f f: 100 0 0 hm s 

Voltage Max imum 
Range Signal+CMV 

Gain (Vol ts) (Vol ts) 

1 +10. 24 +12 
2 + 5.12 +12 

10 + 1.024 +12 
20 - 0.512 +12 + 
50 + 0.2048 +" 7 

100 + 0.1024 + 9.5 
200 + 0.0512 +10.75 -1000 + 0.01024 +11.75 

LSB 
(mV) 

5 
2.5 
0.5 
0.25 
0.1 
0.05 
0.025 
0.005 

1, 2, 10, 20, 50, 100, 200, or 1000 
prog r ammabl e 

+[2 +(0.008 X gain)] LS13s at 25 
degrees C 
+[4 +(0.008 X gain)] LSBs' from 0 
degrees C to 60 degrees C ambient, 
max imum 

NOTE 
This includes gain and offset errors 
which can be adjusted to zero. 

Channel to channel offset 20 microvolts 
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Common mode rejection 

Conver s ion speed 

85 dB minimum 
(DC to 60 Hz with 
unbal anc e) 

79 microsecond average 
74 microsecond minimum 
84 microsecond maximum 

NOTES 

1K source 

1. There is a ten microsecond 
uncertainty due to the asynchronous 
relationship between start of a 
conversion and the system clock. 

2. Conversion speed and accuracy 
spec ifications are independent of 
the order of channel selection. 

Bandwid th 

Pro tect ion 

Physical Characteristics 

Dimensions 

Field connector 

Environmental 
Characteristics 

Heat dissipation 

No limitation beyond conversion 
speed 

The input circuits are protected 
from field overvoltages by diodes to 
+13 V and by fusible resistors in 
ser ies wi th each input. There are 
two 0 n e Am p f use s. On e pr 0 te c t s the 
circuit board etch in the event of 
c h a r g e p u m p c i r cui t fa i 1 u r e. Th e 
other protects the ATR16 power 
suppl y (see tex t) • 

Quad module, triple width, 8-1/2 
inch leng th 

Cabl e type BC40A, c ustomer- suppl ied 
50 pin Berg, or ATR16 

Complies with DEC STD 102 Class C 
Operates in convection cooled 
environment up to 60 degrees C 
ambient 

14 Bt u/hr max im um 
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NCTIONAL DESCRIPTION 

A~20 

HIGH COMMON MODE 
AID CONVERTER 

e A020 is an isolated, 14-bit plus sign, selectable gain, analog to 
gital converter. It is used to acquire analog field signals for I/O 
bsystems where a high degree of isolation from common mode voltages 
st be maintained. A built-in, program-controlled, mercury-relay 
Itiplexer selects one of a possible If) two-wire or 8 three-wire 
alog field inputs. Provision is made for reading the generic code 
d for disabling all field inputs. Additional features include 
ries fusible resistors to protect the module's input circuitry and 
'itches for address and range selection. 

WARNING 
The A~20 module uses mercury-wetted 
relays. Al though these components have 
metal cases, they contain glass capsules 
containing mercury and a gas under high 
pressure. Consequently, these modules 
are not as resistant to mechanical abuse 
as might otherwise be expected. The 
modules should NOT be subjected to 
unnecessary shock. 

MERCURY IS A TOXIC SUBSTANCE. If a 
module is advertently dropped, or 
otherwise mistreated, it should be 
exami ned ca ref ully to dete rmi ne if any 
of the relay capsules have broken. If 
ANY ev idence of mercury is detected on 
the outside of a relay case (this 
usually appears as a dull film on the 
relay, usually at the seam between the 
base and the metal case), the module 
should be set aside. Repairs should only 
be effected by technicians familiar with 
the precautions necessary for handling 
mercury. 

GENERAL DESCRIPTION 
Th e A02 0 con t a ins ani n put m u 1 tip 1 ex e r, an A/D con v e r t e r, and a 
D-bus data interface (Figure 6-21-1). The input multiplexer and 
A/D converter are isolated from the rest of the module and operate 
at field potential. This allows direct connections to high common 
mode field inputs. Isolation from any input to ground is +500 
volts peak, as is the isolation between any two inputs. 

The module has switches that allow the user to select among 
fourteen available ranges to accommodate different signal levels. 
Two of these ranges can be selected on a given module (i.e., some 
channels can utilize one of the fourteen ranges and the remaining 
channels another). 
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Two of the module's data reg isters contain the A/D converter's 
output which is 14 magnitude bits plus a sign bit and an overrange 
bit. Ot her data reg i ster s conta in sta tus, add ress, and g ener it 
code da ta. 

DETAILED DESCRIPTION 
The module consists of two printed circuit boards assembled in ,a 
mother-daughter configuration (Figure 6-21-2). The heavy dashed 
line in Figure 6-21-1 shows how the module's circuits are divided 
between the two boards. The daughter board (54-13442) contains the 
input multiplexer and the analog part of the AID converter. The 
mother board (54-13729) contains the data registers, interrup:t 
control circui ts, mul tipl exer control circui ts, the remainder oif 
the AID converter circuits, and the D-bus interface. 

Since the A/D converter circuits are divided between the tw:o 
c i rcui t boards, it is necessary to have a few in terconnecting 
control lines (Figure 6-21-1). Detailed descriptions of the tWo 
boards is simplified if the reader is first familiarized with the 
following discussion of the conversion process utilized. 

AID Conversion Process 
The AID converter on this 
A typical converter of 
comparato r, a clock, and 
and operates as follows. 

module is a dual-slope integrating type. 
this kind contains an integrator, a 
some control circuitry (Figure 6-21-3) 

At the beg inning of a conversion cycle, the swi tch is in the Vin 
position. It remains in this position until the counter counts a 
predetermined number of clock pulses (a fixed interval of time" 
Tref - Figure 6-21-4). At the end of this time, the integrator 
output voltage has a value that is proportional to the averag:e 
value of the input over the interval. That is 

where: 

Vin Vo =RC Tref 

Vo = 
Vin = 
Tref = 
RC = 

the integrator output voltage 
the input voltage 
the sampling period 
the circuit time constant 

The switch is now connected to the Vref position. and 
simultaneously the counter is reset to zero. The integrator output 
now starts to decrease because Vref has a polarity opposite to 
that of Vine At the same time, the counter starts counting again 
from zero. Since Vref is a constant, the integrator output always 
decreases with the same slope no matter what value it has at the 
time Tref. When the output of the integrator again reaches zero, 
the comparator output changes state and the counter is stopped. 
Since the charge gained by the integrator in time Tref is equal to 
the charge lost in time t, it follows that -
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Figure 6-21-2 A020 AID Converter Module 
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Figure 6-21-3 Simplified Dual Slope Converter 
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REJECTS LINE FREQUENCY 

EQUAL TO Tr~f 
SLOPE DEPENDS 
ON Vin 

-Vref 

,6t .Vin 

Tref Vref 
14----,6 Tref --+I"IJ.----i:l. t3--+i 

To Tref 

Figure 6-21-4 Dual Slope Converter Time Voltage Relationships 

~~n Tref = ~~ef6t 

The circuit time constant is the same in each case, so -

Vi n Tre f = Vre f 6 t 

Vin 
Vref 

6t = 6count 
= =T-r-e-:f~ full coun t 

Therefore, the number in the counter is a binary representation of 
the input voltage. 

The dual-slope integrating type of converter was chosen for the 
A020 because it exhibits excellent accuracy, linearity, and 
res 0 1 uti 0 n c h a r act e r i s tic s, and i sid e a 1 for ins t r urn en tat i 0 h 
applications. Further, integration inherently provides high 
frequency noise immunity and virtually total rejection of signals 
with periods equal to or multiples of the integration time. This 
is due to the fact that signals with that period will average out 
to zero over the sampling period (Figure 6-21-4). 

Most converters of this type have an input integration time equal 
to the period of the power 1 ine frequency, since that is usually 
the most troublesome inter fer ing signal. The A020 has swi tche,s 
that allow selection of a 16-2/3 ms or a 20 ms integration time 
for rejection of power line frequencies of either 60 or 50 Hz 
respectively. 
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Daughter Board 
The A02'~ daughter board (54-13442) contains an input :nu1tip1exer, 
the A/D converter analog circuits, and the ranqe selector 
switches. These are isolated from the rest of the module and 
ope rat eat fie I d po ten t i a 1 • Par t 0 f the con t r 0 1 c i r cui try for 
channel and range selection is also present on the dauqhter board, 
and is at I/O subsystem potential. The division of potential is 
indicated by the heavy dashed line in Figure 6-21-5 and is for the 
purpose of isolating high common mode field voltages from the rest 
of the subsystem. 

Channel Multiplexer - This is a relay multiplexer and is therefore 
electrically isolated from the channel select controls, which are 
at I/O subsystem potential. The mul tiplexer is configured to 
select one of the sixteen 2-wire or eight 3-wire field inputs via 
selector switch E6-5. All multiplexer input lines are protected by 
fusible resistors. 
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AID Converter Analog Ci rcui ts - Th i sis a seal ed un it wh ich i $ 
isolated from the I/O subsystem ground potential and operates att. 
whatever field common mode potentials are present (up to 500 V 
peak). A block diagram of the unit is shown in Figure 6-2l-6~ 
Selected channel inputs from the multiplexer are adjusted by the 

909K 
(25).1 N 1 -"VV~-r--"""'" 

(24).IN 2-vv"~ 
100K 

(23).IN 3 

(22) .SIG RETURN 
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(19) __ ------4----------' 
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(16). F 
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(11). A 
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------ISOLATED V- OUT ..... (7) 

~r----ISOLATED RTN -e(8) 

MA4799 

Figure 6-21-6 Isolated, Selectable Range Integrating Converter 

input attenuator and/or preamplifier shown so that the input to 
the integrator is within a +2.5 V full-scale range. Attenuation 
and preamplifier gain are selected by external switch settings. 
When input and reference integrations are completed, internal 
control circuits output POL/EOC (polarity/end of conversion;) 
p u 1 s est h r 0 ug his 0 1 a t ion t ran s for mer s toe x t ern a 1 con t r 0;1 

circuits. Timing is controlled by isolated CLK ADV (clock advance) 
and RESET inputs as discussed in a later paragraph. 

The analog section also contains its own power supplies which are 
powered by but isolated from the module's +12 V power. 

Mother Board 
The data registers and their control circuits on the mother board 
resemble those of other four address D-bus modules (Figure 
6-21-1). Also shown are the channel select queue, a frequency 
synthesizer, and the counter circuit. These are discussed below. 

Channel Select Queue - Throughput of the A020 is optimized by 
having the module keep track of not only the channel actively 
being converted, but also the channel that is to be converte.d 
next, and the one most recently converted. This is accomplished by 
a set of five registers that store this information (Figure 
6-21-1) • 
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Al though there are five reg isters in the channel select queue, 
there are never more than four channel numbers stored at any given 
time. Tr.lis is because the HOLD and CONVERTED reg ist.ers contain the 
same number during input integration, and the LAST and NEXT 
registers contain the same number during reference integration. 
The following is a description of the contents of the five 
registers. 

1. 

2. 

Last Program Channel Register - A read/write register 
that contains the last channel number written to the 
mod ul e. 

Next Channel Register An internal register 
con ta ins the channel number 0 f the input signal 
in teg rated nex t. 

tha t 
to be 

3. Active Register - An internal register that contains the 
channel number of the input signal being integrated. 

4. Hold Reg ister An internal reg ister that holds the 
channel number of the signal just integrated until it is 
evaluated and the results transferred to the data 
reg i ster • 

5. Converted Channel Register - A read-only reqister that 
contains the number of the channel for which conversion 
is complete and data is available. 

Integration Timing Ci rcui t To ensure max imum rE!j ection 0 f 
i n t e r fer en c eat po we r 1 in e f r e que n c i e s 0 f e i the r 6 0 0 r 5 0 Hz, 
input integration times of 16-2/3 and 20 ms are implemented on the 
A020. Integration time is determined by decoding the output of the 
counter and is changed by selecting a different decoder output and 
co un t e r c 1 0 c k f r e que n c y • To 0 b t a ina c cur ac y and s tab i 1 i t y, c 1 0 c k 
frequencies are phase locked to the I/O Subsystem's 
crystal-controlled 100 kHz system clock. 

The A020 is shipped with the 16-2/3 ms integration time selected 
(for 60 Hz rejection). If site conditions require' a 20 ms 
integration time (for 50 Hz rejection), the user may select that 
option; however, he must also recalibrate the A/D converter. 

Counter and Timing Circuit The counter on the A020 module 
provides the timing for the A/D converter cycle as well as the 
data output of the A/D converter. A conversion cycle (Figure 
6-21-7) begins with the RST A/D (reset A/D) pulse. Aft.er a delay 
of 2 ms the counter is reset, and an A/D eLK ADV (A/D clock 
advance) pulse occurs. This begins the input integration period of 
the A/D, and starts the counter again. 
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Figure 6-21-7 Conversion Cycle Timing (60 Hz Timing Shown) 

The counter counts a number of clock pulses corresponding to the 
desired integration time (16-2/3 or 20 ms, for 60 or 50 Ha 
respectively). When this count is reached, a second A/D CLK ADV 
pulse is produced. At this time, a POL (polarity) pulse will occur 
if the input is negative. Four microseconds after the second A/D 
CLK ADV pulse, the counter is again reset. This produces a third 
AID CLK ADV pul se. At thi s time, in teg rate input time end s, the 
counter restarts, and integrate reference time begins. 

Integrate reference time continues until the AID comparator input 
reaches zero. The comparator output will then change state causing 
the AID to output the EOC (end of conversion) pulse. At this time, 
the counter is halted; its contents, which is a binary 
representation of the analog input signal, is transferred to the 
data register, and the counter resumes counting. When the countet 
reaches full scale, corresponding to an elapsed time of 8-1/3 or 
10 ms (60 or 50 Hz), another RST A/D pulse occurs, denoting the 
start of a new conversion cycle. 

Of the sixteen data register bits, fourteen bits (0-13) represent 
normal range data; a fifteenth (bit 15) is set if the input signal 
is in excess of the AID converter's range as determined by the 
selected gain. A sixteenth (bit 14) is set if the POL (polarity) 
pulse occurs, indicating a negative input signal. 
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SOFTWARE INTERFACE 
The A020 occupies four byte addresses on the D-bus. The data sent 
from the A020 to the computer can be one of six bytes determined 
by the two LSBs 0 f the add ress, t.he GB IT signal, and the ADDR 
signal as listed in Table 6-21-1. 

Table 6-21-1 Data Registers 

7 ~ 

MAGNITUDE 
DATA J 

~~_~_~_~_~_~S_i_~.J_n __ l_l_3 ___ M_A_g_~_~_r_U_D_E _____________ 8 ~ 
CONVERTED DATA 

CHANNEL CHANNEL 
LAST PROGRAM ] 

J.-.---J.-__ _ 

~ 
Data 

0 Over- Error Done Ac 
Run 

I ______ . ______ G __ CO_D_E _________ ~I 

C ADDRESS 0 0J 

x = don't care 

Data Definitions 

Bit 1 Bit 0 

0 0 

0 1 

1 0 

1 1 

X X 

X X 

G Bit ADDR 

0 0 

0 0 

0 0 

0 0 

1 0 

X 1 

Output Data Coding - Sign + Magnitude - Sign bit is asserted for 
negative data. Magnitude is true binary. 

Overrange' Bit - Asserted when input is greater than Full Scale 
Range selected for that channel. Output data is therefore invalid. 

Busy - When asserted, indicates channel queue is full and module 
cannot accept any new channels. 

Done - Asserted when a conversion has been completed and data is 
available.* 

Error - J'l.sserted when there has been an attempt to prog ram a new 
channel into a busy device, or an invalid channel (>17 octal for 
2-wire mode, >7 for 3-wire mode) has been programmed .. The A020 
will not accept the new channel under these conditions.* 
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Data Overrun - Ind icates prev ious data was not retr ieved by the 
processor before new data was available. The new data is lost, as 
are all channel convert commands subsequent to the converted data 
channel.* 

Active Asserted whenever a channel is written. Negated one 
conversion cycle after channel queue is empty. 

PROGRAMMING INFORMATION 
To read one of the A020 analog inputs, write its channel number in 
the last four bits of the third byte. Since inputting a channel 
implies a desire to convert on that channel, no separate GO bit is 
provided. When the A020 interrupts, read its data registers. 

If the A020 is operated in the mode of converting one channel at ~ 
time, each conversion may take up to 74 ms. Operation at maximu~ 
speed requires a continuous conversion and channel switching 
cycle. To accompl ish this, the A020 can store up to fo ur channel s:: 
two channels waiting to be converted, one that is actively being 
converted, and one representing the converted channel for whicih 
data is available in the data registers. To use the A020 mos,t 
efficiently, first program two channels and wait for an interrupt. 
When the module interrupts, read the data registers and program 
two more channels. Subsequen tly, one new channel sho uld be 
programmed after each interrupt and data read cycle. This sequenc:e 
may be implemented by simply loading in channels at all times 
until the busy bit comes up. This mode allows up to 36 conversion~ 
per second with 60 Hz operation. Up to 31 conversion per second 
are possible with 50 Hz operation. 

Assertion of the D-bi t opens all input relays, allowing a tes't 
voltage to be applied via TPI and TP2 without disconnecting field 
inputs. The T-bit is not used on the A020. 

The processor will trap if an attempt is made to write any othe.r 
byte than the third. 

Gener ic Code 
The A020 may have one of two generic codes depending on the 
position of the MODE switch (E6-5).. The location of the MOD:E 
switch is shown in Figure 6-21-9. 

The codes are as follows. 

324 for the 2-wire mode (switch OFF) 
304 for the 3-wire mode (switch ON) 

* Re set by RIFi ng the mod ul e. The 1 ast step in retr iev ing data 
should be to read the status word (fourth byte) with the RIF bit 
se t in the CSR 0 f the IOCM. The contents 0 f the status wo rd 
tells the program if any condition exists that invalidates the 
data just read. 
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FUNCTION SELECTOR SWITCHES 
The mod ul e' s swi tches are configured by the user to sui t the 
application as follows. 

Add ress Sc~l ect 
The four A020 addresses are selected on the module according to 
the rules stated in Chapter 4. They are selected on the module by 
swi tc hes lE:60-l throug h E60-6 shown in Fig ure 6 -21-8 ~ An exampl e 0 f 
one possible selection is shown in the figure. 

50/60 Hz Bel ec t 
In teg ration time is determ ined by swi tches E60-·7 and E60-8 or by 
E60-9 and E60-l0 (Figure 6-21-8). Only two of these switches may 
be on at any given time. If 60 Hz 1 ine frequency re~1 ection is 
desired, turn on switches E60-7 and E60-8. If 50 Hz rejection is 
desired, turn on E60-9 and E60-l0. 

ATRl6 Power Select 
Switch E6-l0 (Figure 6-21-8), when on, selects the A~~R16 power 
option. (The ATR16 is an isothermal screw terminal assembly.) 

