













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































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
receives the module's read-only data from the generic code and
multiplexer gain registers. This circuit outputs the
mul tiplexer/channel number data unless the GBIT L or GAIN L signal
is asserted, in which case it will output 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.

+20 V

+12 V—o\ ol +15 Vv
FUSIBLE PROTECTION 1Af— ‘::C;I‘;E Arl:;?ﬁ —
RESISTORS DIODE = .
31 gl . QDES sv8 CLK 20V REGULATOR sy
1
3 [ MUX
Wy A —
ANALOG | 4° ) D ANA SIG
FIELD XX ¥YYY
INPUTS A3V +13v —d r D ANA GUARD
YYY Xx3% |
2 |
2 MUX | |
?cﬂl B | |
] D BIT EN A ¥ | | |—
FIELD TEBIT ENB T T : I |
INTERFACE CHANNEL
AUTO ZERO MO ——
CONNECTOR o SELECT | ||
MODE AND M1 sL n i1
PREAMPLIFIER | M2 I :D | |
CONTROL [ a3 T 3
SECTION -
L{0-4) St |
0(0-4) i J
:> cHan |.Lo-4) MODE 1o-7)
NO )
REG
D(0-3
D(5-7) l—(—*‘—J o ) [N
> Mux L7 S END GATE
GEN «
NO
SEL H— I REG CODE g
cLock H..l ) 2
LO GATE L D D(0-7) z
MUXCLR H—--—-——f OUTPUT [ z
Q
MUXNO orFr 160-7) | SELECT |- 5]
SEL :> @
_SEL ——MoDE SEL GEN F]
*‘I’?’!—‘ﬁj CODE 2
Dt
\ GATE
— mope GN{4-7) Di4-7)
DI5-7) CLK H Mux
- GAIN
MUXO"O | SEL H T H GATE L HI GATE L
:>| DECODER |
D WUK STHOBE SEL | wseL cemid D SYS CLK
AIN
A2 AWQ0) [T AOOH LO GATE GAIN L D SYNC
a0 re B > S MUX STROBE
—t ADDRESS PA—Z——F MODE D INIT
DECODER 170
Al01) A01 H 3T conTror [SANE _SELH | D MuX REL
D INIT At ¥ secrion D DOUT D_AUTO ZERO
B —+MUX CLR H DOIN oouT D MUX ST3 | ERROR 0 00UT
D MUX REL— D SYNC = s | PET
A3 MUX CLR Hemd b oout | D DIN
SEL H@ pear | D(4-7) D ANA ERROR IN
D(00) D OUT— - — | D MUX READY D DBIT DRPLY ERROR D ANA ERROR OQUT
2280 D ANA ERROR OUT |
ee READY ——tD"' D ERROR OUT D MUX READY
D MUX STB— ] _— D ERROR IN e
MUX CLAR H T —, D DBIT
ERROR —. ——[ D TBIT
AUTO ZERO— LT
SYS CLK— e D GBIT

Figure 6-19-1

Block Diagram
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Table 6-19-1 Al56 Operating States

Circuit

Configuration
Mode State

Switch Mux

S T M A B

Sample time @ 1 @ 1 1

DIFF Auto-zero time 1 1 ) 2 1
S END Sample time 1 2 1 1 @
EVEN
CHAN Auto-zero time 1 1 1 @ @
S END Sample time 1 @ 1 2 1
OoDD
CHAN Auto-zero time 1 1 1 ] ]
1l = on or enabled
@ = 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 converter
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.) This action causes the module to
store the multiplexer number and channel number data (Figure
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
flip-flop, which sets when the next system clock pulse occurs,
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 multiplexer 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/0 control section decodes the address byte, and
when D DIN occurs, produces the HI GATE L and 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 L and
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 A/D module supplies
its status register contents in bit positions @-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 Al56
has different generic codes for single-ended and differential
modes. The MODE switch selects the proper code. If either the DBIT
or TBIT is asserted, the module is placed in the auto-zero mode.

When the A/D module asserts the D MUX REL signal, the Al56 resets
its SEL and GO flip-flops.

Multiplexer Number and Mode Selection

The multiplexer number and operating mode (differential or
single-ended) are selected on the module by the 4-pole switch, El
(Figure 6-19-2). An example of one possible multiplexer selection
is shown in Figure 6-19-3 to illustrate the use of this switch.

N\

° A1
50. 49 8=
: T234 b
/ ON =
E1 '
— —{a
MUX NO. —

MODE ~——rr— 1

OFF = S END
g

o V1—

MA-2176

Figure 6-19-2 A156 Analog Multiplexer Module
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[———————MUX NUMBER 4
SELECTED

E1T100

BIT NO, ———7

|———- MODE

ON = DIFF
OFF = S END

MUX NO.
*0

SWITCH SETTINGS
1=0N
0 = OFF

-2 a2 s0000 @—
- 200200 &4— O
-0 -20=20-0 @— o

NP~ WN

* NOTE: CODE ZERO IS USED ONLY FOR THE A/D CON-
VERTER MODULE'S INTERNAL MULTIPLEXER,
THEREFORE, THIS IS AN ILLEGAL CONFIGURA-
TION.

MA-2156

Figure 6-19-3 Multiplexer and Mode Selection

Software Restrictions

1.

Once an Al56 multiplexer has been selected, another
external multiplexer cannot be selected without first
doing one of the following.

a. Starting an A/D conversion

b. Reading the A@l4 with the RIF bit set in the CSR of
the IOCM

c. Causing a gain or channel error condition on the Al56
module

The Al56 must not be written during a conversion; this
causes erroneous results,

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 Connections
The Al156 module pin connections for J1 the I/0 cable connector are

shown in Table 6-19-2.

Table 6-19-2 Module Al156 I/O Pin Connections

Module Module

1/0 Field 1/0 1/0 Field I/0

Connector |[Channel Connector | Channel

Pin S END DIFF Pin S END DIFF
1 3] +00 2 g1 -00
3 32 +01 4 @3 -1
5 g4 +02 6 @5 -g2
7 g6 +03 8 37 -@3
9 10 +04 10 11 -04

11 12 +05 12 13 -05

13 14 +06 14 15 -6
15 16 +@7 16 17 -37

17 Y 18 )

19 20

21 22

23 24

25 rCommon 26 PCommon

27 28

29 30

31 32

33/ 34

35 20 +10 36 21 =19

37 22 +11 38 23 -11
39 24 +12 49 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 Al56 uses the BC40gA 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 Al156 Screw Terminal Connections

BC4@A Screw Terminal

Screw
Terminal
Field Channel Number Number
DIFF S END
+ @ 1
g - 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
19 - 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 Al56 when used in combination with

the Agl4 A/D

converter.

Power Requirements

Voltage Main supply: VS=12 Vdc (+2 or -1)
vdc
Backup supply: 14 vdc > VB >
Operating current 79 mA maximum

(Al156 only)

NOTE
If the backup supply 1is implemented,
total operating current is shared.
Main supply: 75 mA maximum
Backup supply : 4 mA maximum

Standby current 25 mA max imum
(backup supply)

(Al56 only)

Input Characteristics
Voltage range -10.24 V to +10.24 V,

1 LSB = +0.005 V

Input impedance Power on: > 50 M ohm

Power off: 10008 ohm

Signal and common mode +12 V minimum
voltage capability
Channel to channel +10¢ microvolts maximum
offset
Gain Unity
Overall accuracy +3 LSBs at 25 degrees C
+5 LSBs from @ degrees C to 60
degrees C ambient, maximum
Common mode rejection 100 8B min
(dc to 6@ Hz with 1K source
unbalance)
Conversion speed 69 microseconds average

64 microseconds minimum
74 microseconds max imum

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

Protection

Physical Characteristics
Dimensions

Field connector

Environmental
Characteristics

Heat dissipation

No 1limitation 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 BC4@0A or customer-=
supplied 5@0-pin Berg connector

Complies with DEC STD 102 Class C.
Operates in convection cooled
environment up to 68 degrees C
ambient.

5 Btu/hr maximum
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Al157
WIDE-RANGE ANALOG MULTIPLEXER

FUNCTIONAL DESCRIPTION

The Al157 multiplexer module is used in the H333 I/0 subsystem to
provide programmable gain of field inputs to the A@l4 A/D
converter., The module accepts up to 16 differential inputs that
can be independently programmed for any one of eight different
gains. As many as seven of these modules may be used to provide a
total of 112 programmable gain 1inputs. 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 Al57 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
preamplifier section that selects an analog field signal from J1,
applies the appropriate gain, and delivers it to the A@gl4 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 6-2@-1 shows that all channels
(analog field signals) are input to the multiplexer via J1l, the
field interface connector, and the fusible resistors. The fusible
resistors, along with clamping diodes, provide protection f£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
1l or 50, depending on the state of the G7 bit; the output section
provides a gain of 1, 2, 4, 18, or 2@ according to the state of
bits G(4, 6, 7). Since the two amplifiers are cascaded, the
overall module gain 1is 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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Figure 6-20-1

Al157 Wide-Range Analog Multiplexer
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Table 6-206-1 Gain Codes