Mode Selec:t 
Wh ens wi t c h E 6 - 5 ( Fig u r e 6 - 2 1-8 ) i S 0 f f , the A 0 2 0 Ls se t for 
sixteen channel 2-wire operation. When E6-5 is on, the A~20 is set 
for eight channel 3-wire operation. In this mode, the upper eight 
channel s ,are swi tched in par all el wi th the lower e igh t channel s; 
that is, addressing channel 0 simultaneously switches channel 10, 
channel 1 and channel 11 switch together, etc. The negative 
terminal of channels 10 through 17 are used as third wire (shield) 
inputs; the positive terminal of these channels should be left 
open. The shield input switches somewhat earlier than the two 
signal inputs and therefore switches all the common mode 
potential .. This feature is useful when the three-wire mode is used 
with input filters so that commmon-mode switching transients 
through the filter capacitors are reduced. 

Shield Switch 
When E12-9 (Figure 6-21-8) is on, the high voltage shield is 
connected to the low side input of the AID converter. This swi tch 
should always be ON when the A020 is in two-wire mode. In 
three-wire mode, the switch should generally be off when using 
shielded inputs, but on when using input fil ters. (Re fer to 
application notes.) 

Internal Filter Switch 
When E12-10 (Figure 6-21-8) is on, a capacitor is connec'ted across 
the inputs of the AID converter. This capacitor provides high 
frequency filtering and is also used to implement open 
thermocouple detection. (Refer to applications information below.) 
This switch should be on at all times except if external filters 
are used, when it should generally be off to avoid errors due to 
charge dumping (appearing as interchannel crosstalk). 
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IS USED WITH A BC40A, FUSE F1 WI LL OPEN TO PROTECT THE 
SYSTEM +12 VOLT POWER SUPPLY REPLACEMENT OF THE FUSE 
IS NOT NECESSARY UN LESS THE MODU LE IS TO BE USED WITH 
AN ATR16 OR BC40L AT A LATER DATE. 
WHEN SWITCH 10 OF E6 IS ON, +12 VOLTS IS PROVIDED ON 
PIN 25 OF J1. THIS IS FOR POWERING THE ATR16 OR BC40L ONLY. 
IT IS NOT AVAILABLE TO THE USER. WHEN USED WITH THE BC40L, 
THE ADDITIONAL LOAD MUST NOT EXCEED 145 mA. 

1 2 3 4 5 6 7 8 9 10 

E6 III I II II I I I 

FIRST SWITCH # 
GAIN B SETTINGS 
CHAN NO. 1 121314 

0 0 0 0 0 
1 1 0 0 0 
2 o 1 0 0 
3 1 1 0 0 
4 0 0 1 0 
5 1 o 1 0 
6 0 1 1 0 
7 1 1 1 0 

10 0 0 0 1 
11 1 0 0 1 
12 0 1 0 1 
13 1 1 0 1 
14 0 0 1 1 
15 1 0 1 1 
16 0 1 1 1 
17 1 1 1 1 

MA-5248 

Figure 6-21-8 A020 Module Switch Functions 
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Range Select Switches 
The AQl2~i ha s fo ur teen full sc al e input rang es. The use r can sel ec t 
a single range for all channels or he may select two ranges and 
have one set of consecutive channels operate on one (range A) and 
the remainder on the second (range B). 

There are switches to select the two ranges (Figures 6-21-9 and 
6-2l-1Q1), and to select the point at which the range changes from 
A to B (Figure 6-21-8). Because of the way attenuation and gain 
combinations are used to implement the different ranges, some 
rang es c an be sel ected in more than one wa y. The recommend ed 
swi tch s:et t ing s are shown in Fig ure s 6 -21-9 and 6 -21-1 QI. Channel s 
zero through seven are calibrated at the factory on the +5 V range 
(range A.). Channels ten through seventeen (octal) are calibrated 
on the +5Q1 mV range (range B). If the user selects other ranges, 
he must-- recal ibrate the AQl2Q1.. However, the user may change the 
range transition point without recalibrating. 

To use a singl e range for all channels, do the following. 

1. 

2. 

Select the desired range with the switches for 
using switches E12-1 through E12-6 and E13-8 
E13-1Q1 (Figure 6-21-1Q1). 

Set the range AlB boundary at channel zero by 
switches E6-1 through E6-4 off (Figure 6-21-8). 

To use two ranges, do the following,. 

range B 
thro ugh 

turn ing 

1. Select range A using switches E12-7 and E12-8, and E13-1 
t h r 0 ug h E 13 -7 ( Fig u r e 6 - 21-9) • 

2. Select range B with switches E12-1 through EI2-6, and 
E13-8 through EI3-lQl (Figure 6-21-lQl). 

3. Set the range AlB bo undary to the lowest n umbered range B 
channel number (Figure 6-21-8). All channel numbers less 
than the boundary number will be range A; all channel 
numbers equal to or greater than the boundary number will 
be range B. 

Calibration 
Th e AQI 2 QI i s cal i bra ted at the fa c to r y for the + 5 V ran g eon the 
lower channel s (gain range A), and the ±.5Q1 mV range on the upper 
channels (gain range B). These were chosen both as representative 
high and low level ranges for intensive testing at the factory and 
as reasonable full scale range selections for a wide range of 
applications. If other ranges are desired they must be reselected 
and recalibrated. Calibration is done with software assistance. 
The calibration procedure is included with the diagnostic software 
package. The adjustments mentioned in the diagnostic (gain and 
offset) are identified in Figure 6-21-2. A Precision Voltage 
Source, EDC model VS-lIN or equivalent, will be required. 
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FULL 

SCALE 
RANGE 

VOLTS 

50 
25 0 
20 0 
10 0 

5 
2.5 1 
2 1 

1 
0.5 0 
0.2 1 
0.1 1 
0.05 1 
0.02 1 
0.01 1 

1 
1 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 

12345678910 

E12 I II I I II 1111 
~ 

12345678910 

E13 I I I I I I I I I II 
~ 

1 0 0 1 
0 1 0 1 
1 0 1 0 1 1 
0 1 1 0 1 1 
1 0 0 1 1 1 
0 1 0 1 1 1 
1 0 1 0 1 1 
0 1 1 0 1 1 
0 1 1 1 1 0 1 
1 0 1 1 0 1 
0 1 1 1 0 1 
0 1 1 1 1 0 1 
1 0 1 1 0 
0 1 1 1 0 T' t. O~ OFF = GAIN SELECTED 

J1 0 = ON/OFF = 2:1 ATTEN to 1 = OFF/ON = NO ATTEN 

{
o 1 = OFF/ON = 10:1 ATTEN 

~------ 1 0 = ON/OFF = NO ATTEN 
MA-4801 

Figure 6-21-9 Full Scale Range A Selections 
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FULL 
SCALE 
RANGE 

VOLTS 

50 1 1 
25 1 1 
20 1 1 
10 1 1 

5 1 1 
2,5 1 1 
2 1 
1 1 
0,5 0 1 
0.2 1 0 
0.1 1 0 
0.05 1 0 1 
0.02 0 1 
0.01 0 1 

'i 

l-;;~--;--~~l 
E12 I I I I I I I ITQj 

"--v---' 

", 

,,/'1 
""," 1 

",,,'" I 
I I 
I III"I Fl 

J15 I IIlJ 

~
: I~ : I E6 
I I 
I 1 
I I 
1 ...... "'1 J 

.----~ R1
L1
S ","" r1 O~I/~' ",/,/ 

1 
1 
0 
0 
1 
1 

0 
0 
1 
1 
1 
1 

~S9~ 
E13~JJJJ~ 

0 1 0 0 1 
0 1 0 1 0 
0 1 1 0 1 
0 1 1 1 0 
1 0 0 a 1 
1 0 0 1 0 
1 0 1 0 1 
1 0 1 0 
0 1 1 0 
1 0 1 a 1 
1 0 0 
1 0 1 0 
1 a 1 0 1 
1 0 1 1 0 

R19 
R17 Ell 

11111 

1111111 

I '---y--J V'-r-' L-.._{ 0 1 =: OFF/ON = 2:1 ATTEN 
1 0 =: ON/OFF = NO ATTEN 

L-.-_--I ____ .. { 0 1 = OFF/ON = 10:1 ATTEN 
1 0 = ON/OFF = NO ATTEN 

o = OFF = GAIN SELECTED MA-4B02 

Figure 6-21-10 Full Scale Range B Selections 
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To ensure compl iance wi th speci fications, all test equi pment used 
for calibration of the A020 must have been accurately and recently 
calibrated. In addition, personnel doing the calibration should be 
fam il iar wi th al ig ning analog equi pmen t. If yo u a re not sur e of 
the foregoing, DO NOT ATTEMPT TO CALIBRATE THE A020. Factory 
calibration is probably better than that which you will be able to 
accomplish. 

The input amplifier is arranged as shown in Figure 6-21-11. 
Vol tage 1 imi t constraints are +5 V max imum at the input to the 
major gain block; the output of the entire section is scaled to 
+2.5 V full scale. Whenever the input divider is used the input 
Tmpedance drops to 1M ohm. 

possible full scale ranges selectable at the switches therefore 
include the following: +50 V, +25 V, +20 V, +10 V, +5 V, +2.5 V, 
+2 V, +1 V, +500 mV, +200 mV, +100 mV, -+50 mV,- +20 mV--; and +10 mV. 
In addftion,-sufficient range is provided in the gain pots so that 
all these ranges can be multiplied by 1.024. This has the 
advantage that it makes the bit weights decimal multiples of the 
familiar and easily remembered powers of two. 

Some examples of input voltages versus output codes are listed in 
Table 6-21-2 for the 1 volt full-scale range. Table 6-21-3 lists 
the LSB values for all the ranges. 

MA-4803 

Figure 6-21-11 An a 1 og In pu t Co n fig u rat ion 

FIELD WIRING 
Field wiring for the A020 can be implemented with either the ATR16 
or the BC40A screw terminal assembly, or with a user designed 
interface. 

Turn to the section on the ATR16 isothermal screw terminal 
assembly (in this manual) to find field wiring configurations for 
an A020 using that interface. 
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0'\ 
I 

N 
I-' 
I 

I-' 
(X) 

Input Binary 
Magnitude Sign 

+FS-1 ~SB 0 
+FS-2 LSB 0 

· · 
· 

+FS/2 0 

· 
· 
· +2 LSB 0 

+1 LSB 
1 

0 
Zero 

I 
X* 

-1 LSB 1 
-2 LSB , 

.1 

· 
· · -FS/2 1 

· · 
· -FS+2 LSB 1 

-FS+l LSB 1 

* X = Do n' tea r e 

Table 6-21-2 

Output Code 
Magnltude 

11 III III III 
11 III III III 

· · · 
10 000 000 000 

· · · 00 000 000 000 

1
00 000 000 000 

I ~Hl 000 000 000 
00 000 000 000 
0£1 0£10 000 000 

· 
· · 10 000 000 000 

· I · 
· 11 III III III 

11 III III III 

Absolute Magnitude Code 

Input Voltage ( Ideal) 
Nominal Range 

III +0.999939 V > (0.999908) V 
110 +0.999878 V +(0.999847, 0-.999908) V 

· · · · 
· · 

000 +0.500000 V +(0.499969, 0.50(031) V 

· · · · · · 010 +122 uV +(92, 153 ) uV 

001 I +61 uV + (31, 92) uV 
000 I 0 (-31, +31 ) uV 
001 -61 uV -(31, 92) uV 
010 -122 uV - (92, 153 ) uV 

· · 
· · · · 000 -0.500000 V -(0.499969, 0.500(31) V 

· · · · 

1-"" 999878 

~ 

110 V -(0.999847, 0.999908) V 
III -0.999939 V < (0.999908) V 



Table 6-21-3 Least Significant Bit Values 

Whole Number Ranges Ranges X 1.024 
Full Scale Full Scale 
Volts LSB uV Volts LSB uV 

50 3051.76 51.20 3125 
25 1525.88 25.60 1562.5 
20 1220.70 20.48 1250 
10 610.35 10.24 625 

5 305.176 5.12 312.5 

2.5 152.588 2.56 156.25 
2 122.070 2.048 125 
1 61.035 1.024 62.5 
0.5 30.5176 0.512 31.25 
0.2 12.2070 0.2048 12.5 

0.1 6.1035 0.1024 6.25 
0.05 3.05176 0.0512 3.125 
0.02 1.22070 0.02048 1.25 
0.01 0.61035 0.01024 0.625 

Table 6-21-4 shows the A020 field wiring configurations to use 
with the BC40A screw terminal assembly. 

Table 6-21-5 shows the pin connections for J15, the module's I/O 
cable connector, for' the user who requires a custom A020 
interface. 

APPLICATION NOTES 
The following discussions are provided to help the user cope with 
some of the typical problems in applying A/D converters in 
general, and the A020 in particular. 

Gain, Resolution, and Accuracy 
A common error in applying analog input equipment is to confuse 
resolution with accuracy. The number of bits and ranges is often 
given inordinate attention as a figure of merit of a data 
acquisition system, when in fact it is relatively meaningless. 

Accuracy errors can be divided into three categories: those that 
are absolute, those that appear as a percentage of the input, and 
those that appear as a percentage of the selected full 'scale 
range. 
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Table 6-21-4 Module A020 Screw 
Terminal Connections 

BC40A Screw Terminal 

Field Channel Number Screw 
-- Terminal 

2-Wire 3-Wire Number 

0 + 0 + 1 
2 

1 + 1 + 3 
4 

2 + 2 + 5 
6 

3 + 3 + 7 
8 

4 + 4 + 9 
10 

5 + 5 + 11 
12 

6 + 6 + 13 
14 

7 + 7 + 15 
16 

Common Common 17 
Common Common 18 
10 + 19 

0 Shield 20 
11 + 21 

1 Shield 22 
12 + 23 

2 Shield 24 
13 + 25 

3 Shield 26 
14 + 27 

4 Shield 28 
15 + 29 

5 Shield 30 
16 + 31 

6 Shield 32 
17 + 33 

7 Shield 34 
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Table 6-21-5 Module A020 I/O Pin Connections 

Module I/O Field I/O Module I/O Field I/O 
Connector Channel Connector Channel 
Pin 2-Wire 3-Wire Pin 2-Wire 3-Wire 

1 +00 +00 2 -00 -00 
3 +01 +01 4 -01 -01 
5 +02 +02 6 -02 -02 
7 +03 +03 8 -03 -03 
9 +04 +04 10 -04 -04 

11 +05 +05 -12 -05 -05 
13 +06 +06 14 -06 -06 
15 +07 +07 16 -07 -07 
1 7} Not 
19 Used 

18} No t 
20 Used 

21 } 22", 
23 Common 24 
25~ATR16 26 Common 

Power 
)-

I 
27}rcommon 28 
29 30 J 

31} No t 
33 Used 

32} Not 
34 Used 

35 +10 36 -10 00 Shield 
37 +11 38 -11 01 Shield 
39 +12 40 -12 02 Shield 

41 +13 42 -13 03 Shield 
43 +14 44 -14 04 Shield 
45 +15 46 -15 05 Shield 
47 +16 48 -16 06 Shield 
49 +17 50 -17 07 Shield 

The category of absolute errors includes offset errors of all 
kinds, including initial, channel-to-channel, offset temperature 
drift, and noise. These are independent of gain or resolution. 
If the A020, for example, has a 6 microvolt offset error and is 
being used on the +100 mV range where an LSB = 6 microvolts, there 
will be a one LSB-error, while if it is used on the +10 mV range 
where an LSB = 0.6 microvolt, the error will simply become 10 
LSBs. No advantage is gained in regard to these errors by 
increasing gain (i.e., changing to a lower range). 

The second category of errors, those that appear as a percentage 
of the input, include gain errors, gain temperature coefficients, 
common mode errors, and crosstalk. If a 10 mV input is applied to 
an A020 with a 0.06% gain error set for the +100 mV scale, a gain 
error of one LSB will appear at the output; if the full scale 
range is reduced to +10 mV, the di9ital output error will simply 
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become 10 LSBs. Similarly, if a 1000 volt p-p common mode signal 
is applied to the A020 in an input configuration that produces 160 
dB 0 f co mm 0 n mod ere j e c t ion, the 0 u t put err 0 r will bel 0 
microvolts no matter how many bits this is made to J:'epresent by 
changing the full scale rangee 

The final category of errors, those which appear as a percentage 
of full scale, include differential and integral nonlinearity. 
For example, differential nonlinearity, which is specified as +1/2 
LSB for the A020, would be 0.3 microvolt on the 10 mV range but 3 
m i c r 0 vol t son the 1 0 0 mV rang e • Th e us e r m us t d ec ide i f t his i s 
significant in his application. Similarly, integral nonlinearity, 
at + .01% of FSR, is 2 microvolts on the 10 mV range and 20 
m i c r-; v 0 1. t son the 100m V rang e • In d ec i ding ho w s i g n t f i c an t t his 
error is, the user should take into account the fact that integral 
nonlinearity matters only if a large portion of the dynamic range 
is used; if the application involves controlling or monitoring an 
in put at ro un dan a r row set po in t , in t eg r a 1 no n 1 in ear i t Y err 0 r s 
simply translate into absolute accuracy errors, which can be 
adjusted out with the gain pots, software corrected, oJ:' ignored. 

From the above discussion, it should be obvious that referring to 
total accuracy as a percentage of full scale input is virtually 
meaningless. A total accuracy figure should not, therefore, be the 
sole criterion for selecting an operating range. That is, one 
should not select a lower range in the belief that because the 
per c en tag e 0 f full sc ale i s a sm all ern umb e r t his will res ul tin a 
smaller total measurement error. Using a less sensitive higher 
range, often has no 'signi ficantly greater error, and often has 
advanta'ges in increasing dynamic range and reducing noise 
sensitivity. 

Th i sis not to say t ha t the use r i s not in t ere s t E! din to tal 
accuracy, but only that estimation of this error requires a 
thorough understanding of all error components. 

In addition to the above considerations of A/D converter 
measurement errors, the user must also consider the error of the 
transducer itself when calculating a total error. 

Noise and Software Filtering 
Noise, one of those errors that exists in absolute terms 
regardless of the range selected, is specified for the A020 at 3 
microvolts RMS or 1/3 LSB RMS maximum, whichever is greater. This 
noise is internally generated in the A/D and is in addition to any 
externally imposed noise. Three-sigma peak noise is three times 
the RMS value for purely Gaussian noise. This all translates into 
15 LSBs (3 uV RMS, X 3 = 9 uV pk ~ 0.6 = 15) of peak noise on the 
+ 10m V ]~ a ng e , 1 • 5 L S B s (9 ~ 6 ) 0 nth e + 100m V rang e I' and 1 L S B 
(1/3 LSB x 3) on all less sensitive ranges. For low level signals, 
therefor,e, the lower order bits become meaningless if software 
filterinlg is not implemented. For high level signals, internal 
noise errors are comparable to quantization and differential 
nonlinearity errors. They can probably be ignored for most 
applications. 
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Software filtering can range from simple averaging to 
sophisticated autocorrelation algorithms. A common technique takes 
ten sampl es, d i se ard s the hig he st and lowe st, and aver ag es the 
remaining eight. Statistically, of course, the uncertainty of the 
results diminishes as the square root of the number of samples 
averaged. Averaging eight samples with a 15 LSB uncertainty, 
therefo re, red uces the uncer ta in ty to about 5 LSBs (15/ 0);' 
reducing a 15 LSB uncertainty to one LSB requires averaging 225 
sampl es. 