7 (] Input Output Overall
~~~ 7 Amplifier Amplifier Module
71615/4_ __ _J Gain Gain Gain
o 900 1 1 1
g0 01 1 2 2
2100 1 10 19
2101 1 20 29
1 000 50 1 50
1901 50 2 100
1100 50 4 200
11081 50 20 1000

The other gains (those with G=5) are not implemented on this
module, and if selected will result in an error.

When the multiplexer is selected, the SEL L switch is closed and .
the preamplifier output is connected to the A/D converter module
via the D ANA SIG and D ANA GUARD lines on the D-bus. The other
control signals for this section are provided by the channel
select and auto-zero control section. Figure 6-28-2 shows the:
detailed logic of this section.

LO LO
L1 L1
L2 L2

L3
EN1

Do

ENL

AUTO ZER_CI_)
T8B!
D BIT ZERO L

SEL
ZERODL

MA-3137

Figure 6-208-2 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 Al57
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 module's data transaction enabling flip-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 28 microseconds, syncs the module to the system
clock. On the second clock pulse after the assertion of GO, the
shift register 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
current surges on the power supply buses do not occur during
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 multiplexer and asserts D AUTO ZERO (refer to timing
diagram, Figure 6-20-3). Assertion of D AUTO ZERO to the
multiplexer resets its GO flip-flop and places the preamplifier in
the auto-zero mode as follows.

1. 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 voltage is connected to the preamplifier

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/0 control section decodes the address byte, and
when D DIN occurs, produces the HI GATE H and LO GATE H 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 H and
HI GATE L signals are produced. This puts the multiplexer gain
code on the D-bus in bit positions 4-7. At the same time, the Ap1l4
module supplies its status register contents in bit positions g-3.
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EN H- ]
EN L (]
ZERO L )
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ZEROD L N

MA-3138

Figure 6-20-3 Auto-Zero Timing

INPUT
AMPLIFIER

FROM

MULTIPLEXERS .

AUTO ZERO AMPLIFIER

I G

'
f
|

ENL -—OD—-—-’ I
HOLDING f
CAPACITORY |

ZEROD L —O >————————

ZERO L _c{>— _____________ ;|
MA 3124

Figure 6-20-4 Auto-Zero Circuit

Reading either the A2 or A3 byte with the GBIT asserted, causes
the selected Al57 module to place its generic code on the D-bus,
If either DBIT or TBIT is asserted, the module is placed in the
auto-zero mode.

When the A@14 module asserts the D MUX REL signal, the Al57 resets
its SEL and GO flip-flops, and clears its gain register.

6-20-5



Multiplexer Number and ATR16 Power Selection

The multiplexer number is selected on the module by the 4-pole
switch, E380 (Figure 6-20-5). An example of one possible
multiplexer number selection is shown in Figure 6-20-6 to
illustrate the use of this switch. Only three of the switches
select the multiplexer number; the fourth switch selects the ATR16
power option. (The ATR16 is an isothermal screw terminal
assembly.) When the ATR16 is being used, switch 4 of E39 must be
on; when the BC4fA screw terminal assembly or a user-provided
termination is being used, this switch must be off.

o AT e
50, 49 g:E
- A
o \AREE
f-y —
N
2,1 B
AR
A1l :
L I
1234 —
OTN E30
V1 —
L‘V'J |—ATFHﬁ PWR |
MUX NO Al :
]2 -
: 0
o v1

MA-3269

Figure 6-20-5 Wide-Range Analog Multiplexer

6-20-6



MPX NUMBER 4
r SELECTED

E30T100

» SCREW TERMINAL
BIT NO. 765 POWER OPTION
ON = ATRI6
MUX NO OFF = BC40A OR USER
* 0 0 0 0 A PROVIDED
TERMINATION **
1 0 0 1
2 010
SWITCH SETTINGS
3 ov 1 b 10N
4 1 00 0= OFF
5 1 01
6 1 10
7 1T 11 J

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

** |F SWITCH 4 OF E30 IS INADVERTENTLY LEFT ON WHEN AN A157
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 256 OF J1. THIS IS FOR POWERING THE ATR16 OR BCA40L ONLY.
IT 1S NOT AVAILABLE TO THE USER. WHEN USED WITH THE
BCA40L, THE ADDITIONAL LOAD MUST NOT EXCEED 95 mA.

MA-3127

Figure 6-20-6 Multiplexer and ATR16 Power Select

Software Restrictions

1.

2.

The BAl57 registers must not be written during a
conversion; this causes erroneous results,

The multiplexers are released at the end of a conversion;
therefore, the multiplexer number, channel number, and
gain registers contain invalid data after this time and

must be reprogrammed before another conversion 1is
started.

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

Pin Connections

The Al57 module pin connections for Jl1, 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,

field

interface

information.

The reader

should also

Paragraph 3.8.5 for general

review the

material under the heading Analog Field Wiring Practices contained
in the section Analog Input Subsystems - General.

NOTE

A finite nonzero current flows into both

inputs of the Al57.

It

is the user's

responsibility to provide a common mode

return path for this current.
per formance
return

should

and

For best
lowest noise, this
be provided at the

transducer end of the input cable,

Table 6-20-2

Module Al157 I/0 Pin Connections

Module Module

I1/0 1/0

Connector Field Connector Field
Pin 1/0 Pin 1/0
1 2a + 2 39 -
3 g1 + 4 g1 -
5 g2 + 6 g2 -
7 g3 + 8 g3 -
9 g4 + 10 g4 -
11 a5 + 12 95 -
13 g6 + 14 g6 -
15 g7 + 16 g7 -
17 187

19 Common 20

21 22

23 24

25 +12 v* 26 » Common
27 28

29 Common 30

31 32

33 34 J

35 19 + 36 19 -
37 11 + 38 11 -
39 12 + 10 12 -
41 13 + 42 13 -
43 14 + 44 14 -
45 15 + 46 15 -
47 16 + 48 16 -

49 17 + 50 17 -

*For ATR16 only
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The A157 uses the BC4@-A screw terminal assembly as configured in

Table 6-20-3.

Table 6-20-3 BC4@A Screw Terminal Configuration