It is worthwhile noting that in the presence of noise, averaging, 
can reduce quantization error to less than 1/2 LSB by simply 
k e e ping f r act ion s 0 f a bit in the a r i t hm e tic res u 1 t. Th ism e a n s , t 

for example, if eight samples from the A020 on the +100 mV range: 
are averaged, the usual 9 microvolts of peak noise is reduced by' 
1/8 to 1/2 LSB or 3 microvolts, but quantization error is reduced; 
by 1/8 to 1 /1 6 L S B 0 r 0 • 375 m i c r 0 vol t s • Th e sam e 3 m i c r 0 vol t, 
uncertainty results after averaging eight samples from the device 
set to the +10 mV range, with quantization error reduced to 0.0375 
m ic rovol ts. -Aga in, increas ing ga in does not necessar i 1 Y res ul tin, 
a significant improvement in performance. 

High Common Mode Voltage Applications 
The internal common mode rejection of the A020 is typically in 
excess of 1 70 dB. Thi sis achieved when the common mode signal s, 
are applied through low source impedances (on the order of 10 
ohms). Whenever higher source impedances are involved, however, 
common mode errors are increased, and special measures must be 
taken if best performance is to be achieved. A thorough 
understanding of the error mechanisms involved will enable the, 
sophisticated user to make use of the considerable flexibility; 
available in the A020. 

Common to Normal Mode Conversion This phenomenon may be 
under stood in the con tex t 0 f Fig ur e 6-21-12. The common mod ~ 
voltage appears directly at IN LO, but it appears at IN HI only 
after going through the capacitive voltage divider formed by the 
source unbalance Rs with the stray capacitance to ground Cs. (Cs 
is the sum 0 f the A/D conver ter inpu t capac i tance, the 
line-to-line capacitance of the cable plugged into the module 
input connec tor, and the capac i tance from the ex ternal wi ring to 
ground.) The attenuation at IN HI with respect to IN LO causes a 
d if feren ti a 1 (no rmal mod e) signal to appear ac ross the input to 
the A02 0. The mag ni tud e 0 f thi s e r ro r sig nal may be simpl y 
calculated as follows: 

A020 
RS 

r----r...,.,..,.I\r-----r-----I1 N HI 

~----~--r_~INLO 

MA-4804 

Figure 6-21-12 So u r c e Unb a 1 a nc e 
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VE = R + IZcl Vcm 
s 

If, for example, RS = 1K ohm and Cs = 100 pF, then at 60 Hz, 

10 3 

V
E 

-
10 3 + 

____ ..;;;1 ____ = 3.8 X 10-
5 

Vcm 

10-10 X 2 17 X 60 

Thus, for a 1000-vo1t p-p common mode signal, the error voltage is 
38 mV p-p. 

Effects of Common to Normal Mode Conversion - Norman mode signals 
a pp 1 i edt 0 the in put 0 f the A 020 h a vet wo e f f e c t s : ex c e s s i v e 
normal mode voltages cause dc errors by overloading the input, and 
in-range normal mode signals produce ac output errors that are 
attenuated by the normal mode rejection of the A/D converter. 

The first effect is simple to understand. The normal mode error 
appears at the input as a modulation of the desired input signal. 
That is, if the input signal is 5 mV dc and the normal mode error 
is 10 mV p-p, the total differential input signal will vary 
between 0 and 10 mV. This total differential signal cannot be 
allowed to exceed 150 percent of the input range selected; 
otherwisc~, the A/D will run into internal voltage limits and 
rectify the error signal, causing de errors. 

The magnitude of the second effect, ac output errors, depends on 
the normal mode rejection of the A/D. The A020 has a notch filter 
characteristic at either 50 or 60 Hz (selected by switches). If 
the :E r e que n c y 0 f the err 0 r s i g n ali s wit hi n + 0 • 01 ~~ 0 f the se 
nominals (as the power line frequencies normally are in any 
locality served by a large power grid) the output errors will be 
reduced by at least 72 dB (4,000 to 1) from the input error 
(Figure 6-21-13). For small deviations from nominal, the output 
error deqrades roughly linearly. If, for example, the power line 
frequency deviates by 0.1% from nominal (a near catastrophic 
condition in a large system), the A020 will provide approximately 
6 0 dB ( 1 , 0 0 0 to 1) r e j e c t ion to s uc h f r e que n c i E~ sap p 1 i e d 
d iff ere n t i all y to its in put s • A 3 per c en t d ev i at ion - po s sib 1 e 
with some small diesel generators - would lead to approKimately 32 
dB of rejection, and might make input filters advantageous (refer 
to Di fferentia1 Input Fi 1 ters parag raph). It should be emphasi zed 
that these output errors appear as ac noise, and therefore may be 
simply eliminated by standard software averaging techniques. 
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Figure 6-21-13 A020 Frequency Response 

Handling High Impedance Sources 

r), 

nn~ 
10/T 

MA-4B05 

The following are three methods used to interface the A020 to high 
impedance sources. 

Lower Gain - This is the easiest method, but involves the worst 
accuracy tradeoffs. If, for example, the +100 mV range is selected 
for an application where the transducer produces an 8 mV full 
scale output, but the high source impedance produces up to 140 mV 
of peak normal mode error signal, the system will provide an LSB 
resolution of 6 microvolts, which is approximately equivalent to 
the resolution of a 12-bit AID operating with a +10 mV full scale 
range. Assuming 72 dB of NMR, 70 microvolts p-p of output noise 
will be produced. 

This method is the most economical, allowing the 2-wire mode and 
therefore 16 channels per board to be used. It also requires no 
special external measures to be taken. The primary accuracy 
tradeoff is in integral nonlinearity; since the spec of +0.01% is 
a percentage of full scale range, the linearity as a percentage of 
the transducer full scale output will be degraded. This may not be 
a ser ious problem, however, in appl ications where the dynamic 
range around the nominal input is small. 
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Shielded Inputs - The A020 may be used in a true 3-wire, shielded 
input mode by selecting the 3-wire option and opening the SHIELD 
switch. In order for this to be useful, the input leads must be 
shielded for their entire length from the transducer to the module 
input connector, and the shield must be grounded at the common 
mode source, (Figure 6-21-14). With RLI = RL2 = 50" ohms, the 
common mode rejection in this configuration has been measured at 
over 160 dB. 

Differential Input Filters - Input filters provide another method 
to reduce the normal mode error signal at the AID so that low full 
scale ranges may be used with high source impedances. In most 
cases, however, input fil ters substantially degrade performance. 
Consider the simple circuit (Figure 6-21-15). 

The A020 in 2-wire mode provides about 100 pF of stray capacitance 
to ground. When the channel relays switch, this stray capacitance 
must be charged to the common mode potential. One side of the 
channel switching will occur before the other, but since the 
charging time for the stray capacitance is nanoseconds, the 90 uF 
external capacitor will appear as a short, and half the charging 
current will flow through it creating an error voltage whose 
magnitude is the following. 

1 X 10-10 
X 1/2 Vcm 

9 X 10-5 

In other words, this configuration would exhibit a common mode 
rejection of only 126 dB. In addition, the dielect.ric absorption 
(hysteresis) of a capacitor of this size leads to gross errors if 
the input varies over time scales of anything less than hours • 