for the Al157 Analog Multiplexer

Al157

Field
Bit
Number

Screw
Terminal
Number

20
g1
32
@3
24
B35

26

+ L+ L+ 0+ 0+ 4+1 41 +

a7

Common
Common
19 +
11
12
13
14
15
16

17

P+ 14+ 1+ 1 +01+1 +1 41

COOoOJAUIdWN K
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SPECIFICATIONS

All specifications refer to the Al57 when used in combination with

the A@l14 A/D converter.

Power Requirements
Voltage

Operating current
(A1l57 only)

If the

backup supply is

Main supply: VS = 12 vdc (+2 or -1)
vdc;
backup supply: 14 vdc > VB >

(vs-@.7) vdc

255 mA max imum

NOTE
implemented,

total operating current is shared.

Main supply:

25@¢ mA maximum

Backup supply: 5 mA maximum

Standby current
(backup supply)
(Al157 only)

Input Characteristics
Input impedance

Signal plus common mode
voltage capability

1000

Gain

Accuracy

This

includes gain

3 mA maximum

Power on: >50 megohms

Power off: 1000 ohms
Voltage Maximum
Range Signal+CMV LSB
Gain (Volts) (Volts) (mV)
1 +10.24 +12 5
2 + 5.12 +12 2.5
19 + 1.024 +12 g.5
20 + 0.512 +12 @.25
50 + 0.2048 + 7 2.1
100 + 0.1024 + 9.5 g.05
200 + 0.0512 +10.75 #.025
+ 0.91024 +11.75 0.905
1, 2, 1@, 26, 50, 100, 200, or 1000

programmable

+[2 +(0.008 X gain)] LSBs at 25
degrees C 4 ‘
+[4 +(0.088 X gain)] LSBs’ from @
degrees C to 60 degrees C ambient,
max imum

NOTE

and offset errors

which can be adjusted to zero.

Channel to channel offset

20 microvolts
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Common mode rejection

Conversion speed

1. There

85 dB minimum
(DC to 68 Hz with 1K source
unbalance)

79 microsecond average
74 microsecond minimum
84 microsecond max imum

NOTES

a ten microsecond

uncertainty due to the asynchronous
relationship between start of a
conversion and the system clock.

2. Conversion

speed and accuracy

specifications are independent of
the order of channel selection.

Bandwidth

Protection

Physical Characteristics

Dimensions

Field connector

Environmental
Characteristics

Heat dissipation

No 1limitation beyond conversion
speed '

The input circuits are protected
from field overvoltages by diodes to
+13 V and by fusible resistors in
series with each input. There are

two one Amp fuses. One protects the
circuit board etch in the event of
charge pump circuit failure. The
other protects the ATR16 power
supply (see text).

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

Cable type BC4@A, customer-supplied
58 pin Berg, or ATR16

Complies with DEC STD 192 Class C
Operates in convection cooled
environment up to 6@ degrees C
ambient

14 Btu/hr maximum
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AQ20
HIGH COMMON MODE
A/D CONVERTER

NCTIONAL DESCRIPTION

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/0
bsystems where a high degree of isolation from common mode voltages
st be maintained. A built-in, program-controlled, mercury-relay
ltiplexer selects one of a possible 16 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@G20 module uses mercury-wetted
relays. Although 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
examined carefully to determine if any
of the relay capsules have broken. If
ANY evidence 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

The A@20 contains an Iinput multiplexer, an A/D converter, 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 registers contain the A/D converter's
output which is 14 magnitude bits plus a sign bit and an overrange
bit. Other data registers contain status, address, and generic
code data.

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 A/D converter. The
mother board (54-13729) contains the data registers, interrupt
control circuits, multiplexer control circuits, the remainder oif
the A/D converter circuits, and the D-bus interface.

Since the A/D converter circuits are divided between the two
circuit boards, it 1is necessary to have a few interconnecting
control 1lines (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.

A/D Conversion Process

The A/D converter on this module is a dual-slope integrating type.
A typical converter of this kind contains an integrator, a
comparator, a clock, and some control circuitry (Figure 6-21-3)
and operates as follows.

At the beginning of a conversion cycle, the switch 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 wvalue that is proportional to the averag
value of the input over the interval. That is ’

Vin

Vo = RC Tref
where:
Vo = the integrator output voltage
Vin = the input voltage
Tref = the sampling period
RC = the circuit time constant

The switch 1is 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 Vin. 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 6-21-4 Dual Slope Converter Time Voltage Relationships

Vin - Vref
RC Tref = g Ot

The circuit time constant is the same in each case, so -
Vin Tref = Vref At

vin_ _ é§t - Acount
Vretf Tref full count

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
A@P20 because it exhibits excellent accuracy, linearity, and
resolution characteristics, and is ideal for instrumentation
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 line frequency, since that is usually
the most troublesome interfering signal. The A@2¢ has switches
that allow selection of a 16-2/3 ms or a 2@ ms integration time
for rejection of power line frequencies of either 68 or 50 Hz
respectively.
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Daughter Board

The A@2¢ daughter board (54-13442) contains an input multiplexer,
the A/D converter analog circuits, and the range selector
switches. These are 1isolated from the rest of the module and
operate at field potential. Part of the control circuitry for
channel and range selection is also present on the daughter board,
and is at I/0 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 1/0 subsystem potential. The multiplexer 1is 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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Figure 6-21-5 A@20 Daughter Board
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A/D Converter Analog Circuits - This is a sealed unit which isg
isolated from the I/0O subsystem ground potential and operates at
whatever field common mode potentials are present (up to 508 V
peak). A block diagram of the unit is shown in Figure 6-21-6.
Selected channel inputs from the multiplexer are adjusted by the

909K vce
(25) @~IN 1 —AAN > V+ ] le——+12 V IN—@ (1)

(24) @-IN 2 —AAN— 47_‘ ISOLATED
SUPPLY POWER
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{22) ®-SIG RETURN D
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(19 e — INTERFACE

'8 GAIN ADJUST LOGIC AND F'—“’sgf/ —8(5)

(18)®- N o COUPLER

(17)eH

(16)@F INTEGRATING

(15)@E >GA,N CONVERTER \t

(14)®D ( SELECT

(13)ecC

12)@ 8 VOLTAGE

nneA REFERENCE ————=——|SOLATED V+ OUT —@ (6)

(10) @ INT REF —ea- ———»—|SOLATED V— QUT~@ (7)
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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 1input and reference integrations are completed, internal
control circuits output POL/EOC (polarity/end of conversion)
pulses through isolation transformers to external control
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 A@20 is optimized by
having the module keep track of not only the channel actively
being converted, but also the channel that is to be converted
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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Although there are five registers in the channel select queue,
there are never more than four channel numbers stored at any given
time. This is because the HOLD and CONVERTED registers contain the
same number during input integration, and the LAST and NEXT
registers contain the same number during reference integration.
The following 1is a description of the contents of the five
registers.

1. Last Program Channel Register - A read/write register
that contains the 1last channel number written to the
module.

2. Next Channel Register - An internal register that

contains the channel number of the input signal to be
integrated next.

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

4, Hold Register - An internal register that holds the
channel number of the signal just integrated until it is
evaluated and the results transferred to the data
register.

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

Integration Timing Circuit - To ensure maximum rejection of
interference at power line frequencies of either 68 or 50 Hz,
input integration times of 16-2/3 and 20 ms are implemented on the
AG2@. Integration time is determined by decoding the output of the
counter and is changed by selecting a different decoder output and
counter clock frequency. To obtain accuracy and stability, clock
frequencies are phase locked to the 1/0 Subsystem's
crystal-controlled 100 kHz system clock.

The A@P20 is shipped with the 16-2/3 ms integration time selected
(for 6@ 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 A@2¢ 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. After a delay
of 2 ms the counter is reset, and an A/D CLK 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 280 ms, for 6§ or 50 Hz
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
A/D CLK ADV pulse. At this time, integrate input time ends, the
counter restarts, and integrate reference time begins.

Integrate reference time continues until the A/D comparator input
reaches zero. The comparator output will then change state causing
the A/D to output the EOC (end of conversion) pulse. At this time,
the counter 1is halted; 1its contents, which 1is a binary
representation of the analog input signal, is transferred to the
data register, and the counter resumes counting. When the counter
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 (#-13) represent
normal range data; a fifteenth (bit 15) is set if the input signal
is in excess of the A/D 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.

6-21-9



SOFTWARE INTERFACE

The A@20 occupies four byte addresses on the D-bus. The data sent
from the A@20 to the computer can be one of six bytes determined
by the two LSBs of the address, the GBIT signal, and the ADDR
signal as listed in Table 6-21-1.

Table 6-21-1 Data Registers

7 (") Bit 1 | Bit @ G Bit { ADDR
MAGNITUDE

7 DATA /] Y] Y] ) @

Over- [Sign MAGNITUDE

Range 13 DATA 8 2 1 ) 2

CONVERTED DATA | LAST PROGRAM

CHANNEL CHANNEL 1 @ ] @
Data
Busy|@|@8|0 | Over—-|Error (Done|Active 1 1 ] )
Run
G CODE X X 1 @
ADDRESS ] /] X X X 1
X = don't care

Data Definitions

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. OQutput data is therefore invalid.

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

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

Error - Asserted when there has been an attempt to program 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 AQ20
will not accept the new channel under these conditions.*
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Data Overrun — Indicates previous data was not retrieved 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 1is written. Negated one
conversion cycle after channel queue is empty.

PROGRAMMING INFORMATION

To read one of the A@20 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 A@20 interrupts, read its data registers.

If the A@P20 is operated in the mode of converting one channel at a
time, each conversion may take up to 74 ms. Operation at maximum
speed requires a continuous conversion and channel switching
cycle. To accomplish this, the A@20 can store up to four channels:
two channels waiting to be converted, one that is actively being
converted, and one representing the converted channel for which