.",.,. ..... ----------
~~~ ~~~, A020 , RL1 ...... __ _ 

\-~,--------f IN HI 
\ 
I 

~------~AA~-----------------~ INLO 

.,,-------" 

MA-4806 

Figure 6-21-14 Shielded Input 
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A020 
330n 

IN HI 

Vs 90llF 

IN LO 

VCM 

-- MA-4B07 

Fig ur e 6-21-15 Input Fi 1 te r 

If input filtering appears to be the only solution to a high 
source impedance probl em (or if it is necessary to rej ec t a 
frequency other than 50 or 60 Hz or harmonics thereof), and poor 
common mode rejection cannot be tolerated, the 3-wire mode can be 
used to improve the CMR by approximately 20 dB (factor of 10). In 
this case, the SHIELD switch must be on and the INTERNAL FILTER 
switch must be off. The shield input must be brought back directly 
to the common mode so urce; the stra y capac i tance wi 11 be cha rg ed 
through the shield lead and not through the input filter. 

Capacitive Source Errors 
Capacitive sources can create serious errors when used with any 
multiplexed input device, including the A020. The problems become 
particularly serious when high common mode voltages are involved. 

The problems occur because of spikes due to input and internal 
s wi tc hi ng be i ng g en era ted 0 n the in put 1 in e sand i m po sin g err 0 r 
voltages across the source capacitance. This capacitance is 
sometimes not deliberately present but arises from stray 
capacitance in long wiring runs. 

No problem arises if the time constant of the source impedance and 
source capacitance is less than 300 microseconds. Such a sourc~ 
will have adequate time to settle between the time of input 
switching and the actual start of a conversion. Therefore, if the 
source resistance is lK ohm, the capacitance may be as much as 0.3 
mfd before problems are encountered; with Rs = 100 ohms, Cs may be 
up to 3 uF. Note that this precludes the use of input filters 
effective at 60 Hz unless special measures are taken (refer to 
section on using the A020 wi th high common mode vol tages) • 

Open Thermocouple Detection 
The internal filter provided in the input to the A020 may be used 
to implement open thermocouple detection without the enormou~ 
errors generated by schemes which apply constant voltage or 
current sources directly to inputs. In these older schemes, 
moderately high (approximately 10M ohms) resistors were often 
connected between the inputs and ground-referenced power supplies; 
since the full common mode voltage was applied through the 
resistor to the input, a simple voltage divider was formed which 
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would effectively reduce the common mode rejection to 80 dB for a 
lK source impedance. This translates into a 20 mV error for a 200 
volt common mode voltage, making the scheme unusable. 

The technique that can be implemented with the A020 involves 
alternate high and low level conversions. Whenever it is desired 
to check a particular thermocouple, a conversion should be 
performed on a high level signal (such as the ATR16 reference 
temperature output or the ATR16 12-volt power available on the 
A020 input connec to r). The r esul ts 0 f this conver sion are not 0 f 
interest and need not be in range. The purpose of this operation 
is to charge the internal filter capacitor to a level higher than 
the thermocouple full scale. A conversion should then immediately 
be done on the thermocouple of interest. If the thermocouple is 
good, the capacitor will discharge to the proper input level in 
the sever al mill i second s allowed fo r input se ttl ing; 0 the rwi se , 
the results of the conversion will be an overrange, indicating an 
open thermocouple. 

Thermal Offsets 
The joining of any two unlike metals forms a thermocouple. On a 
printed circuit board, copper conductors are soldered to 
component.s which mayor may not have copper leads but are almost 
certainly not constructed of copper throughout. stray 
thermocou.ples therefore exist allover the board, and wherever 
heat-producing components generate thermal gradients, thermocouple 
voltages will be produced. 

Th e pr ac 1: i cal res u 1 t 0 f the see f f e c t sin the A02 0 i san 0 f f set 
error voltage produced in the input multiplexer relays. This error 
is specified as a channel-to-channel offset, and is measured by 
scann ing all six teen channel sat max imum ra te fo rat 1 eClst sever al 
minutes. The specification of scan mode and rate is important 
because the relay coils require significant power, all of which is 
dissipated as heat; the faster a channel is scanned the greater 
the thermal offset voltage. If one channel is continuously scanned 
for a long period of time, the thermal error can be on the order 
of 100 microvolts. Furthermore, an error will be generated not 
only in the channel being swi tched, but also in channels whose 
input relays are nearby and are therefore heated by the operating 
relay. Time constants for these thermal effects are on the order 
of minutes, so fast scanning of one or a few channels for several 
seconds will cause only small errors. 

Since thl~ number of variables is too large to allow useful 
specification characterization, it is recommended that the user 
experiment by shorting the inputs and observing the offsets 
produced for his scanning pattern if channels are to be scanned 
more t.han twice per second and low level signals are involved. 
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SPECIFICATIONS 

General 
Re sol ut ion 

Number of channels 

Power Requirements 
Vol tage 

Operating current 

14-bi t pI us sign 

Sixteen 2-wire or eight 3-wire" 
switch selectable 

Main supply: VS = 12 Vdc + 5% Vdc 
Backup supply: 14 Vdc") VB > 
(VS-I2I~7) Vdc 

21215 rnA max imum 

NOTE 
If the backup supply is implemented, 
total operating current is shared. 
Main supply: 175 mA maximum 
Backup supply: 3g mA maximum 

Standby current 
(backup supply) 

Warmup time 

Input Characteristics 
Vol tag e ranges 

Input Impedance 
1121 and 2121 mV range 
All other ranges 

Power off 

Maximum input overload 

Bandwidth 

3121 rnA max imum 

1121 minutes (for module only; 
does not include temperature 
stabilization time for enclosure) 

+ 1121 mV and + 1121.24 mV - -+ 2121 mV and + 2121.48 mV 
+ 5121 mV and + 51.2121 mV 
+ 1121121 mV and-+ 1121 2.4121 mV -+ 2121121 mV and + 21214.8121 mV 
+ 5121121 mV and +512 mV 
+" 1 V and + 1-:-12124 V - and + + 2 V 2.12148 V 
+" 2.5 V and + 2.56 V - 5.12121 V + 5 V and + - and-+ + 1121 V 1121.24121 V 
+ 2121 V and + 2121.48 V 
+ 25 V and + 25.6121 V -+ 5121 V and + 51.2121 V 

1121 Mohms minimum 
Input divider off: 5121 Mohms minimum 
Input divider on: 1 Mohm + 1% 

5121 Mohms minimum 

264 Vac RMS minimum with no damage 

2121 Hz min imum 
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Throug hput 

Common M.:>de Performance 

Common·-mod e 
vol tag.~ 

Common--mod e and 
crosstal k 
rej ec t:ion 

RF common mode 
r ej ec tion 

Normal mode rejection 

Overload recovery time 

Accuracy 

Differential 
Nonl inE~ar i ty 

Nonl inE~ar i ty 

Offset 
Initial 

Drift with 
temperature 

Channel- to­
channel 

Input bias current 

Full Scale Temperature 
Co e f fie i en t 

With input divider 
Without input divider 

31 conversions per second for 50 
Hz operation; 37 conversions per 
second fo r 60Hz oper ation; to tal 
or same channel 

+500 V peak from ground or between 
~hannels, minimum 

150 dB minimum at 60 or 50 Hz 
+ 0.1%, with a 10 ohm source 
Tmpedance 

150 dB typical, 100 dB min imum, 5 
kHz to 50 MHz 

60 dB minimum at 50 or 60 ·Hz, 
+0.1% 

By next conversion for overloads 
up to 50% over the sel ec ted full 
scale range; within four 
Gonv er sions fo r overload s between 
50% and the maximum ratings 

±1/2 LSB maximum 

+0.01% of full scale range (±.3 
ISBS) maximum 

Adjustable to zero 

2 microvolts/o C, maximum 

2 microvolts typical 
10 microvolts maximum (varies with 
air flow over module) 

1 nA max imum 

+60 ppm/ o C maximum 
+30 ppm/o C max imum 
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Equivalent input noise 

Protec tion 

Physical Characteristics 

Dimensions 

Field connector 

Environmental 
Characteristics 

Heat dissipation 

3 microvolts or 1/3 LSB RMS, 
whichever is greater 

Input c ircui ts are protected from 
field overvoltages by fusible 
resistors in series with each 
input. There is a one hal f Amp 
fuse to protect the ATR16 power 
suppl y (see tex t) • 

Two quad modules assembled as a 
mother-daughter combination make 
up the A020 module 

Quad module, triple width, 8-1/2 
inch leng th 

Cable type BC40A, or customer 
supplied 50-pin Berg connector 

Complies with DEC STD 102 Class C 
Operates in convection cooled 
environment up to 60 degrees C 
ambient 

9 Bt u/hr max imum 
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FUNCTIONAL DESCRIPTION 

ATR16 
ISOTHERMAL SCREW TERMINAL ASSEMBL¥ 

The ATR16 (Analog Temperature Reference 16 Po int) is an 
isothermal screw terminal assembly used for connecting 
thermocouple field wiring to an analog input subsystem. The 
assembly accepts up to 16 thermocouple inputs and provides a 
single ambient temperature reference output. 

The ATR16 consists of a printed circuit board assembly enclosed in 
a thermal-insulated chassis. The circuit board assembly includes 
screw terminals for field inputs, a temperature transducer, and an 
output connector (Figure 6-22-1). A 3 m (10 ft) cable is included 
for connecting the ATR16 directly to the analog input module. 
(Refer the paragraph Output Cable Installation below foJ:' 
additional information on connecting the ATR16 to the input 
module.) Signal wire pairs from the field thermocouples are 
connected to the plus and minus terminal pairs labeled channel 0 
through 7, and 10 through 17 (Figure 6-22-2). ATR16 construction 
is such that when field wiring is connected and the cover 
attached, the terminals are all at the same temperature and 
provide nearly identical reference junctions for all field inputs~ 
The temperature inside the enclosure (i.e., the reference 
temperature) is monitored by the transducer; its output is 
con n e c ted tot he p air 0 f t e r min a 1 sma r ked H I and L 0 • Th e 
temperature transducer is powered by the analog subsystem through 
Jl. 

The ATR16 has provision for 16 field inputs; one of these may be 
used to read the output of the reference temperature transducer, 
Alternatively, if all channels are needed for thermocouples, the 
transducer output can be connected to one of the analog subsystem 
high level inputs (i.e., A0l4 or A156). 

DETAILED DESCRIPTION 
The ATR16 provides screw terminal pairs at a uniform temperature 
(i .e., isothermal reference junctions) and a transducer that 
measures this temperature. These items are discussed below. 

Isothermal Reference Junction 
In order that the output of the temperature transducer be a valid 
datum for all ATR16 screw terminals, they must all be at the same 
temperature. Two things are done to achieve this uniform 
temperature. First, the terminals are well insulated from any 
external thermal shocks in the operating environment, so that they 
will experience only gradual temperature changes. This is achieveQ 
in the ATR16 by providing a tight enclosure and extensive thermal 
insulation around the terminals. 
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SCREW 
TERMINALS 

i~~PERATURE 
NSDUCER 

CIRCUIT 

Figure 6 -22-1 ATR16 Ch . aSS1S Assembly 
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TEMP. 
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24 

26 
COMMON t 

34 
TEMPERATURE 
TRANSDUCER 

+12 V 25 

,OUTPUT 
TO A157 
'OR A020 

MA·3123 

Figure 6-22-2 ATR16 Block Diagram 

Second, a thermal bond. is provided between all screw terminals to 
ensure that they are all at the same temperature. This is 
accompl ished as follows. The pr in ted c i rcui t board assembly on 
which the terminal strips are mounted includes a copper plate that 
is sandwiched between the terminal strips and the printed circuit 
board (Figure 6-22-3). Each terminal passes through a hole in the 
copper plate so that no electrical contact is made. However, the 
hole is filled with thermal compound so that a good thermal bond 
is ensured. This thermal bond, combined with the high heat 
conductivity of the copper plate, minimi zes thermal gradients 
between screw terminal pairs. 

Temperature Transducer 
The temperature transducer circuit produces an output voltage that 
is directly proportional to the reference temperature (i .e., the 
temperature of the screw terminals). The relationship is: 

Vo = 0.1 Tr 
where: 

Tr = internal ambient temperature in degrees C 
Vo = transducer output voltage. 

The operating range is from 5 degrees C to 60 degrees C which 
corresponds to an output voltage range of 0.5 V to 6.0 V. 
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TRANSDUCER 
CIRCUIT 

COPPER 
PLATE 

COPPER PLATE 

Y PRINTED CIRCUIT BOARD 
/ 

~ SOLDER CONNECTION 

~ ISOTHERMAL COMPOUND 

Mk3121 

Figure 6-22-3 Isothermal Assembly 

The circuit consists of a voltage reference, an operational 
amplifier, and a temperature sensing element (Figure 6-22-4). The 
sensor is a precision thermistor array located in the center of 
the copper plate that thermally bonds all the screw terminals. The 
rest of the circuit is located at one end of the printed circuit 
board assembly (Figure 6-22-1). The resistance of the thermistor 
array varies as a function of temperature. The voltaqe reference 
and operational amplifier circuit provide the necessar~ offset and 
gain to translate this into Vo, the desired output voltage. 

Mk3126 

Fig ure 6-22-4 Temperature Transducer Circuit 

MECHANICAL INSTALLATION 

General 
The ATR16 may be installed anywhere in 
3 m (10 ft) interconnecting cable to 
interface. The chassis requi res 13.33 
mounting space in a standard 48.26 cm 
is 11. 43 cm ( 4 • 5 in) dee p • 
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DEC Cabinet 
Using the hardware provided, install the chassis in the chosen 
location as follows. 

1. Fasten the four speed nuts to the equipment rack mounting 
holes in the chosen location. 

2. Fasten the four male/female hex standoffs to the speedi 
nuts. 

3. Place the ATR16 on the standoffs and 
10-32 X 5/8 inch truss head screws 
internal tooth lockwashers. 

fasten with four 
and fo ur No. 10 

4. Fasten the ATR16 ground lug to the equipment rack side 
rail with the 10-32 X 1/2 inch screw, 10-32 kep nut, an~ 
No. 10 external tooth 10ckwasher provided. The lockwasher 
must be placed under the ground lug and the nut fastened 
securely to ensure good contact with the equipment ground 
through the paint (Figure 6-22-5). 

I 
I 

EXTERNAL TOOTH ~ 
LOCK WASHER----.~ 

I 
I 

~ GROUNDLUG~ I 

@ 
KEPNUT~ I 

MA-3142 

Figure 6-22-5 Ground Wire Fastening 

Industrial Enclosure 
The ATR16 may also be installed in a user supplied industrial 
enc 10 sure. Mo unt ing holes on the rear 0 f the chass i s fac iIi tate 
this type installation. Figure 6-22-6 shows the mounting hole 
dimensions. When considering this type installation, provision 
must be made to ensure that the temperature inside the enclosure 
does not exceed 60 degrees C when the system reaches thermal 
equilibrium. It is recommended that the ATRl6 be mounted on the 
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standoffs supplied with the unit rather than directly to the 
cabinet backplate; this improves the thermal isolation properties 
of the )~ TR 1 6 • 

2.5 em (1") 
10-32 HARDWARE MINIMUM CLEARANCE 

/4 PLACES TO UNIT ABOVE OR BELOW +---++ 
I 1

11.4 em TYP. 
(4.50") 

+ +~ 
41.3 em TYP.____ -MINIMUM CLEARANCE ~ + 10.2em(4") 

(16.25") TO UNIT ON EITHER SIDE 

MA-3149 

Figure 6-22-6 Rear Mounting Dimensions 

ELECTRICAL INSTALLATION 

Interconnecting Cable 
To connect the ATR16 to its intended module interface, proceed 
with the following steps. 

1. Remove the ATRl6 cover. 

2. Loosen the right cable clamp. 

3. With the stripe up, bring one end of the interconnecting 
output cable through the right side of the ATR16 chassis. 
Guide the cable through the cable clamp and connect it to 
Jl on the printed circuit board assembly with the 
cable-free side of the connector against the printed 
circuit board. 

4. Tighten the cable clamp. 

5. Guide the other end of the cable through the cabinet to 
its intended module interface. 

6. Plug the cable into the module with the cabJ.e-free side 
of the connector against the module and with the stripe 
down. 

Field Wiring 
To ensure that proper practices are followed when installing field 
wiring, the user should review the field wiring information 
contained in Chapter 3, paragraphs 3.8 through 3.8.4 before 
proceeding with the following installation. This procE~dure is for 
bottom entry to a DEC-supplied H960 cabinet and can be modified to 
accommodate top entry or a user-supplied cabinet. 
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NOTE 
To realize optimum thermal performance 
of the ATR16, it is recommended that the 
field wiring be of the smallest size 
consistent with the application. 

1. Bring the field wiring through the bottom of the H960 
cabinet. 

2. Guide the wiring along the channel formed by the cabinet 
vertical supports and clamp it securely in place. 

3. Loosen the left cable clamp of the ATR16. 

4. Bring the field wiring into the left side of the chassis 
and through the cable clamp. 

5. Fasten the field wiring to the screw terminals as 
shown in Figure 6-22-7 or 6-22-8. 

6. 

7. 

Tighten the cable 

Repl ace the ATR16 

CHAN. NOS.- 0 

TS1 

1 2 3 4 5 6 

HI 
~ TEMPERATURE 
~TRANSDUCER 

LO 

clamp. 

cover. 

2 3 4 5 6 7 
~ 

7 8 9 10 11 12 13 14 15 16 17 

TS2 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

CHAN NOS. - 10 11 12 13 14 15 16 17 

MA-4BOB 

Figure 6-22-7 2-Wire I/O Connections (A157 or A020) 

CHAN NOS.- 0 2 3 4 5 6 7 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

TS1 

HI 
L-TEMPERATURE 
I TRANSDUCER 

LO 

TS2 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

~C-HAN-----tlllllll-------' 
SHIELD---O 1 2 3 4 5 6 7 

Fig ure 6-22-8 

MA-4B09 

3-Wire I/O Connections (A020 only) 
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DC Power 
Separate power supply connections are not required for the ATR16. 
Power (+12 Vdc) for the temperaturE~ transducer is input from the 
interfacing module via the interconnecting cable (Figure 6-22-2); 
however, a switch on the interfacing module must be in the on 
position to connect power to the cable. This switch is identified 
in Table 6-22-1 for each type interfacing module. 

Table 6-22-1 ATR16 Power Switches 

Interfacing Power Switch 
Module Location 

- --
A157 E30-4 

A020 E6-l0 (on daughter board) 

Transducer Output Connection 
Temperature output may be connected to one of the ATR16 internal 
screw tel~minal pairs or it may be connected to an extE!rnal screw 
t e r min alp air (i. e ., A 1 5 6 0 r A 0 1 4). Th e set wo 0 p t ion s are 
illustrated in Figure 6-22-9. 

EXTERNAL 
TRANSDUCER 
CONNECTION 

Figure 6-22-9 

~---------------

MA·3148 

Transducer Output Connection Options 
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APPLICATION INFORMATION 
Voltage output from a thermocouple circuit is a function of the 
materials employed and the temperatures of the two thermocouple 
junctions. If one of the junctions is at a known temperature, and 
the voltage is known, the temperature of the other junction can be 
determined. 

The ATR16 enables the user to make 
example, if Tm is the temperature 
thermocouple (Figure 6-22-10), then: 

this type measurement. For 
of interest at the field 

Tm = f[f(Vm - 10 Vo)] 

where: 

Vm = thermocouple circuit voltage 
Vo = temperature transducer output voltage. 

The indicated functions are nonlinear and are evaluated by various 
analytical and/or lookup techniques that are beyond the scope of 
this document. 

THERMOCOUPLE JUNCTION AT 
KNOWN TEMPERATURE 

ATR 16 

Tm Vm 

TEMPERATURE __ -+-... 
TRANSDUCER 

Va 

MA-3150 

Figure 6-22-10 ATR16 Application 

Note that the range of Vo is from 0.5 V to 6.0 V, corresponding to 
a temperature rang e 0 f 5 deg rees C to 60 deg rees C. The rang e 
accommodated by the analog subsystem depends on which A/D 
converter and what gain is used. These factors also affect 
resolution. Table 6-22-2 lists the characteristics of the two 
converters that are pertinen~ to this discussion. 
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Table 6-22-2 AID Converter Characteristics 

AID 
Conver'ter A0l4 A020 

Multiplexer A014, A156, A157 A020 A020 
or A157 

Gain 1 2 1 2 

Input Range +10 V +5 V +10 V +5 V - - - -

No. bits 12 12 15 15 

LSB 5 mV 2.5 mV 600 300 
microvolt microvolt 

Temperature 5 degrees to 5 degrees to 5 deg rees to 5 degrees 
Span 60 degrees C 50 deg rees C 60 degrees C 50 degrees 

Resol ution* 0.05 0.025 0.006 0.003 
d eg rees C d eg rees C d eg rees C d eg rees 

*Note that this resolution does not imply equivalent accuracy, 
which is a function of the ATR16 temperature transducer. 

In order for the reference temperature (i .e., the temperature 
transducer output) to be valid, it must be read just bE~fore or 
after the field thermocouple voltage is read. This constraint 
becomes more critical if the ATR16 environment is subject to 
significant thermal shocks. The effect of ambient temperature step 
changes on the reference temperature for a given elapsed time can 
be described by the following transfer function: 

t 
Tr To + Ts [1 - e"'-r-] 

where: 
Tr reference temperature 
To = reference temperature before step change 
Ts magnitude of step change 

t = time in hours 
T = ATR16 thermal time constant. 

The ma~{imum slope given by this equation can be approximated as: 

~ (maximum) = 2 X 10-4 Ts 
~t 

In addition to their effect on reference temperature, thermal 
shocks to the ATR16 also produce thermal gradients on the screw 
terminals which show up as an error (i.e., the temperature of the 
terminals is different from the transducer output). The maximum 
value of this error for a given step change in the ambient 
temperature is shown in Figure 6-22-lla. 
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The maximum thermal gradient error will not be reached 
i mm e d i ate 1 y , but will b u i 1 d up g r ad u a 11 y and t he n dec a y • 
Therefo re, the amoun t 0 ferro r depends on how much time has 
elapsed since the thermal shock. The relationship between time and 
error is shown in Figure 6-22-11b. 
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Figure 6-22-11 ATR16 Typical Characteristics 
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In generall, the thermal gradient error is virtually nonexistent 
for terminals at the center of the screw terminal assembly where 
the sensor for the reference temperature transducer is located. 
Th e err 0 r inc rea s e s for term ina 1 s t.o war d e i the rend, rea chi ng a 
maximu.m at the outermost terminals (Figure 6-22-11c:). It is 
the ref 0 r e po s sib 1 e ton ear 1 y eli min ate the e f f e c t s () f the rm a 1 
gradient errors for a critical thermocouple by assigning it a 
center channel. 

SPECIFICA'rIONS 

Power Requirements 
Voltage 

Current 

Input Characteristics 
Cross talk 
(channel to channel) 
including interconnecting 
cabl e) 

Common mode voltage 

Physical Characteristics 
Dimensions 

Weight 

Environmental 
Characteristics 

Heat dissipation 

Thermal Characteristics 
Transducer output 
(nominal) 

Transducer accuracy 

Thermal time constant 

12 Vdc (+2 or -1) Vdc 

10 rnA max imum 

with A157: 
80 dB minimum at 60 Hz with lK 
source unbalance 

with A020: 
140 dB minimum at 60Hz wi th lK 
so urce unbalance 

Limi ted by analog input 0 f A020 or 
A157 

13.33 cm (5.25 in) height 
48.26 cm (19 in) width 
11.43 cm (4.5 in) depth 

3.2 Kg (7.1 Ibs) 

Complies with DEC STD 102, 
Class C. 
Operates in convection cooled 
env i ronmen t up to 60 d eg rees C 
ambient. 

0.053 Btu/hr maximum 

Vo = 0.1 Tr 
( T r i n d eg r e esC, V 0 i n v o:L t s ) 

+0.25 
normal 

degrees C 
ambient 

variations 

1.5 hours 
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FUNCTIONAL DESCRIPTION 

A630 
FOUR-CHANNEL D/A CONVERTER 

The A630 module comprises four independently addressable, l0-bit, 
digital to analog converters (DACs) for use in the H333 I/O 
Subsystem. Current and voltage output options, with protection 
circuits, are provided for each converter. Provision is made for 
reading the output status, zeroing all outputs, and reading the 
module's generic code. The module features switches for addresS, 
selection, calibration, and output mode selection. 

DETAILED DESCRIPTION 
A s i m pI i f i ed b 1 0 c k d i ag ram 0 f the DA C mod u 1 e iss ho wn i n Fig u r e 
6-23-1. At the left of the figure, the unit receives data and 
control signal s from the D-bus, conv'erts the dig i tal data to an 
analog signal via one of the four DACs, and outputs this signal to 
the field through the interface connector. The following 
paragraphs elaborate on individual sections of the block diagram 
and discuss the module's control sequences and data flow. 

DDOUT 

DRPLY 

DADDR 

DSYNC 

DD. T. GBIT 

Figure 6-23-1 

J-1 
VOUT 

lOUT 

VOUT w 
U 

lOUT ~ 
II: 
w 
f-

VOUT ~ 

lOUT 
0 
...J 
W 
u: 

VOUT 

lOUT 

MA-2161 

A630 DAC Module, Block Diagram 
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Register Formats 
Each DAC channel occupies two addresses; a total of eight for the 
module. The converters are l0-bit devices; therefore, the input 
data word is transmitted in two bytes. The two most significant 
bit s ( M S B s) are i nth e D 0 and D 1 po sit ion s 0 f the h i g h b yt e and 
the eight least significant bits (LSBs) in the low byte (Figure 
6-23-2). The high byte also contains four read-only status bits in 
positions D2-D5 when the TBIT is asserted. Bits D6 and D7 are not 
used. 

Data Paths 

TYPICAL 
ADDRESSES 07 00 

171260 7 6 5 43210 
DACO -+- OUTPUT DATA (READIWRITE) ~} 171261 S4 53 S2 S1 11 10 

~ ___ J 

L STATUS BITS (READ ONLY) 

07 
(WHEN TBIT IS ASSERTED) 

00 

171262 27 26 25 21 20 
DAC 1 

171263 '"'"--'----'-_S4-..L-S~~ 31 30 

07 00 

171264 47 46 45 44 43 42 41 40 
DAC 2 -+-+--+---+---1 

DAC3 

171265 S4 S3 S2 S1 51 50 

171266 

171267 

'"'"--'----'-~~-L~~__'_~ 

07 00 

67 I 66 I 65 I 64 I 63 I 62 I 61 I 60 

m~l ~ I I : : 
~. ~ S4 1 S~~I 71 1 70 

NOTE: 

IF THE GBIT IS ASSERTED, ALL ADDRESSES WILL 
CONTAIN THE MODULE'S GENERIC CODE. 

Figure 6-23-2 DAC Data Registers 

MA-2157 

When a data word is to be output to one of the four DACs, the high 
byte is output first and then the low byte. The hi9h byte is 
strobed into one of the four holding registers by WRl, WR3, WR5, 
or WR7, depending on which of the four DACs has been addressed 
(Figure 6-23-3). When the low byte data is received, it and the 
two bi ts in the holding reg ister are strobed into the l0-bi t 
output register by WR0, WR2, WR4, or WR6. 

The output register drives the output disable gates. When the DBIT 
is asserted, these gates force the data input to the DACs to zero. 

The output disable gates drive CMOS switches that drive the D/A 
1 adder nE~two r ks. These dev ices prod uce analog sig nal outputs that 
are a function of the weights (binary values) of the asserted bits 
i nth e 1 QI - bit d a t a wo rd. 
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Each D/A ladder network drives a voltage output buffer amplifier; 
this amplifier drives a current converter circuit~ Both the 
current and voltage output circuits go to the field interface 
connector at the right of the figure. 

The voltage outputs also go to a comparator network that compares 
the outputs of the four DACs and provides output status 
information to the diagnostic program for maintenance use when the 
TBIT is asserted. These status bits are shown on the block diagram 
as bits S{0-4). 

Finally, all output data registers and status information goes to 
the input multiplexer (at the left of Figure 6-23-3) where it can 
be read by the program under control of the A0, AI, and A2 
signals. The output of this multiplexer goes to the G multiplexer, 
which provides normal output data unless the GBIT is asserted. If 
the GBIT is asserted, this circuit puts out the generic code of 
the mod u 1 e • Th e G m ul tip 1 ex e r 0 u t put i s the n s t rob ed 0 n to the 
D-bus by the DI GATE signal. 

Control Signals 
Data transactions (DATAOs and DATAIs) to and from the DACs, as 
called for by the program, are controlled by D-bus Cycles 
originating in the IOCM. A data transaction begins with an 
addressing phase in which the module's address is put on the 
D-bus, followed by D SYNC. The module's address comparator decodes 
the address, and when D SYNC occurs, produces its internal MY 
ADDRESS signal. The lower three bits of the address are stored as 
the A0, AI, and A2 signals. This completes the addressing part of 
the D-bus Cycle. 

If the data transaction is a DATAO, by this time data will be put 
on the D-bus, and the next control signal asserted by the IOCM is 
D DOUT. This causes the WR0-WR7 decoder to produce one of its 
outputs and strobe the data byte into the proper register. Figure 
6-23-3 shows that D DOUT also produces the D RPLY signal telling 
the procE~ssor that output data has been received. The processor 
then negates D DOUT. 

The DACs on this module have a 10-bit input word, so a complete 
data transfer actually requires two D-bus Cycles or DATAOs. The 
high byte data is always output in the first cycle and the low 
byte in the second. For example" if the channel two D~C at base 
address 171260 is being addressed, the high byte data (address 
1 7 126 5 ) i sou t put fir s t and s t rob ed i n tot h e 2 - b :L t ho Id i n g 
reg i s t e r by the WR 5 s i g n a 1. Th e low b yt e (ad d res s 1 71 2 6 4 ) i s the n 
output and all ten bits are strobed into the output register by 
the WR4 signal. The output data remains unchanged until the 
processor outputs a new data word to the low byte address. 

If the prog ram wants to moni tor the dig i tal word of a [lAC 0 utput, 
it causes the processor to perform DATAls on its two addresses. In 
the case of a DATAl, the addressing part of the cycle is the same 
as for a DATAO. The lower three bits of the address that are 
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s tor e d as A0 , AI, a nd A 2 set up the i n put m u 1 tip I ex e r for the, 
correct byte, and when the processor asserts 0 DIN, this data is; 
strobed onto the D-bus by the 01 GATE signal. After a short delay, 
01 GATE produces 0 RPLY, notifying the processor that data is on 
the bus. The processor then causes the IOCM to negate 0 DIN. 
Again, two addresses must be read to get all ten bits of data, so 
another D-bus Cycle (DATAl) will follow. 

Between the input multiplexer and the DI gates 
multiplexer. This multiplexer outputs data from 
multiplexer unless the program has set the GBIT in the 
IOCM. In that case, the module's generic code is put 
instead of normal data. 

is the G 
the input 
CSR of th~ 
on the bus 

When the program sets the OBIT, it disables the output registers 
to all four DACs, which sets all their outputs to zero. Th~ 
contents of the registers can still be read by the processor. 

If the program sets the TBIT, the status bits are enabled and 
placed in the high byte of the data word being read. 

OAC 

CAUTION 
When using the diagnostic test 
associated with the TBIT, the OBIT 
cannot be used to disable the OAC 
outputs; instead, the m.odule's output 
cable must be disconnected to inhibit 
output signals to the customer's 
equi pment. Th is is bec ause the TB IT 
function for this module enables 
monitoring the output comparator network 
status bi ts while the OAC outputs are 
being exercised. While it is true that 
the OBIT disables (zeros) the OAC 
outputs to the customer, it is also true 
that it inval idates the output 
comparator signals. 

Each channel consi sts 0 f a set 0 f analog swi tches, an R/2R 1 adder 
network, a voltage amplifier, and a current converter (Figure 
6-23-4). The switches, driven by the output data word, switch the 
1 eg s 0 f th e I ad de r bet we e n REF /2 and g r 0 un d ; the M S B i sat the 
amplifier end and the LSB at the other end of the ladder. Eacn 
ladder leg that is switched to ground produces an incremental 
output according to its binary weight. The output of the ladder 
network is a current that is the sum of the contributions of the 
asserted bits of the data word. 

The voltage amplifier converts the output current of the ladder 
network to a proportional voltage. The LSB (00) produces an output 
of 10 mV and succeeding bits are weighted to produce 2n times this 
amount, where n is the bit number. Therefore, the MSB (09) 
produces 10 mV times 512 or 5.120 V .. If all bits are asserted, 
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Figure 6-23-4 DAC Circuit 

their combined weights add up to l0~230 v. Table 6-23-1 lists the 
weight of each bit. 

Voltage amplifier output is current-limited and should not be 
loaded in excess of 15 rnA. Clamp diodes provide output protection 
in the event of externally applied overvoltages. 

In add i ti.on to the vol tage output, each DAC has a uni polar current 
converter that outputs a current from 0 to 20 rnA or from 4 to 20 
rnA. Switches on the module allow the user to select the desired 
current range independently for each DAC. Changing the current 
range requires recal ibration of the current converter, but does 
not affect the voltage outputs. 

The current converter is a self-balancing bridge arrangement that 
uses the voltage amplifier's output as its input (Figure 6-23-4) • 
When the output of the voltage amplifier is changed, the current 
converter rebalances its bridge by changing the current delivered 
to its loa d • Th ere for e , i tis a b 1 e top rod u c e a cur r e n t 
proportional to the output of the vol tage ampl i fier. When both 
switches at the current converter's inputs are opened, an offset 
and gain change are introduced, placing it in the 4 to 20 rnA mode. 

The current converter circuit includes offset and gain controls 
for calibration purposes. The output circuit is a Darlington 
amplifier circuit protected by a series fuse and clamping diodes. 
The output voltage of the current converter is limited by the 
power suppl y. It should not be expected to del iver an output 
voltage in excess of 10 v. 
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In the 0 to 20 rnA mode, the LSB (D0) produces an output of 19.55 
rnicroarnp, and succeeding bits have binary-related weights such 
that the MSB (D9) produces a current of 19.55 rnicroarnp X 512 = 
10.00978 rnA. Table 6-23-2 lists the current produced bv each bit. 

Table 6-23-1 

Bit No. 

o 
1 
2 
3 
4 

5 
6 
7 
8 
9 
Total 
(All bits 

Voltage Output Bit Weights 

Weight (mV) 

10 
20 
40 
80 

160 

320 
640 

1280 
2560 
5120 

10230 
asserted) 

Table 6-23-2 Current Output Bit Weights 
(9 to 29 rnA option) 

Bit No. 

o 
1 
2 
3 
4 

5 
6 
7 
8 
9 
Total 

Weight (microamp) 

19.55 
39.10 
78.20 

156.40 
312.81 

625.61 
1251.22 
2502.44 
5004.89 

10009.78 
20000.00 

(All bits asserted) 

In the 4 to 20 rnA mode, normal current output with no bits 
asserted is 4 mAe The LSB causes a current increase of 15.640 
microamp for a total output of 4015.640 rnicroamp. Succeeding bits 
have binary related weights such that the MSB (D9) causes an 
increase of 15.640 microamp X 512 = 8.00782 mA, for a total output 
of 12.00782 mAe Table 6-23-3 lists the contribution of each bit 
and the resulting current output when only that bit is asserted. 

Both voltage and current outputs of a DAC can be used as long as 
the total module load does not exceed 80 mAe 
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Bit No .. 

0 
I 
2 
3 
4 

5 
6 
7 
8 
9 
Total 
(All bits 

Table 6-23-3 Current Output Bit Weights 
(4 to 2~ rnA option) 

I 

Weight Offset Output 
(microamp) (microamp) (microamp) 

15.640 +4000 40150640 
31.280 +4000 4031.,280 
62.561 +4000 4062.,561 

125.122 +4000 4125.122 
250.244 +4000 4250.244 

500.489 +4000 4500.489 
1000.977 +4000 5000.977 
2001.955 +4000 6001.955 
4003.910 +4000 8003.910 
8007.820 +4000 12007.820 

16000.000 +4000 20000.000 
asserted) 

-
Internal Comparator 
The module's four DAC outputs are input to a comparison network 
that generates the four status bits (Figure 6-23-3). These bits 
have the following significance: 

81 = 1 for VI > (V0 +30 mV) 
81 = 0 for VI < (V0 -30 mV) 

82 = 1 for V2 > (VI +30 mV) 
82 = 0 for V2 < (VI -30 mV) 

83 = 1 for V3 > (V0 +30 mV) 
83 = 0 for V3 < (V0 -30 mV) 

84 = 1 for V3 > (V2 +30 mV) 
84 = 0 for V3 < (V2 -30 mV) 

The program monitors this status information by asserting the TBIT 
and reading the high byte of the DAC output. If the DACs are all 
in calibration, the status bits assume predictable Htates as a 
function of the four DAC inputs, thus providing diagnostic 
in fo rmat ion to the program. Note that between the 1imit.s specified 
above for each status bit, the bits are undefined. Th is is shown 
graphically in Figure 6-23-5 for status bit 81 .. 

r--- UNDEFINED 
Sl I 

Wi __ -:(V1_VO) mV 

-60 -40 -20 0 20 40 60 

MA-2166 

Figure 6-23-5 8tatus Bit 81 
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Reference Supply 
There is a separate voltage supply on the module for producing the 
REF (10.240 V) and REF /2 (5.120 V) vol tages used by the DAC 
c i r cui t s. A s i m pI i f i ed sc h em at i cis s ho wn i n Fig u r e 6 - 23 - 6 • Th e 
circuit consists of a 6.2 V zener reference diode and operational 
amplifier buffers. 

REF 
R1 ADJ R2 

REF 

EREF 
~ (10.24 V) 

REF 

REF/z 2 

ADJ (5.12 V) 

MA·2158 

Figure 6-23-6 Reference Supply 

The first amplifier circuit produces the 
calibration purposes, switches 1-4 provide a 
(Switch 1 has the most significant effect.) 
provides fine adjustment. 

REF voltage. For 
co a r sea d jus tm en t • 

The potentiometer 

REF/2 is produced by a voltage divider on the REF circuit output, 
with a potentiometer for adjustment and a voltage follower. 

Charge-Pump Circuit 
A separate power supply on the module provides +15 V and -5 V for 
all analog circuitry. The supply consists of a 50 kHz switching 
stag e t hat d r i v est wo reg ul at i ng c h a r g e pum p s . Th e + 1 5 V c h a rg e 
pump utilizes the 10.240 V reference supply as its reference. 

Address Selection 
The addresses for this module must be assigned according to the 
rules stated in Chapter 4. They are selected on the module by the 
5 - po 1 e s wi t c h E 21 s ho wn in Fig u r e 6 - 2 3 -7 • An e x am pI e 0 f 0 n e 
possible address selection is shown in Figure 6-23-8 to illustrate 
the use of this switch. 
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Figure 6-23-8 A630 Address Selection Example 

Generic Code 
The generic code of the A630 DAC module is 261. 

Pin Connections 
The A630 module pin connections for Jl, the I/O cable connector, 
are listed in Table 6-23-4. 

CALIBRATION 

General 
DAC module calibration is accomplished by means of diagnostics 
included with the I/O Subsystem. Instructions for using these 
diagnostics are included with the software package. Normally the 
DAC module is calibrated and ready for service when received by 
the customer; however, the customer may wish to change the current 
output option from the 4 to 20 rnA range to the 0 to 20 rnA range. 
(The module is shipped with the 4 to 20 rnA range selected.) This 
necessitates recalibration of those outputs. If calibration is 
attempted without the diagnostic, be advised that the low end 
calibration point for the 0 to 20 rnA current range is not zero but 
+1 LSB or 19.55 microamps. 

Identification of adjustments and switches is provided in Figure 
6-23-7. A careful study of this figure is recommended to avoid the 
frustration of selecting the wrong adjustment during the 
calibration procedure. 
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Table 6-23-4 Module A630 I/O Connections 

Module Module 
I/O I/O 
Connector Field Connector Field 
Pin I/O Pin I/O 

1 2 
3 4 
5 Vout Chan 0 6 Ground 
7 lout 8 Ground 
9 10 

11 12 
13 Vout Chan 1 14 Ground 
15 lout 16 Ground 
17 18 
19 20 
21 22 
23 24 
25 26 
27 28 
29 30 
31 32 
33 34 
35 36 
37 Vout Chan 2 38 Ground 
39 lout 40 Ground 
41 42 
43 44 
45 46 
47 Vout Chan 3 48 Ground 
49 Iout 50 Ground 

..-.-- '--'--
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Details of the calibration switches are shown in Figure 6-23-9. 
These switches should be operated only during recalibration of the 
module. 

,,91 :~,tIIlfl 1 

T t REF SWITCH (ALWAYS ON( 

REF ADJUST 

INCREASE = ON 
DECREASE = OFF 

EOOFjl 
~ 

E7.Fjl 
~ 

~II, ________ ~~_ ~I_====CH~N)FOR SPECIFIED CHANNEL 
L-. ___ 1 BOTH ON = (0-20) rnA 

2 BOTH OFF = (4-20) rnA 

L.---------------------3 
MA·2160 

Figure 6-23-9 Voltage Reference and Current Mode Switches 

Proper placement of the meter leads and precision resistor used, 
during calibration is essential to achieve a valid calibration, 
(Figure 6-23-10). 

The A630 is accurately calibrated and sealed at the factory; it 
does not require recalibration at the time of installation. Field. 
recalibration should only be attempted when a DAC malfunction iSi 
suspected. The malfunction should be verified by running the 
diagnostic before proceeding. 

To ensure compliance with specifications, all test equipment used 
for calibration of the A630 must have been accurately and recently 
calibrated. In addition, personnel doing the calibration should be 
familiar with procedures for aligning precision analog equipment. 
If you are not sure of the foregoing, DO NOT ATTEMPT TO CALIBRATE 
THE A630. Factory calibration is probably better than that which 
you will be able to accomplish. 
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Figure 6-23-10 Calibration Resistor and Meter Lead Placement 

Access to the adjustments and switches is permitted by putting the 
DAC on an extender module. 

CAUTION 
The system must be powered down before 
inserting or removing any module. 

Equipment Needed 

DVM 

Extender module 

Re si stor 

Screw Terminal Connections 

We s ton S h 1 urn be r 9 e r mod I~ 1 4 4 3 0 r 
equivalent 

W904B 

5 0 0 0 hm , 0 • 01 per c en t , I~ • 3 W, DEC 
part no. 13-09985-00 

The reader should refer to Chapter 3, Paragraph 3.8.5, for general 
field interface information. The A630 uses the BC40A screw 
terminal. Refer to Table 6-23-5 for this module's terminal 
conf ig ura t ion. 
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Table 6-23-5 Module A63~ Screw Terminal Connections 

BC4~A Screw Terminal 

Field 
Channel 
Number 

{

vout 
Ground 

00 lout 
Ground 

{ 

Vout 
Ground 

01 lout 
Ground 

{

vout 
Ground 

02 lout 
Ground 

{

vout 

. 
Ground 

03 10 ut 
Ground 

Screw 
Terminal 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

6-23-15 



SPEC IF ICA~rIONS 

Power Requirements 
Voltage 

Operating Current 

Main supply: VS = 12 Vdc + 2 Vdc 
B a c k ups u p ply: 1 4 V de> VB > 
(VS-0.7) Vdc 

360 rnA max imum 

NOTE 
If the backup supply is implemented, 
total operating current is shared. 
Main supply: 350 rnA maximum 
Backup supply: 10 rnA maximum 

Standby current 
(Bac kup Suppl y) 

Number of channels 

Digital input 

Output Characteristics 

General 
Re sol ut i.on 

Linearit.y 

Temperat.ure 
drift 

Long term 
drift 

To tal mod ul e 
output 

Vol tage 
Output 

Offset 

Ga in 
accuracy 

Current 

Output 

10 rnA max imum 

Four 

Natural binary, unipolar 

One part in 1024 of full scale 

~l LSB maximum between end points 

Gain: 200 microvolt/degree C 
Offset: 200 microvolt/degree C 

Gain: 2 mY/initial 1000 hr 
Offset: 2 mY/initial 1000 hr 

80 rnA max imum 

o to 10.230 V @ 15 rnA maximum 

Adjustable to zero on all outputs 

40 mV maximum interchannel 
differential 

o to 20 rnA 0 r 4 to 20 rnA @ 1 elV 
max imum 
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Offset 

Gain 
accuracy 

Protection 

Physical Characteristics 
Dimensions 

Field connector 

Environmental 
Characteristics 

Heat dissipation 

Ad jus tab 1. e to ze roo r 4 rnA 0 n all 
outputs 

Adjustable to 20 rnA on all outputs 

All outputs are protected from 
negative overvoltages by reference 
diodes to ground and from positive 
overvoltages by a 13 V zener clamp. 
The current outputs are additionally 
protected by a 1/16 A fuse. 

Quad module, triple width, 8-1/2 
inch length 

Cable type BC40A or customer­
supplied 50 pin Berg 

Complies with DEC STD 102 Class C. 
Operates in convection cooled 
environment up to 60 degrees C 
ambient. 

13 Btu/hr maximum 
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FUNCTIONAL DESCRIPTION 

A631 
FOUR CHANNEL 12-BIT ISOLATED D/A CONVERTER 

The A631 module contains four group-isolated 12-bit digital to 
analog converters (DACs). It offers a choice of voltage or current 
outputs, and has the additional capability of retaining its output 
levels during a computer power failure. Provision is made for 
reading the outputs, resetting all outputs, and reading the 
generic code. 

DETAILED DESCRIPTION 
A simplified block diagram of the A631 is shown in Figure 6-24-1. 
At the left of the figure, the unit receives data and control 
signals from the D-bus. These signals are transmitted to the 
module's four DACs through optical couplers that isolate the 
analog circuits from the computer. Digital data bytes are 
converted to analog voltages or currents by the four DAC channels 
and are output through the field interface connector. 

The figure also shows a RAM that stores the output data on the 
computer side of the isolation, a dc-to-dc converter that produceS 
isolated dc power for the DAC circuits, a precision voltage 
reference, and a control section. The following paragraphs 
elaborate on individual sections of the block diagram and discusS 
the module's control sequences and data flow. 

Register Formats 
The four DACs of the A63l each occupy two byte addresses, a total 
of eight for the module. D~ta bytes written to the DAC registers 
are also written in a corresponding RAM location so that the data 
written to any DAC can be read by the processor. 

A map of the RAM is shown in Figure 6-24-2. The figure shows that 
the eight LSBs, D (0-7), of DAC data occupy the low bytes in the 
DAC addresses. The four MSBs occupy the four low-order bits of the 
corresponding high bytes. The other four bits of the high bytes 
can be written to and read, but have no effect on the outputs .• 
When the GBIT is asserted, all eight bytes contain the module'S 
generic code. 

Data Paths 
The eight data lines, D(0-7), entering at the D-bus interface 
connector, go to the control section for address decoding, to the 
RAM for data storage, and to the data isolators for output to the 
DAC registers. 

The data isolators are optical couplers that allow transmission of 
data from the computer to the DACs without any common mode 
connection between the two. The addressed DAC accepts the data and 
converts it to an analog voltage or current for transmission to 
the field through JI. 
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Control Signals 
Data transfers to and from the A63l module are initiated by the 
processor and are accomplished by DATAOs and DATAIs respectively. 
Bus protocol is the same as for other D-bus modules. 

TYPICAL 
ADDRESSES 07 r LSB 