data 1is available in the data registers. To use the A@20 most
efficiently, first program two channels and wait for an interrupt.
When the module interrupts, read the data registers and program
two more channels. Subsequently, one new channel should be
programmed after each interrupt and data read cycle. This sequence
may be implemented by simply loading in channels at all times
until the busy bit comes up. This mode allows up to 36 conversions
per second with 68 Hz operation. Up to 31 conversion per second
are possible with 50 Hz operation.

Assertion of the D-bit opens all input relays, allowing a test
voltage to be applied via TPl and TP2 without disconnecting field
inputs. The T-bit is not used on the A@20.

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

Generic Code

The A@20 may have one of two generic codes depending on the
position of the MODE switch (E6-5). The 1location of the MODE
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)

Reset by RIFing the module. The last step in retrieving data
should be to read the status word (fourth byte) with the RIF bit
set in the CSR of the IOCM. The contents of the status word
tells the program if any condition exists that invalidates the
data just read.
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FUNCTION SELECTOR SWITCHES
The module's switches are configured by the user to suit the
application as follows.

Address Select

The four A@20 addresses are selected on the module according to
the rules stated in Chapter 4. They are selected on the module by
switches E6@0-1 through E60-6 shown in Figure 6-21-8. An example of
one possible selection is shown in the figure.

50/60 Hz Select

Integration time is determined by switches E6#-7 and E60-8 or by
E60-9 and E60-10 (Figure 6-21-8). Only two of these switches may
be on at any given time. If 60 Hz line frequency rejection is
desired, turn on switches E60-7 and E60-8. If 50 Hz rejection is
desired, turn on E60-9 and E60-14.

ATR16 Power Select
Switch E6-19 (Figure 6-21-8), when on, selects the ATR16 power
option. (The ATR16 is an isothermal screw terminal assembly.)

Mode Select

When switch E6-5 (Figure 6-21-8) is off, the A@20 is set for
sixteen channel 2-wire operation. When E6-5 is on, the AQ020 is set
for eight channel 3-wire operation. In this mode, the upper eight
channels are switched in parallel with the lower eight channels;
that is, addressing channel @ 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) 1is on, the high voltage shield 1is
connected to the low side input of the A/D converter. This switch
should always be ON when the Af2080 is in two-wire mode. 1In
three-wire mode, the switch should generally be off when using
shielded 1inputs, but on when using input filters. (Refer to
applicaticn notes.)

Internal Filter Switch

When E12-10 (Figure 6-21-8) is on, a capacitor is connected across
the inputs of the A/D converter. This capacitor provides high
frequency filtering and 1is also wused 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 errcrs due to
charge dumping (appearing as interchannel crosstalk).
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Figure 6-21-8 A@2@ Module Switch Functions
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Range Select Switches

The A@2@ has fourteen full scale input ranges. The user can select
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
6-21-10), 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
ranges can be selected in more than one way. The recommended
switch settings are shown in Figures 6-21-9 and 6-21-1¢. Channels
zero through seven are calibrated at the factory on the +5 V range
(range 2). Channels ten through seventeen (octal) are calibrated
on the +50 mV range (range B). If the user selects other ranges,
he must recalibrate the A@28. However, the user may change the
range transition point without recalibrating.

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

1. Select the desired range with the switches for range B
using switches E12-1 through El12-6 and E13-8 through
E13-10 (Figure 6-21-140).

2. Set the range A/B boundary at channel =zero by turning
switches E6-1 through E6-4 off (Figure 6-21-8),

To use two ranges, do the following.

1. Select range A using switches E12-7 and E12-8, and E13-1
through E13-7 (Figure 6-21-9).

2. Select range B with switches E12-1 through El1l2-6, and
E13-8 through E13-10 (Figure 6-21-10).

3. Set the range A/B boundary to the lowest numbered 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

The A@20 is calibrated at the factory for the +5 V range on the
lower channels (gain range A), and the +58 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-11N or equivalent, will be required.
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To ensure compliance with specifications, all test equipment used
for calibration of the A@2@ must have been accurately and recently
calibrated. In addition, personnel doing the calibration should be
familiar with aligning analog equipment. If you are not sure of
the foregoing, DO NOT ATTEMPT TO CALIBRATE THE A@2@. Factory
calibration is probably better than that which you will be able to
accomplish.

The input amplifier 1is arranged as shown in Figure 6-21-11.
Voltage limit constraints are +5 V maximum 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
impedance drops to 1M ohm.

Possible full scale ranges selectable at the switches therefore
include the following: +50 VvV, +25 VvV, +20 Vv, +1¢ VvV, +5 Vv, +2.5 V,
+2 v, +1 VvV, 4500 mv, +200 mv, +100 mV, +50 mV, +2¢ mV, and +10 mv.
In addition, 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.

IN X1 mﬁ 4-,/
9 1, X2.5 GAIN POT I
X25
X50
i X250

MA-4803

Figure 6-21-11 Analog Input Configuration

FIELD WIRING

Field wiring for the A@2@ can be implemented with either the ATR16
or the BC4PA 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 Af20 using that interface.
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Table 6-21-2

Absolute Magnitude Code

Input Binary Output Code Input Voltage (Ideal)

Magnitude Sign Magnitude Nominal Range

+FS-1 LSB ) 11 111 111 111 111 +0.999939 Vv >(0.999948) V

+FS-2 LSB a 11 111 111 111 110 +0.999878 V +(0.999847, 0.999908) V
+FS/2 ] 10 000 000 000 000 +0.5000008 V +(0.499969, 0.500031) V
+2 LSB ] 30 000 000 Q00 910 +122 uv +(92, 153) uv

+1 LSB 2 g9 000 000 000 601 +61 uv + (31, 92) uv

Zero X* 00 000 000 000 POO ] (-31, +31) uv

-1 LSB 1 00 000 000 000 001 -61 uv -(31, 92) uv

-2 LSB 1 00 000 000 000 @10 -122 uv -{92, 153) uv

-FS/2 1 10 000 000 000 000 -0.500000 V -(8.499969, 08.500031) V
-FS+2 LSB 1 11 111 111 111 1190 -0.999878 V -(0.999847, ©.9999¢48) V
-FS+1 LSB 1 11 111 111 111 111 -0.999939 Vv <(0.999908) V

* X = Don't care



Table 6-21-3 Least Significant Bit Values

Whole Number Ranges __Ranges X 1.024

Full Scale Full Scale

Volts LSB uv Volts LSB uVv
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
5 385.176 5.12 312.5
2.5 152.588 2.56 156.25
2 122.070 2.048 125
1 61.0835 1.024 62.5
3.5 30.5176 #.512 31.25
g.2 12.2070 g.2048 12.5
g.1 6.1035 g.1024 6.25
.05 3.05176 @.0512 3.125
B.02 1.22070 P.02048 1.25
g.901 #.61035 g.01024 3.625

Table 6-21-4 shows the A@20 field wiring configurations to use
with the BC4@A screw terminal assembly.

Table 6-21-5 shows the pin connections for J15, the module's I/0
cable connector, for the user who requires a custom A0@290
interface.

APPLICATION NOTES

The following discussions are provided to help the user cope with
some of the typical problems in applying A/D converters 1in
general, and the A@20 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 1inordinate 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 A@20 Screw

Terminal Connections

BC4@A Screw Terminal

Field Channel Number Screw
Terminal

2-Wire 3-Wire Number
2 + [} + 1
- - 2
1 + 1 + 3
- - 4
2 + 2 + 5
- - 6
3 + 3 + 7
- - 8
4 + 4 + 9
- - 19
5 + 5 + 11
- - 12
6 + 6 + 13
- - 14
7 + 7 + 15
- - 16
Common Common 17
Common Common 18
10 + 19
- g 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

6-21-2¢



Table 6-21-5 Module A@20 I/0 Pin Connections

Module 1I/0 Field 1/0 Module I/0 Field 1/0
Connector Channel Connector Channel
Pin 2-Wire | 3-Wire Pin 2-Wire | 3-Wire

1 +00 +00 2 -00 ~-00

3 +01 +01 4 -91 -g1

5 +32 +02 6 -2 -02

7 +3 +03 8 -03 -03

9 +04 +04 190 -@4 ~-04
11 +05 +05 212 -85 -85

13 +06 +06 14 -06 -06
15 +@7 +07 16 -7 -@7

17 | Not 181 Not
19}'Used 20 J Used

21 22

23J) Common 24

25 ATR16 26 | Common

Power

27pCommon 28
29 30

31\ Not 321 Not

33J) Used 34) Used

35 +10 36 -10 g% Shield
37 +11 38 -11 @1 shield
39 +12 49 -12 @2 Shield
41 +13 42 -13 @3 shield
43 +14 44 -14 @4 Shield
45 +15 46 -15 35 Shield
47 +16 48 -16 @6 sShield
49 +17 5@ -17 @7 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 A@2@, for example, has a 6 microvolt offset error and is
being used on the +10¢ 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 = @.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 A@29 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 digital output error will simply
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become 14 LSBs. Similarly, if a 10008 volt p-p common mode signal
is applied to the A@28 in an input configuration that produces 160
dB of common mode rejection, the output error will be 190
microvolts no matter how many bits this is made to represent by
changing the full scale range.

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
LLSB for the A@2@, would be #.3 microvolt on the 19 mV range but 3
microvolts on the 199 mV range. The user must decide if this 1is
significant in his application. Similarly, integral nonlinearity,
at +.01% of FSR, is 2 microvolts on the 18 mV range and 20
microvolts on the 108 mV range. In deciding how significant this
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
input around a narrow setpoint, integral nonlinearity errors
simply translate 1into absolute accuracy errors, which can be
adjusted out with the gain pots, software corrected, or 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
percentage of full scale is a smaller number this will result in a
smaller total measurement error. Using a less sensitive higher
range, often has no significantly greater error, and often has
advantages 1in increasing dynamic range and reducing noise
sensitivity.

This is not to say that the user 1is not interested in total
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 A@20 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 uvV pk =+ 8.6 = 15) of peak noise on the
+10 mV range, 1.5 LSBs (9 + 6) on the +10¢ mV range, and 1 LSB
(1/3 LSB x 3) on all less sensitive ranges. For low level signals,
therefore, the lower order bits become meaningless if software
filtering 1is 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 samples, discards the highest and 1lowest, and averages 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,
therefore, reduces the uncertainty to about 5 LSBs (15/ d 8);:
reducing a 15 LSB uncertainty to one LSB requires averaging 225
samples,

It is worthwhile noting that in the presence of noise, averaging:
can reduce quantization error to less than 1/2 LSB by simply
keeping fractions of a bit in the arithmetic result. This means,
for example, if eight samples from the A@20 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 1/16 LSB or ©.375 microvolts. The same 3 microvolt,
uncertainty results after averaging eight samples from the device
set to the +10 mV range, with quantization error reduced to #.8375
microvolts. Again, increasing gain does not necessarily result in
a significant improvement in performance.