~~~~~~ __ ~~ __ ~o~o 

DAC 0 ::::~ 1'1
6

1
5

1
4

1,: I,: I : I : I} ~~i~~RITEI 
MSB~ 

07 00 

DAC' ::: ::: 1'1
6

1
5

1
4

1,3, I,: I ~ I : I 
07 00 

DAC 2 :::::: 1'1
6

1
5

1
4

1,: I,: I : ill 
07 00 

DAC 3 ::: ::: 1'16 Is141,~ I,: I : I : I 
NOTE 
IF THE G BIT IS ASSERTED ALL ADDRESSES 
WI LL CONTAIN THE MODULE'S GENERIC 
CODE. (262) 

Figure 6-24-2 A63l DAC Data Registers 

When the processor addresses anyone of the A63l module's eight 
addresses, its MY ADDRESS signal is asserted, preparing the module 
for a data transfer. The module stores the lower 3 address bits as 
ADDR0, ADDRl, and ADDR2. These signals are used to select the 
proper RAM location. They are also decoded on the field side of 
the isolators to produce one of the LDU (0-3), or LDL (0-3) 
sig nal s. These sig nal s strobe new data into the add ressed DAC 
register at the proper time in the DATAO cycle. When addressing is 
completed, the module is ready for D DIN or D DOUT, according to 
whether the program is reading or writing data. 

Data is written to the module's RAM at the same time data i,s 
written to a DAC register. When the program reads a DAC's output 
status, it receives data from the RAM, which normally contains the 
latest data written to any DAC register. 
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When the program sets the TBIT in the CSR of the IDeM, it can then 
exercise the module by writing and reading into and out of its RAM 
registers without affecting the current or voltag'e outputs. 
Setting the CBIT or DBIT resets all the module's DAC outputs to 
zero unless the retentive mode is implemented, but does not affect 
the contents of its RAM registers. Current and voltage outputs 
remain at zero when the CBIT and DBIT are cleared, until new data 
is written to them. Note that neither the CBIT, nor the DBIT, nor 
INIT will clear the module's memory. In fact, the only way to 
clear the RAM is to write zeros in it. 

DAC Circuit 
All four A631 DAC circuits are identical. A block diagram of one 
of them is shown in Figure 6-24-3. Note that all data and control 
signals are transmitted through optical isolators, as this part of 
the module is isolated from the computer. 

The 12-bi t data input to the DAC is in two bytes. The high byte, 
which contains the four .MSBs, is wr i tten first and stored in the 
holding register. The low byte, which contains the eight LSBs, is 
written next. When the low byte is written, it and the four MSBs 
in the holding register are simultaneously loaded into the output 
register, which drives the DAC. All twelve bits are, therefore, 
input to the DAC at once. Note that there is a separclte holding 
register for each DAC channel, therefore, operation of the four 
DAC channels is totally independent. 

Dig ita 1 to a n a log con v e r s ion 0 f the 12 - bit DA C in put i s 
accomplished by a single integrated circuit that contains a 
current switching R-2R ladder. Its output is a current that is 
proportional to the sum of the weights of the asserted bits of its 
12-bit input. 

The output of the DAC integrated circuit drives a separate 
ope rat ion a 1 am pI i fie r t hat con v e r t s the 0 u t put cur r e n t . 0 f the 
1 add er nE!two rk to a propo r tional vol tag e. Th is ampl if i er uses a 
precision feedback resistor that is included in the DAC integrated 
circuit for this purpose. The output of this amplifier is the DAC 
channel's voltage output. The voltage amplifier output is also 
input to a second circuit that provides the DAC channel's current 
output. Both outputs are connected to the module's field interface 
connector. 

Although separate voltage and current outputs are provided, they 
cannot be used simultaneously. When the module is calibrated, the 
DAC reference (see below) is configured according to whether the 
DAC is to be calibrated for voltage or current,output. Since, the 
reference selection is made for all four DACs, they must all be 
used in the same (current or voltage) mode. 
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Conversion Bit Weights 
A vol tag e 0 r c ur r en t 0 u t pu tis the sum 0 f the bin a r y we i g h t s 0 f 
the aSBerted bits in the 12-bit output data regi:3ter. For a 
voltage output, the value of the LSB is 2.5 mV (0.0025V), and the 
output can be any multiple of that value from zero (no bits 
asserted) to a full scale value of 10.2375 V (all bits asserted = 
2 • 5 mV x 40 95) • 

For example, if an analog output of 2.605 volts is r·equired, the 
necessary 12-bit binary output word is computed as follows: 

E out 2.605 

LSB 2.5 X 10-3 1042 decimal = 

= 010 000 010 010 binary 

The DAC current output LSB value is 5 microamps, and it has a full 
scale range of zero (no bits asserted) to 20.475 m.~ (all bits 
asserted). Table 6-24-1 lists the weights of all the bits for both 
voltage and current outputs. 

Table 6-24-1 Bit Values 

Weight 
Vol tage Current 
Outputs Outputs 

Bit No. (mV) (mic roamps) 

0 2.5 5 
1 5 10 
2 10 20 
3 20 40 
4 40 80 
5 80 160 
6 160 320 
7 320 640 
8 640 1280 
9 1280 2560 

10 2560 5120 
11 5120 10240 

Total 
(All Bits Asserted) 10237.5 20475 

DC Power and Operating Modes 
The analog circuits of the A631 module require +15 Vdc. These 
voltages are not available on the O-bus, and are supplied by a 
regulator circuit, the input of which is either the on-board dc-dc 
converter, or external +24 Vdc power suppl ies furnis:hed by the 
user. 
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If, as is normally the case, the on-board dc-dc converter provideS 
the dc power, then when computer power is turned off, the analog 
circuits (i.e., the DAC output channels) no longer function. 

If it is desired to have the DACs retain their existing outputs 
d ur ing a compute r po we r shut-down, the use r can impl emen t the 
A631's retentive output option. 

To implement the retentive mode, dc power for the DAC circuits 
must be provided by user-furnished +24 Vdc external powe~ supplieS 
(Figure 6-24-4). Jumpers WI and w"2, (shown in the figure) are 
added to connect the external power; jumpers W3 and W4, and 
capacitors C32 and C42, are removed to disconnect and disable th$ 
module's dc-dc converter. Not shown in the figure is a resistor 
(R44) in the control section that must be removed to disable the 

DBIT and INIT functions. These functions must be disabled because 
when the computer senses that power is being removed, it asserts 
INIT, which would clear the DAC outputs, thus defeating the 
purpose of the retentive option. 

If the user wants the computer to reset the DAC outputs when its 
power goes down, but has an application that requires minimum 
noise, he can disable the A631' son-board dc-dc converter, and 
provide his own low-noise power supplies. This is accomplished by 
making the changes as described above for the retentive option., 
except that resistor R44 is left in the circuit. 

C32 C42 

f­
Z 
LU 
f-o ...J 
CL « 
~ f-
LU Z 
f- LU 
(/) f­
r 0 
~ CL 
::> 0 
(/) ...J 

~ ~ 

W2 

W1 

±15 V 
REGULATOR 

'---0- -0---...,--1 

J1 

9 
10 

41 

42 

TO DACS 
____ --~A.~---"'" 

+15 -15 
VDC VDC 

-10V OR 
+3.3 V 
REF 

+25 VDC 

-25 VDC 

Figure 6-24-4 Isolated Power Options 
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Reference Circuit 
The A631 includes a stable reference for the DAC circuits (Figure 
6-24-5). This circuit provides -10 Vdc when the DAC' s voltage 
outputs are used, or +3.3 Vdc when the current outputs are used. 
The input to the circuit is +10 V which is provided by a precision 
ref ere nee. Th i sis folIo we d by an 0 pe rat ion a 1 am pI i fie r c i r cui t , 
the output of which is the appropriate reference levE~l. Changing 
the reference from voltage to current mode is done before 
cal ibration wi th swi tches. The swi tches reconfig ure the ampl i fier 
c i r cui t from an in v e r tin g am pI i fie r for the -1 0 V ( v 0> 1 tag e) mod e 
to a voltage divider and voltage follower for the +3.3 V (current) 
mode. Switch settings are discussed under "Calibration". 

Address Selection 
The addresses for this module must be assigned according to the 
rules stated in Chapter 4. They are selected on the module by the 
5-Pole swi tch E15 shown in Figure 6-24-6. An example of one 
possible address selection is shown in Figure 6-24-7 to illustrate 
the use of this switch. 

AD2700L 
10V REF 

E66-1 

10K 10K 

300 

10.3K 

E66-5 

>-0"---. V REF 

MA-5153 

Figure 6-24-5 Reference Circuit 

Generic Code 
The generic code of the A63l DAC module is 262. 
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SELECT 
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Figure 6-24-6 A631 DAC Mod ul e 
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E15 

0 0 ,., ,., z 
DAC MODULE 
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w 0 -> 

= 171260-171267 
~ 

(J'1 

OJ 0 

-> (J'1 

BITNoJ 

BIT SELECTION} 
0= OFF -
1 = ON 

MA-5124 

Figure 6-24-7 A631 Address Selection Example 

Screw Terminal Connections 
The reader should refer to Chapter 3, Paragraph 3.8~5, for general 
field interface information .. The A63l uses the BC40A screw 
terminal assembly. Refer to Table 6-24-2 for this module's screw 
terminal configuration. 

pi n ConnE~ctions 
The A631 module pin connections for Jl, the I/O cable connector, 
are listed in Table 6-24-3. 
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Table 6-24-2 

Field 
Channel 
Number 

00 I ~~~~urn lout 
lreturn 

Field +24 Vdc* 

I 
~~~~urn 

01 lout 
lreturn 

Module A63l Screw Terminal Connections 

BC49A Screw Terminal Assembly 

Screw 
Terminal 
Number 

1 
2 
3 
4 
5 
6 
7 
8 

{ 1~ 
11 
12 
13 
14 
15 
16 

Field Power return* {
I 7 
18 
19 

02 I 
Vout 
Vreturn 
lout 
lreturn 

Field -24 Vdc* 

03 I 
Vout 
Vreturn 
lout 
lreturn 

20 
21 
22 
23 

{
. 24 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

* For retentive mode only - user furnished 
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Table 6-24-3 Module A631 I/O Connections 

Module 
I/O 
Connector Field 

I/O 

Module 
I/O 
Connector 
Pin 

Field 
I/O Pin 

1 
3 
5 
7 
9 

11 
13 
15 
17 
19 
21 
23 
25 
27 
29 
31 
33 
35 
37 
39 
41 
43 
45 
47 
49 

Vout Chan 0 
lout 
Field +24 Vdc* 

Vout Chan 1 
lout 
Fi eld Power Ret urn 

~ 

Field Power Return 

Vout Chan 2 
lout 
Field -24 Vdc* 

Vo ut Chan 3 
lout 

2 
4 
6 
8 

10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 

Vreturn Chan 0 
Ireturn 
Field +24 Vdc* 

Vret urn Chan 1 
Ireturn 
Field Power Return 

, 
Field Power Return 

Vreturn Chan 2 
Ireturn 
Field -24 Vdc* 

Vreturn Chan 3 
Ireturn 

* For retentive mode only - user furnished. 

APPLICATION NOTES 

1 • 'rh e c ur r en t 0 u t pu t s 0 f the A63 1 co v e r the r an9 e 0 f 0 - 2 0 
mAe If it is desired to use this module as the source of 
an industry-standard 4-20 rnA signal, the 4 rnA offset must 
be provided by the application software. While this 
approach decreases the DAC's resolution by 20 percent, it 
has the advantage of protecting the process from certain 
types of computer failures. For example, if the computer 
fails in a way in which the I/O subsystem is reset, the 
DAC outputs will go to zero (except in retentive mode) • 
']~he process then interprets this condition (DAC output 
less than 4 rnA) as an error, and takes appropr iate 
fail-safe action. 
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2. If the user requi res retentive outputs (i.e., outputs 
that are unaffected by a computer power failure), he must 
provide +24 Vdc power to the module. He must also add 
jumpers WI and W2, remove jumpers W3. and W4, remove 
capacitors C32 and C42, and remove R44. The location of 
these components is shown in Figure 6-24-6. Note that 
high frequency noise on the outputs of the user-furnished 
+24 Vdc power suppl ies wi 11 be re fl ec ted to some ex ten t 
Tn the DAC outputs. For best results these power supplies 
should be the linear regulated type. 

3. Wh e nth ere ten t i v e f eat u reo f the A 6 31m 0 d u 1 e i a 
implemented, the user must also implement whatever; 
circuit changes may be necessary to update the system 
IOCM. That is, the IOCM circuit must be the revision 
level listed below or later. 

IOCM 

M7958 
M7959 
M8719 

Circuit Schematic 
Rev. Level 

H 
A* 
C 

* All versions of the M7959 are usable without modification. 

Configuration Constraints 
If the retentive feature of the A631 module is implemented, the 
module's current requirements are partially served by the external 
field power supplies, and there are no system constraints imposed 
by the A631. In addition, use of A63ls in the voltage mode does 
not constrain the system. However, if the retentive feature is not 
implemented, each A631 module, when used in the current mode, can 
d raw up to 4 50 rnA from its + 1 2 V po we r s u pp 1 Y • If m ul tip 1 e 
current-mode A631 modules are used in a single chassis (or in two 
chassis powered by the same power supply), there exists the 
possibility of overloading that power supply, causing improper 
operation of the subsystem. This situation is avoided by observing 
the following configuration guidelines for each type of chassis. 

H334-E and H334-J Chassis - Each of these chassis contains its own 
H7872 power supply. Maximum current for this supply is 4 Amperes. 
Overloads are avoided by observing one of the following 
guidel ines. 

1. Leave one slot unused. All nine remaining slots can then 
be filled with current-mode A631 modules. The unused slot 
must have an M90l9 continuity module, unless it is the 
last slot in the I/O subsystem. 

2. Use five or fewer current-mode A631 modules; the 
remalnlng slots can be used for any other module types 
(including voltage-mode A631 modules) • 
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3. Use 6, 7, 0 r 8 curren t-mode A631 mod ules , and rna ke 
certain that the remaining current capacity of the H7872 
power supply is not exceeded by computing the total 
current requirements of the modules used in the remaining 
slots. 

H334-A, H334-8, and H334-X Chassis- These chassis are powered in 
pa irs by the H7870 power suppl y (Chapter 1, Paragraph 3. 3.1; and 
Chapter 3, Table 3-1). The maximum current for the +1:2 V portion 
of this supply is 6 A. Since it usually powers two chassis, the 
current requirements of all modules in both chassis must be 
computed to make certain that multiple current-mode A631 modules 
do not overload it. 

H333-A and H333-8 Chassis - Each of these chassis is powered by a 
separate H7870 power supply. Although this chassis accommodates 
only eight I/O modules, its +12 V power supply also powers the 
IOCM and any other LSI-II modules that are present. The user must 
compute current requirements for all these modules, and make 
certain that the use of multiple current-mode A63l modules does 
not overload the +12 V power supply. In addition, the total power 
del ivered by the power supply must be calculated (both +5 V and 
+12 V supplies) and determined not to exceed 122 watts. 

Calibration 
The DAC module is accurately calibrated at the factory and is 
ready for service in the voltage mode when received by the user. 
The customer may wish to change from the voltage to the current 
output option. This necessitates recalibration of the module. 

When calibration is necessary, it is accomplished by means of 
diagnostics included with the I/O subsystem. Instru.ctions for 
using these diagnostics are included with the software package. 

Iden ti f icat ion 0 f adj us tments and swi tches is prov ided in Fig ure 
6-24-6 •. 7\ careful study of this figure is recommended to avoid 
selecting the wrong adjustment during the calibration procedure. 

Details of the reference voltage selection switches are shown in 
Figure 6-24-8. These switches should be operated only when 
changing the DAC outputs from voltage to current or vice versa. 

Proper placement of the meter leads and precision res.istor used 
d ur ing current mode cal ibration is essential to achieve a val id 
result, and is illustrated in Figure 6-24-9. 

To ensure compliance with specifications, all test equipment used 
for calibration of the A631 must have been accurately and recently 
cal ibrated. In add i tion, personnel doing the cal ibration should be 
familiar with procedures for aligning precision analog equipment. 
If you are not sure of the foregoing, DO NOT ATTEMPT TO CALIBRATE 
THE A631. Factory calibration is probably better than that which 
you will be able to accomplish. 
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CAUTION 
The system must be powered down before 
inserting or removing any module. 

Equipment Needed 

Re si sto r 

Voltage reference 

SPECIFICATIONS 

500 ohm, 0.01 percent, 0. 3 W, DEC 
part no. 13-09985-00 

EDC model MV105G or equivalent 

Power Requirements From I/O Subsystem 

Voltage 

Current: 
Current mode: 

Vol tag,e mode: 

Retentive mode: 

Main supply: VS = 12 Vdc + 2 Vdc - 1 
Vdc 
Backup supply: VB = 14 Vdc > VB > 
(VS - 0. 7) V d c 

Main supply: 450 rnA maximum 
Backup supply: 10 rnA maximum 
Total: 460 rnA maximum 

Main supply: 350 rnA maximum 
Backup supply: 10 rnA maximum 
Total: 360 rnA maximum 

Main supply: 90 rnA maximum 
Backup supply: 10 rnA maximum 
Total: 100 rnA maximum 

NOTE 
If the backup supply is not implemented, 
the main supply provides the total 
currents listed above. 

Power Requilrements From Optional Field Power (Retentive Mode) 

Vol tage: + 24 Vdc + 3 percent 
- 24 Vdc + 3 percent 

Current: 
Current: mode: + 24 V s uppl y: 100 rnA maximum 

- 24 V supply: 150 rnA maximum 

Vol tage mode: + 24 V s uppl y: 120 rnA max imum 
- 24 V supply: 40 rnA max imum 

6-24-16 



Output Characteristics 

Voltage Output 

Range: 
LSB: 
Max current output: 
Gain ~ccuracy: 
Gain temp. coefficient: 
Offset: 
Of f se t tem p • 
coefficient: 
Integral nonlinearity: 
Differential non­
linearity: 

Slew rate: 

Output noise: 
(peak to peak 
with 2 kohm load) 

Capacitive loading: 

Set tl ing time: 
(to 0.01% of final 
val ue) 

Channel interaction: 

Current Output 

Range: 
LSB: 
Maximum load 
resistance: 
Gain accuracy: 
Gain temp. coefficient: 
Offset: 
Offset temp. 
coefficient: 
Integral nonlinearity: 
Differential 
nonlinearity: 

10.24 V 
2.5 mV 
+5 mA 
Adjustable 
30 ppm of full scale/oC maximum 
~1/2 LSB maximum 

+50 microvolts/oC maximum 
~1/2 LSB maximum, over temp. range 

1 LSB maximum, over temp. range, 
monotonic over temp. range 

0.1V/microsecond (with a load of 
2 kohms in parallel with 150pf) 

2mV from 10 Hz to 10 kHz 
20mV from 10 Hz to 100 kHz 
150mV from10 Hz to 1 MHz 

0.1 microfarad will not cause 
instability but will degrade 
settl ing time 

150 microseconds (with a load of 
2 kohms in parallel with 150 pf) 

1/2 LSB maximum change in output 
over the temperature range, with 
a full-scale change in all other 
outputs 

0-20.48 rnA 
5 microamps 

500 ohms 
Adjustable 
30 ppm of full scale/oC maximum 
Adjustable 

0.4 microamps/oC maximum 
~1/2 LSB maximum, over temp. range 

1 LSB maximum, over temp. range, 
monotonic over temp. range 
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Slew rate: 

Output noise: 
(peak to peak with 
a 500 ohm load) 

Settl:lng time: 
(to 0h0l% of final 
val ue) 

Channel interaction: 

Isolation 

Isolation voltage: 

Common mode source: 

Common mode rejection 
ratio :: 

Physical Characteristics 

Dimensions: 

Field connector: 

Environmental 
Characteristics 

Heat dissipation: 

0.2 rnA/microsecond (with a load of 
500 ohms in series with 1000 micro­
henrys 

4 microamps from 10 Hz to 1 kHz 
40 microamps from 10 Hz to 100 kHz 
300 microamps from 10 Hz to 1 MHz 

100 microseconds (with a load of 
500 ohms in series with 1000 micro­
henrys) 

1/2 LSB maximum change in output 
over the temperature range, with a 
full scale change in all other 
outputs. 

1000 Vdc 
1000 Vac peak 

200 VA for UL approval 

120 dB from dc to 60 Hz 
70 dB at 10 kHz 
70 dB at 100 kHz 
60 dB at 1 MHz 
30 dB at 10 MHz 

Quad module, triple width, 
8-1/2 inches long 

Cable type BC40A or customer­
supplied 50 pin Berg 

Complies with DEC STD 102 Class C. 
Ope rates in convection cool,ed 
environment up to 60 0 C ambient. 

22 BTU/hr maximum 
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FUNCTIONAL DESCRIPTION 

BC4r2JL 
SIGNAL CONDITIONING SCREW TERMINAL ASSEMBL~ 

The BC4r2JL is a more versatile alternative to the BC4r2JA screw 
terminal assembly. In addition to the standard screw terminals, it 
offers a convenient means of inserting signal conditioning circui~ 
components in to the I/O field in ter face. It ma kes po ss ibl e the 
addition of series and/or parallel components to each interfacie 
circuit. Typical uses include the addition of pull-ups, 
attenuators,filter~, etc. 

DETAILED DESCRIPTION 
The BC4r2JL (Figure 6-25-1) is a specially designed screw terminal 
assembly. It is similar to the BC4r2JA in that it has a screw 
terminal field interface, and a Berg connector module interface:. 
With the ex c e p t ion 0 f term ina 1 1 7, i t m a k est h e sam eel e c t ric a 1 
connections between these two. It is dissimilar to the BC4r2JA ih 
that it is larger (23.4 X 32.5 cm = 9.2 X 12.8 in), has a Berg 
connector I/O interface (can be connected directly to the ATR16), 
and ha stu r ret term ina 1 s for qui c k and e as yin s tall at ion 0 f use rr 
designed signal conditioning circuits. 

Each printed circuit conductor path from the field interface to 
the module interface is broken in two places. These breaks are 
bridged with wire jumpers (zero ohm resistors) that can be removed 
easily to allow the substitution of other series components 
(Figure 6-25-2 shows the schematic of two of those circuit paths.) 
Turret terminals are provided at these breaks so that the new 
series components can be mounted easily. In addition to these 
terminals are others that connect to two independent common 
potential buses (Vx . and V.xRET~ as well as some. that are no!t 
connected to anytlilng. Tne -Vx and VXR T termInals providie 
convenient power connections for aevices sucEH as pull-ups or zene:r 
diodes. The uncommitted terminals are provided so that they can be 
used as convenient tie points in more complex circuits. 

INSTALLATION 
The BC4r2JL is the same height as, but wider than, a BC4r2JA; and i:s 
installed in an H332 chassis in the same manner as a BC4r2JA. rt 
merely extends deeper into the chassis. Mounting hardware and 
plastic covers are provided. The plastic covers are for the safety 
of operating personnel and must be installed after field wi ring is 
completed. The proper way to install the I/O module cable and the 
ATR16 cable (if used) is shown in Figure 6-25-3. 

APPLICATION NOTES 

General 
BC4r2JL screw terminal and Berg connector (J 1) inputs are parallel. 
The Berg connector input is provided to accommodate an ATR16 cable 
which normally plugs directly into an A157 or Ar2J2r2J. This does not 
cause any change in the field wiring to the ATR16 for these 
devices. It remains the same as listed in the ATR16 section of 
thi s manual. 
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Figure 6-25-3 BC40L Cable Installation 
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If the interfacing module is not an A157 or A020, then power is 
not available from the module, and any power requirements of the 
signal conditioning circuits must be met with a user furnished 
ex te rna! power suppl y connec ted to screw te rm inal s 1 7 and 18. In 
most cases, this will require at least the removal of jumper W17 
to isolate screw terminal 17. This is because, in most cases the 
corresponding module terminal is common. It may also require the 
removal 0 f jumpers W34 and W3 5, depend ing on whethe r or no t the 
user needs to isolate his field circuit ground from the computer 
ground. The user must consider each type of module interface 
i nd i v id ua 11 y • 

I/O Connections 
Except as noted above for terminals 17 and 18, field wiring 
con f ig urat ions for the BC40L screw te rm inal s are the same as fo r 
the BC40A, and are listed for the individual modules elsewhere in 
this chapter. Some of the more common ones are grouped together in 
Table 3-2 of Chapter 3. 
When. using the BC40L screw terminals, all field wire connections 
are the same as when using a BC40A with the possible exception of 
terminals 17 and 18. The status of these terminals depends on 
several factors and is best visualized by referring to Figure 
6-25-4. This figure is a much abreviated schematic of the BC40L, 
but it illustrates the key points (a complete schematic is 
included in the BC40L print set). 

The important electrical difference between the BC40L and the 
BC40A is that screw terminal 17 and its connection to the module 
interface, J2, are isolated from screw terminal 18. As the figure 
shows, the circuits connected to screw terminals 17 and 18 have 
several wire jumpers. These jumpers allow some flexibility in the 
use of terminals 17 and 18. 

For example, if the interfacing module is an A157 or A020, and the 
signal conditioning circuits being added require power, there are 
two power options. First, the user can provide an external power 
supply for these circuits and connect it to the common potential 
buses via screw terminals 17 and 18. In this case, jumpers 17, 34, 
and 35 must be removed to isolate the voltage on these buses from 
the module and the ATR16. 

Second, if +12V is sui table for the signal cond i tioning c ircui ts, 
and current requirements are modest, then the +12V ATR16 power 
from the module can be used for the BC40L common potential buses. 
This is done by leaving the jumpers intact and turning on the 
appropriate module switch (i.e., E30-4 on the A157, or E6-l0 on 
the A020). Note that this can be done whether an ATR16 is being 
used or not. 

CAUTION 
Maximum additional loads on the +l2V 
module power from the A157 and A029 
modules must not exceed 95 and 145 mA 
respectively. Using the +12V module 
power option for loads greater than this 
will cause improper operation of the 
subsystem. 
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Figure 6-25-4 BC40L Simplified Schematic 

Channel Number and Component Identification 

1
(21-25) 

(27-30) 

Ml\-4810 

Dotted lines have been included in Figure 6-25-1 to emphasize the 
iterative patterns of terminals, components and field channel 
numbers. Part of Figure 6-25-1 is repeated in Figure 6-25-5 which 
identifies these items and explains the significance of markings 
on the printed circuit board. Table 6-25-1 corrE!lates cell 
numbers, screw terminal numbers, and Berg connector pin numbers. 

Application Examples 
Schematics and component layouts of ten circuits that might be 
implemented using the BC40L are shown in Figures 6-25-6 and 
6-25-7. 
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Figure 6-25-5 Channel Number and Component Identifications 
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T 
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Table 6-25-1 Terminal Identification 

C40L Turret Screw 
;erminal Terminal Pin Numbers 
ell Number Number Jl J2 

1 1 50 
0 

2 2 49 

3 3 48 
1 

4 4 47 

5 5 46 
2 

6 6 45 

7 7 44 
3 

8 8 43 

9 9 42 
4 

10 10 41 

11 11 40 
5 

12 12 39 

13 13 38 
6 

14 14 37 

15 15 36 
7 

16 16 35 

17 25 26 

18 (21-24) (21-25) 
(26-30) (27-30 ) 

19 35 16 
10 

20 36 15 

21 37 14 
11 

22 38 13 

23 39 12 
12 

24 40 11 
t 
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Table 6-25-1 Terminal Identification (Cont) 

BC40L Turret Screw 
Terminal Terminal Pin Numbers 
Cell Number Number Jl J2 

25 41 10 
13 

26 42 9 

27 43 8 
14 

28 44 7 

29 45 6 
15 

30 46 5 

31 47 4 
16 

32 48 3 

33 49 2 
17 

34 50 1 
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FUNCTIONAL DESCRIPTION 

A158 
RMS INPUT MULTIPLEXER 

The A158 RMS input mu1 tip1 ex er 0 ffe r s a means 0 f mon i to ring ac 
voltages, currents, and power consumption. It is particularly 
useful in power control and energy management applications. It is 
an analog multiplexer, and is intended to be used with the A014 
analog input subsystem on the D-bus. 

The module accepts up to eight pairs of voltages, and eight 
current input signals (Figure 6-26-1). A multiplexer selects a 
voltage input signal, and its corresponding current input. These 
are amplified and input to separate RMS-to-dc converters, and to a 
multiplier and averaging circuit. Three dc voltages are produced, 
represen ting the RMS vol tag e, the RMS cur ren t, and the av erag e 
power of the selected inputs. These voltages, along with a fourth 
(a calibration reference), are input to the module's output 
multiplexer. One of the four, selected by the processor, is routed 
to the A0l4 via the D-bus, where it is converted to digital data. 

The A158 is a product of DIGITAL's Computer Special Systems group. 
Additional information is available in CSS document number 
YM-C152C 

A 158 

V 1 

11 
VRMS 

AC 
INPUT 

PAVE 
IN MUX 

OUTPUT DANA SIG .... TO 

IRMS 
MUX A014 

V8 

18 
VTEST 

Fig u r e 6·"- 2 6-1 A158 Block Diagram 

6-26-1 





7.1 SCOPE 

CHAPTER 7 
SERVICE PROCEDURES 

This chapter provides enough information to enable a person with 
mlnlmum exposure to the I/O Subsystem to effect a repalr ln 
minimum time. Throughout this chapter, the reader is referred to 
sections in other chapters where more detailed information may be 
found about items such as switch settings, configurations, etc. 
This chapter concludes with a trouble analysis flowchart (Figure 
7-2) that illustrates a logical approach to fault isolation. The 
chart is intended only as a useful guide to trouble analysis and 
does not exhaust all possibilities for system malfunction. 

WARNING 
Remember that the I/O Subsystem is a 
process controller, and its I/O modules 
may well control very sophisticated and 
perhaps even dangerous industrial 
processes. Therefore, before initiating 
any diagnostics that may affect field 
signals produced by the I/O modules, 
always check with the customer for any 
safety precautions and any restrictions 
on the operations that can be performed. 

7.2 REQUIRED EQUIPMENT AND MATERIALS 
In addition to standard hand tools, probes, etc., the following 
e qui pm en tan d mat e ria 1 s are r e qui red top e r for m m a i n ten a nee 
procedures. The two dual extenders serve as a single quad. 

Digital voltmeter 
Osc i 110 scope 
Vo 1 tag e stand ard 
Module extenders 
Di ag no st ic 
Print set 

7.3 SPARES 

Weston Schlumberger model 443 or equivalent 
Tektronix model 465 or equivalent 
E.D.C. model MV105G or equivalent* 
Two W900 (multilayer extenders must be used) 
MD-ll-CVPCAD-0 
B-TC-H333 

It is recommended that the customer stock one spare for every ten 
modules (or fraction thereof) of a given type. The following fuses 
should be stocked in quantities of five each. 

Fuse Type DEC Part No. 

picofuse 62.5 rnA 90-09122 

Picofuse 1 A 12-10929-02 

Where Used 

M50l0, M50ll, M50l6, A630 

M6010, M6011, M5014, M6010-YA, 
A014, A156, A157, M6014 

*The voltage standard must have been accurately calibrated within 
the last six months to achieve acceptable calibration of analog 
I/O mod ul es. 
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Picofuse 0.5 A 12 -0 91 5 9 - 0 0 A020 

Picofuse 2 A 12-11751 M6012, M6015 

Special 12-12442 M6013 

6.25, A 250 V, SB 90-07223-00 H7870 power supply ( 115 V) 

3 A, 250 V, S8 90-07218-00 H7870 power supply (230 V) 

2 A, 250 V, SB 9007216-00 H7872-A power supply (115 V) 

1.5 A, 250 V, S8 9007213-00 H7872-B power supply 

WARNING 
Use of any fuse other than the one 
specified for the M6013 module may 
res u I tin per son a lin j u r y, e qui pm e n t 
damage, and/or improper operation. The 
module is equipped with a spare holder 
for this fuse to ensure that one is 
always conveniently available. 

7.4 ADJUSTMENTS 

(230 V) 

Adjustments may be required for the power supplies and the analog 
I/O modules. Adjustment procedures for analog I/O modules are part 
oft he ][ / a sub s Y s t em d i a g nos tic pro g ram. Lo cat ion s 0 f the 
adjustments on these modules is shown in Chapter 6 of this manual. 
Power supply adjustment procedures are given below. 

7.4.1 H7870 Power Supply Adjustment 
Power supply voltage measurements can be made without removing the 
power supply; however, if adjustment is required, the supply must 
be removed. The adj ustment potentiometers (marked on the modul e) 
are located on the printed circuit board inside the supply (Figure 
7-1). Adj ust the power supply as follows. 

1. lRemove power supply cover and sl ide power supply out 
until access to the adjustments is possible. 

NOTE 
In order to slide the supply out far 
enough to access the adjustments, it may 
be necessary to unplug the 
console/backplane interface cable. If 
this is done, proper orientation of the 
connector must be observed when 
reinstalling it (Chapter 3, Paragraph 
3.3.4 and Figure 3-14). 

2. }\t tac h DVM probes to fron t panel test po in ts + 5 V and 
HETURN (R). 
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H7870 POWER SUPPLY 
VOLTAGE ADJUSTMENT POTS -~--=~ 
ON P.C. BOARD UNDER COVER 

H7872 POWER SUPPLY 
R6 VOLTAGE ADJUST 

SLIDE CHASSIS FORWARD 
TO ADJUST R6 THROUGH 
ACCESS HOLE ON BOTTOM 

Figure 7-1 

+ 

12V TEST 
POINTS 

Power Supply Adjustments 

3. Vol tage read ing should be +5.1 V +0.15 V. 

4. If reading is out of tolerance, correct by adjusting the 
+5 V potentiometer. 

5. Move the (+) DVM probe to the +12 V test point. 

6. Reading should be +12 V +0.36 V. 

7. If reading is out of tolerance, correct by adjusting the 
+12 V potentiometer. 

8. Sl ide the supply back into the frame and replace the 
cover. 
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7.4.2 H7872 Power Supply Adjustment 
Calibration of the H7872 +12 V output is accomplished by adjusting 
R6, which is accessible when the power supply is pulled forward in 
its chassis. Access for the adjustment tool is throu~Jh a hole in 
the bottom of the power supply drawer (Figure 7-1). If adjustment 
is necessary, proceed as follows. 

1. Remove the two screws that fasten the power supply to the 
chassis and slide it out until access to R6 is possible. 

2. Attach DVM probes to the front panel test points + and 
-12 V. 

3. Voltage reading should be +12 V ±0.36 V. 

4. If reading is out of tolerance, correct by .adjusting R6 
(Fi 9 ur e 7 -1) • 

5. Sl ide the power supply back into the chassis and replace 
the fastening hardware. 

7.5 CORRECTIVE MAINTENANCE 
Correct:ive maintenance has been simplified in the I/O Subsystem. 
Mo s t fa i 1 u res can bel 0 cat e din min i mum tim e by us i ng the 
main tenance tool s avail abl e. Th i s sec tion incl ud es main tenanc e 
feature descriptions and maintenance tips, which should be 
understood when solving a problem, and a corrective maintenance 
approach listing the basic failure analysis techniques. The flow 
diagram (Figure 7-2) is a useful guide to fault isolation. 

7.5.1 Maintenance Features 
The following is a list of maintenance features built into the I/O 
Subsystem. 

1. Maintenance bit - a CSR bit that provides two functions: 

a. It generates a maintenance interrupt when the 
interrupt enable bit is set. After the j'.nterrupt is 
accomplished, reading the IAR (interrupting address 
register) returns the low byte of the C:SR (control 
s tat us r eg i s t e r) ad d res s ( 3 7 7) • 

b. With the maintenance bit set, reading any address 
returns the low byte of that address, whether or not 
there is a module with that address installed in the 
subsystem. 

2. Some input modules are able to read the compl(~ment of the 
input data when the TBIT is set in the CSR. Many of the 
other modules have an additional built-in test capability 
that is activated by the TBIT. 

3. Output modules are able to read back the data that was 
written out to them. 
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ADJUSTMENT 

PROCEDURE 
REF.SEC.7.3 
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M = MAP OF D-BUS 
S '" SYSTEM TEST 
D = DIGITAL MODULE TEST 
A = ANALOG MODULE TEST 
1= 10CM TEST 

X '" EXERCISER 
T '" SET SWITCH REGISTER 
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,---------~~,------~ 
{IF SYSTEM GOES ON LINE '\ 
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TERMINAL CONNECTIONS 
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ADDR 
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CABLES. 

HARNESSES 

Figure 7-2 I/O Subsystem 

Flowchart Trouble Analysis 

7-5 

MA-0177 

MA-0118 



4. The A/D converter module (A0l4) has an on-board ramp 
feature that allows a basic check of the analog circuits. 

5. The D/A converter module (A630) contains circuits that 
allow the outputs of the four channels to be compared and 
the result of the comparison sent back when the module i~ 
read. 

6. All modules can have their inputs/outputs disabled by 
setting the DBIT in the CSR. 

7.5.2 Maintenance Tips 
The following tips are important when performing maintenance on 
the I/O Subsystem. 

1. 

2. 

Isolate the I/O control module. In an IPll 
system, this is accomplished by removing the 
module; in an IPl10 or IPV10 system, unplug 
cable from the M87l9 I/O control module. 

or IP300 
first I/O 
the D-bus 

Ensure that an I/O failure is not common to 
modules. For example, if you attempt to read a 
data and receive the low byte of the module's 
and 0 the r mod ule s reac t the same, the probl em 
likely to be in the control module. 

all I/O 
modul e' S 
address, 
is mo s1:;. 

3. I/O module addresses do not have to be contiguous. 

4. I/O modules use from 8 to 64 bits depending on the type. 
Data is in 8-bit bytes; therefore, a 32-bit module has 
four bytes and requires four addresses. Module addressep 
must not overlap, i.e., if a 4-byte module has it$; 
address set to 1 71000, the next module must have it~ 
address set to 171004 or higher. If its address were set 
to 171002, an overlap condition would exist. Moreover, 
I/O module addresses must not overlap the CSR or the IAR, 
e.g., a 4-byte module cannot have its address set to 
171374. 

5. Multibyte modules must use appropriate address boundaries 
as discussed in Chapter 4, Paragraph 4.2.1. 

6. The d iag nost ic pr in ts an I/O modul e map (when the 1M 
option is selected), giving module types and addresses. 
The list begins with the lowest address. The listing will 
not match the physical module layout unless the addresses 
have been assigned in ascend ing order on the D-bus. Fo r 
instance, the following situation might occur. 
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Physical Module Layout Printed Map 

Slot Module Address Module Address 

1 M5012 771000 M5012 171000 
2 M5010 771020 M6010 171004 
3 M6010 771004 M5011 171010 
4 M5013 771015 M6013 171014 
5 M6013 771014 M5013 171015 
6 M5011 771010 M5010 171020 

NOTE 
In addition to the module number and 
address, the module map includes the 
full name of the module. 

7. All modules have switches for selecting addresses. These 
switches should be checked before replacing a suspecit 
module. 

8. A no tebook conta in ing . the I/O mod ul e config ur at ions and 
o the r pe r tin en tin form a t ion will no rm all y be m a in t a i ned 
in the vicinity of the system. When running the map 
option of the diagnostic, this list should be compared to 
the notebook to ensure that all I/O modules hav'e 
responded. 

9. If there is an empty slot(s) between I/O modules o:r 
between the IOCM and the first I/O module, a continuit!y 
module (M9019) must be installed in the C and 'D 
connectors of the empty slot(s). 

10. 'Jlhe M7958 (IOCM) must be the last LSI-II option on the 
LSI-II BUs, not counting the bus terminator. 

11. An I/O module or the IOCM must never be plugged into o'r 
removed from the subsystem with system power applied. 
This invariably damages the modules. 

12. The IOCM and the I/O modules use CMOS logic; if failureis 
require that ICs be replaced on these modules, 
precautions for handling static-sensitive components must 
be used. 

13. On subsystems wi th mul tipl e po we r suppl ies, syste'm power 
should be controlled by the master power switch either on 
the H333 or PDP-II CPU. If power supply problems require 
that individual power switches be cycled, the entire 
subsystem must be powered down and the I/O modules 
removed from the suspect chassis. After the modules are 
removed, the individual power switch for that chassis can 
be cycl ed. 
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14. If problems appear to be in the field wiring, the LEOs on 
the I/O modules should be checked for proper installation 
and seating. If a LED has become unseated, reinstall it 
with the cathode toward the dot etched on the printed 
circuit board. 

1 5 • Th ere are tim i n g res t ric t ion s t hat a f f E~ C t S Y s tern 
programming (Chapter 4, Paragraph 4.5.4). 

16. Memory refresh should be performed only by the MSVll-C or 
MSVll-O memory modules. Refresh by the CPU or by the 
REVll-A must be disabled or improper operation will 
result. 

7.5.3 Basic Failure Analysis Procedure 
Throughout this discussion it is assumed that 
Subsystem has a problem and that the rest of 
operational. 

NOTE 

only the I/O 
the system is 

Although the diagnostic disables the I/O 
modules from the field wiring, it is a 
good practice to remove all power from 
the fie I d wi r i n 9 toe n sur e t hat no 
output point will be inadvertently 
enabled. 

7.5.3.1 Quick Checklist - The following is a list of the more 
common causes of failure and should be checked initially. 

1. Check bus cables for proper installation (Chapter 3, 
Pa rag r a ph 3. 3. 2.3) • 

2. Ensure that switches on the control module are set 
properly (Chapter 3, Paragraph 3.5.1). 

3. Ensure that there are no empty slots between I/O modules. 

4~ Check indicator lamps on power supplies (Figure 7-1) and 
control module (Figure 3-16 or 3-18): 

a. Power supplies - DC ON - is on 

b. Control module indicators - +5 V and +12 V ON - all 
others off. 

5. Check screw terminal cables for proper installation 
(Cha pte r 3, Pa r ag ra ph 3. 3. 3.3) • 

6. Check power supply voltages (Paragraph 7.3). 

7.5.3.2 Diagnostic Check - Load and run diagnostic MD-ll CVPCAO-0. 
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1. Run the map (M) option and ensure that all I/O modules 
respond properly. 

2. Run the system test (8) option. 

3. Most faults will be located by running the above options'. 
One notable exception is the final stage of an I/O 
module, which cannot be tested by the diagnostic. 
Therefore, if a problem is encountered with "BIT XX" on 
one of the I/O modules, and running the diagnostic 
indicates the module is functioning properly, the problem 
may still be on the module. If the application allows the 
use of field wiring during the test, the diagnostic 
subtests should be used to verify the operation of the 
I/O stages of the suspect module. If this fails tio 
isolate the fault, the field wiring should be checked to 
see if the proper signals are present. 

4. Dete rm ine whether the probl em is a ssoc i a ted wi th onle 
module or more than one. A fault on the control modul:e 
can make alII/Os appear faulty. One I/O module could 
cause a bus problem that would make alII/Os appear bad. 

5. Bus fa ul t i sol at io n - Isol at ion 0 f mod ule s in the I/lO 
subsystem is readily accomplished. 

a. Control modules are isolated from the I/O modules as 
follows: 

b. 

M7958 remove first I/O mod ul e 

M7959 unpl ug D-bus cable from Jl of M7959 

M8719 unpl ug D-bus cable from Jl of M87l9 

Remov ing any I/O mod ule will open the bus 
(H333) chassis. 

NOTE 
Some bus signal s in the H334 expansion 
chassis are bussed straight across the 
backplane and removing a module will not 
isolate them. In this case, all modules 
must be removed and then reinstalled one 
at a time to isolate a fault. 
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A.I GENERAL 

APPENDIX A 
MNEMONIC DEFINI1IONS 

Some signal names in this list differ by a prefix only such as B 
DIN, D DIN, and R DIN. DIN stands for Data In in each case, but 
the spaced prefix further identifies the signal: 

BUS XXX - UNIBUS signal 
B XXX - LSI-II bus signal 
D XXX - D-bus signal. 

The references identify a location where the signals may be 
observed, for example, IOC E6-S stands for M795S I/O Control, 
component E6 and pin S (refer to print set B-TC-H333). 

Mnemonic 

ADRO 

A00 

B IRQ 

B RPLY 

B SYNC 

BUS BR 

BUS BG 

BUS SACK 

BUS INTR 

Definition 

Ref. IOC E6-S. Address Out Asserted at the 
beginning of the D-bus Cycle 
Selects the address mode of the D-bus output 
mul ti pI exer 

Ref. IOC E2-6. Address Bit - Assertion means an 
odd address has been selected 
Causes transceivers to transmit high byte 

Ref. laC E21-S. Bus Interrupt Request - Asserted 
by subsystem if its interrupt enable and flag 
signals are asserted 
Means some device on the LSI-ll bus require:s 
service 

Ref. IOC E35-1'0. Bus Reply - Asserted in response 
to B DIN, B DOUT, and IAK transactions 
Indicates some device on the LSI-ll bus has 
accepted output data or placed input data on the 
bus 

Re f. IOC AJ2. Bus Synchroni ze - Asserted by bus 
master to indicate it has placed address on bus 

Bus Request Assertion means a device is 
requesting control of the UNIBUS 

Bus Grant - Assertion means a device is granted 
control of the UNIBUS 

Selection Acknowledge - Assertion means device 
acknowledges its selection as UNIBUS master 

Interrupt - Assertion means a device has put its 
interrupt vector on the UNIBUS 
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Mnemonic 

BUS Cl 

BUS MSYN 

BUS SSYN 

CIA 

CLR 

C MAINT 

C RIF 

CSR 

D ADDR 

D-BUS 

DCE 

D DIN 

D DOUT 

Defini tion 

Assertion means a data transaction from slave to 
master (DATI) 
Negation means a data transaction from master to 
slave (DATO) 

Master Sync _. Assertion means the UNIBUS master 
is starting a data transaction 
Negation means the UNIBUS master considers the 
transaction complete 

Slave Sync Assertion means that the UNIBUS 
slave has valid data on the UNIBUS or that it has 
accepted data from the UNIBUS 

Ref. IOC E2-l5. Control or Interrupt Address -
Asserted when either the CSR or IAR is addressed 

. , 
Ref. IOC E36-l4. Clear BIt, bit 01 of the CSR-
Assertion causes the subsystem to reset without 
requiring a reset instruction 
Self-clearing and write-only 

Ref. IOC E37-3. Clear Maintenance - Clears the 
maintenance bit in the CSR 

Ref. E37-6. Clear RIF - Clears the RIF bit in the 
CSR 

Control and status register 

Ref. IOC E52-5. D-bus address Assertion 
indicates start of modified D-bus Cycle that 
reads the address of the interrupting module 

H333 I/O bus 

Ref. IOCC El-3. Data Cycle Enable - Assertion 
enables D-bus data transactions 

Ref. IOC CR1/CR2. D-bus Data Input Strobe 
Assertion causes addressd I/O module to place 
appropr iate data on the D-bus and to .:lcknowl edge 
the operation by asserting D RPLY 

Re f • IOC CS1/CS2. D-bus Da ta Ou tput St robe 
Assertion causes addressed I/O module to accept 
data from the D-bus and to acknowledge the 
operation by asserting D RPLY 
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Mnemonic 

D GBIT 

DIN 

D INTR 

DOUT 

D SYNC 

DT LATCH 

DBIT 

DEV SEL 

D INIT 

D INTR CLOCK 

DRIVE DBUS 

D RPLY 

D SYS CLOCK 

Defini tion 

Ref. IOC DEl/DE2. D-bus Generic Bit, CSR bit 02 -
Assertion causes an I/O module to respond with 
its identity code instead of normal data 

Ref. IOC El-14. Da ta In - Asser t ion prod uce s the 
VECTOR s ig nal d ur ing an in te r rupt tr ansac tion, 
and NO INTR DIN otherwise 

Ref. IOC DK2. D-bus Interrupt - Assertion at the 
IOCM means that some I/O module on the D-bus 
requires service. This signal is daisy-chained to 
all I/O modules. 

Ref. IOC El-13. Data Out - Assertion enables the 
R DOUT signal, or writing into the CSR 

Ref. IOC CP2. D-bus Synchronize - Strobes I/O 
modules at D-bus Cycle SYNC TIME and causes 
addressed module to store the output of its 
address decoder as the MY ADDRESS signal 

Ref. IOC ES-3. Data Time Latch - Indicates that 
the data phase of the D-bus Cycle is in progress 

Ref. IOC E36-3. Disable Bit, bit 04 of the CSR -
Assertion implements I/O disable mode on all I/O 
modules 

Re f. IOC E2-10. Dev ice Sel ect - Assertion means 
that an I/O Subsystem address has been decoded 

Ref. IOC E32-2. D-bus Initialize 
I/O mod ul e log ic to the startup 
asserted by B INIT, low backup 
(when impl emen ted), neg at ion 0 f 
setting the CBIT 

- Restores all 
state, and is 

suppl y vol tag e 
the DBIT, or 

Ref. IOC DM2. D-bus Interrupt Clock - Stabilizes 
interrupt priority 

Re f. IOC ESS-3. D-bus Dr iver Strobe - Assertion 
enables D-bus output drivers 

Ref. IOC CU2. Reply - Asserted in acknowledgment 
of D DIN or D DOUT by the addressed I/O module 

Ref. IOC DV2. D-bus System Clock 
crystal-controlled oscillator signal 
mod ul e tim ing 
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Mnemonic 

D TBIT 

EAB 

FLAG 

GBIT 

INTR ENAiBLE 

IaCM 

IAR 

IN IT 

lOR 

LOAD ADDH 

MAINT 

MAINT DA~rA 

Defini tion 

Ref. IOC E52-9. D-bus Test Bit, CSH bit 03 
Assertion implements I/O test mode on all I/O 
modules 

Ref. IOC E9-l0. Enable Address on Bus - Assertion 
starts D-bus Cycle timing sequence 

Ref. IOC E33-8. FLAG Bit, CSR bit 07 - Assertion 
indicates that the I/O Subsystem requires 
service 

Re f • IOC E 3 6 -11 • Ge n e ric Bit, C S Rbi t 0 2 
Assertion produces the D GBIT signal which causes 
an I/O module to respond with its identity code 
instead of normal data 

Re f. I DC E 21-1 6 • En a b 1 e In t err up t, CEl Rbi t 06 -
Enables subsystem interrupts 
If F = 1, E = 1, and the processor status allows 
interrupts, the processor will be interrupted 

Input/Output Control Module 

Ref. IOC E4-6. Interrupting Address Register -
Assertion produces the D ADDR signal and 
initiates the Modified D-bus Cycle that reads the 
address of the interrupting module 

Ref. IOC E37-11. Initialize - Initializes IOCM 
Assertion clears the address register, interrupt 
control, timeout circuit, and the CSR 

Input/Output Register 

Re f • IOC E 1 - 2 • Lo a d Ad d res s - In i t i ate d by B 
SYNC 
Assertion strobes the I/O module address into the 
address register of the M7958 
Negation resets the SYNC TIME and DATA TIME 
flip-flops and clears the address register 

Ref. IOC E31-5. Maintenance Bit, CSH bit 05 -
Assertion forces a maintenance interrupt if E=l. 
If M=l, then F=1~ Reading an lOR with M=l results 
in data equal to the address of that lOR, whether 
or not there is a module installed in that 
address 

REF. IOC E3-6. Maintenance Data - Assertion 
enables a maintenance data input 
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Mnemonic 

MY ADDRESS 

NO INTR DIN 

READ CSR 

R DIN 

R DOUT 

REC LB 

REC HB 

RIF 

R INIT 

R INTR CLOCK 

R SYNC 

SETUP TIME 

Defini tion 

Ref. I/O module MY ADDRESS flip-flop. Assertion 
indicates the module has been addressed 
The MY ADDRESS fl ip-flop is set when D SYNC 
occurs if the module's address decoder output is 
high 
1ft he d ec 0 d e r 0 u t pu tis low, the f 1 i p- flo pis 
reset 

Ref. laC E17-6. No Interrupt Data In 
Synchronizes all subsystem data reading 
operations except the interrupt vector 

Ref. laC E15-6. Read CSR - Enables the CSR output 
to the transceivers 
Al so clears MAINT and RIF at the end of the 
current cycle 

Ref. laC E10-6. Data In - Assertion produces the 
D DIN signal to the D-bus 

Ref. IOC E10-S. Data Out - Assertion produces the 
D DOUT signal to the D-bus, after a short delay 

Ref. laC E17-3. Assertion places the low byte of 
the LSI-II bus onto the internal data bus of the 
M7958 

Ref. IOC E25-S. Assertion places the high byte of 
the LSI-II bus onto the internal data bus of the 
M795S 

Ref. laC E31-9. Reset Interrupt Flag, bit 00 of 
the CSR - Causes the I/O mod ul e being read to 
reset its internal interrupt flag 
RIF is cleared at the end of the cycle in which 
an I/O module or the CSR is addressed 

Ref. laC E3S-11. R Initialize - produces the D 
INIT signal 

Ref. IOC E3S-6. R Interrupt Clock - Produces the 
D INTR CLOCK signal 

Ref. IOC EI0-11. R Synchronize - Produces the D 
SYNC signal 

Ref. laC E12-6 and E9-4. SETUP TIME - The time 
from D-bus Cycle initialization until SYNC TIME 
that allows for stabilization of the address on 
the D-bus 
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Mnemonic 

SYNC TIME 

TBIT 

UB US HI XlM IT 

UB US La Xl~ IT 

VECTOR 

WRITE CSR 

XMIT HB 

XMIT LB 

Definition 

Ref. IOC E9-4 and E9-8. SYNC TIME - The time 
between SETUP TIME and DATA TIME that allows for 
address determination on the I/O modules prior to 
a data transaction 

Re f. IOC E 36 -7, C S RBi t 0 3 • Te s t B i t- Pro d uc e s 
the D TBIT signal 

Assertion causes the M87l9 to route its internal 
data to the UNIBUS high byte 

Assertion causes the M8719 to route its internal 
data to the UNIBUS low byte 

Ref. IOC E2l-l. Transmit Interrupt Vector -
Causes the subsystem interrupt vector to be put 
on the LSI-Il bus 

Ref. IOC E18-l1. Write CSR - Assertion causes the 
CSR to store new data 

Ref. IOC E25-12. Transmit High Byte - Assertion 
causes the M7958 internal data bus to be routed 
to the high byte of the transceiver input to be 
put on the high byte of the LSI-Il bus 

Ref. IOC E25-6. Transmit Low Byte - Assertion 
causes the M7958 internal data bus to be routed 
to the low byte of the transceiver input to be 
put on the low byte of the LSI-II bus 
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APPENDIX B 
FLOATING VECTOR ASSIGNMENTS 

B.l GENERAL 
A floating vector convention is used for communication (and other) 
devices that interface with the PDP-II. These vector addresses are 
assigned in order, starting at 300 and proceeding upward to 777. 
Table B-1 shows the assigned sequence. The first vector address, 
300, is assigned to the first DCll in the system. If another DCll 
i sus ed, i t wo u 1 d the n be ass i g ned v ec to r ad d res s 31 0 , etc. Wh en 
the vector addresses have been assigned for all DClls (up to a 
maximum of 32), addresses are then assigned consecutively to each 
unit of the next highest-ranked device (KLll, DPll, or DMll, 
etc.), then to the other devices in accordance with the priority 
ranking. 

Rank 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 

Table B-1 Priority Ranking for Floating Vectors 
(Starting at 300 and Proceeding Upward) 

Vector Si ze Maximum 
Device (Octal) Number 

.. 

"".- _._--"----"-"'---
DCll 10 32 
KLll, DL11-A, DL1l-C 10 16 
DPll 10 32 
DM11-A 10 16 
DNl1 4 16 

DMI1-BB 4 16 
DR1l-A 10* 32 
DR11-C 10* 32 
PA611 Reader 4* 16 
PA611 Punch 4* 16 

DTl1 10* 8 
DX11 10* 4 
DL11-C, DLI1-D, DL11-E 10 31 
DJ11 10 16 
DH11 10 16 

GT40 10 1 
LPSl1 30* 1 
DQ11 10 16 
KW11W 10 1 
DUll 10 16 

ICS11/ICRl1 4 12 
IPl1/IPl10 4 16 

*The first vector for the first device of this type must always be 
on a 108 boundary. 
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When the vector addresses have been assigned to all higher ranking 
devices, addresses are then assigned to each IPl10, (or IPll) 
beginnin.g with the second one in the system. The first IPl10 (or 
IPll) is always assigned vector address 234. 

NOTE 
Floating vectors range from address 
3~~-777, but addresses 5~~-534 are 
reserved for special bus testers. In 
addition, address 1~00 is used for the 
DSll Synchronous Serial Line 
Multiplexer. Refer to Appendix A of the 
PDP-II Peripherals Handbook, 1976, for a 
complete discussion of UNIBUS addresses. 
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APPENDIX C 
USER FORMS 

Refer to Chapter 3, Paragraph 3.6 for instructions on the proper 
use of the forms in this section. 
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I/O MODULE USER PAGE 

PAGE NO. __________________ __ 

MODULE TYPE _____________ BYTE ____ _ OF ____ _ 

GENERIC CODE _________ _ 

BYTE ADDRESS __________ SINGLE SHOT TIMING _____ _ 

MUXNO. ______________ _ 

MODULE LOCATION: CHASSIS NO. ______ FIELD POWER: COMMON 0 AC 0 
SLOT NO. _____ _ ISOLATED 0 DC 0 

POINT INTR. BIT FUNCTION REMARKS 

ENAB. 

00 

01 

02 

03 

04 

05 

06 

07 

ADDITIONAL COMMENTS: 
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I/O SUBSYSTEM USER GUIDE 
E K-OPIOS-UG-005 

Reader's Comments 

Your comments and suggestions will help us in our continuous effort to improve the quality and useful­
ness of our publications. 
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Does it satisfy your needs? _~~~ __ ~~ __ Why? __ ~_~~~~~~ __ ~~~_~_ 

D Please send me the current copy of the Technical Documentation Catalog. which contains information 
on the remainder of DIGITAL's technical documentation. 
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