High Common Mode Voltage Applications

The internal common mode rejection of the A@2@0 is typically in
excess of 170 dB. This is achieved when the common mode signals
are applied through low source impedances (on the order of 140
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 A@024.

Common to Normal Mode Conversion - This phenomenon may be
understood in the context of Figure 6-21-12. The common mode
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 of the A/D converter 1input capacitance, the
line-to-line capacitance of the cable plugged into the moduleg
input connector, and the capacitance from the external wiring to
ground.) The attenuation at IN HI with respect to IN LO causes a
differential (normal mode) signal to appear across the input to
the Ag2g. The magnitude of this error signal may be simply
calculated as follows:

A020

Rs
A\ IN HI

CcMV IN LO
? Cs% a-_\Cs

MA.-4804

Figure 6-21-12 Source Unbalance
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R

s
VE = R ¥ |ch vcm
s
If, for example, RS = 1K ohm and CS = 100 pF, then at 68 Hz,
103
V. = = 3.8x10°°v
E 1@3 + 1 cm
16712 x 27 X 60

Thus, for a 10@@-volt p-p common mode signal, the error voltage 1is
38 mV p-p.

Effects of Common to Normal Mode Conversion - Norman mode signals
applied to the input of the A@20 have two effects: excessive
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 @ and 10 mV. This total differential signal cannot be
allowed to exceed 150 percent of the input range selected;
otherwise, the A/D will run into internal voltage 1limits and
rectify the error signal, causing dc errors. ‘

The magnitude of the second effect, ac output errors, depends on
the normal mode rejection of the A/D. The A@20 has a notch filter
characteristic at either 50 or 6@ Hz (selected by switches). If
the frequency of the error signal is within +@.01% of these
nominals (as the power 1line 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 degrades roughly linearly. If, for example, the power line
frequency deviates by @.1% from nominal (a near catastrophic
condition in a large system), the A@20 will provide approximately
68 dB (1,000 to 1) rejection to such frequencies applied
differentially to its inputs. A 3 percent deviation - possible
with some small diesel generators - would lead to approximately 32
dB of rejection, and might make input filters advantageous (refer
to Differential Input Filters paragraph) . It should be emphasized
that these output errors appear as ac noise, and therefore may be
simply eliminated by standard software averaging technigues.
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Figure 6-21-13 A@2@ Frequency Response

Handling High Impedance Sources

The following are three methods used to interface the A@2@ to high
impedance sources.

Lower Gain - This is the easiest method, but involves the worst
accuracy tradeoffs., If, for example, the +10@ 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 A/D operating with a +19 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 +8.01% 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 serious problem, however, in applications where the dynamic
range around the nominal input is small.
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Shielded Inputs - The A@2@ 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 RLl = RL2 = 5@0¢ ohms, the
common mode rejection in this configuration has been measured at
over 160 d4B.

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

The A@28 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 96 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.

-190
_1X 10
Vg = —S——— X 1/2 V

S
9 x 107°

In other words, this configuration would exhibit a c¢ommon mode
rejection of only 126 dB. In addition, the dielectric absorption

(hysteresis) of a capacitor of this size leads to gross errors if
the input varies over time scales of anything less than hours.

———————
—~—

—— R T~ A020
( L1 ~———]
= —\ VN IN H
s Q)
“VWV— IN LO
N RL2 o —— e
See - 1 SHIELD

MA-4806

Figure 6-21-14 Shielded Input
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Figure 6-21-15 Input Filter

If input filtering appears to be the only solution to a high
source impedance problem (or if it is necessary to reject a
frequency other than 58 or 68 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 28 dB (factor of 1¢). 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 source; the stray capacitance will be charged
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 A@2@. The problems become
particularly serious when high common mode voltages are involved.

The problems occur because of spikes due to input and internal
switching being generated on the input lines and imposing error
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 source
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 1K ohm, the capacitance may be as much as #.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 A@2¢9 with high common mode voltages).

Open Thermocouple Detection

The internal filter provided in the input to the A@20 may be used
to implement open thermocouple detection without the enormous
errors dgenerated by schemes which apply constant voltage or
current sources directly to inputs. 1In 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 €9 dB for a
1K 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 A@20 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
AP2@ input connector). The results of this conversion are not of
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 several milliseconds allowed for input settling; otherwise,
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
components which may or may not have copper leads but are almost
certainly not constructed of copper throughout. Stray
thermocouples therefore exist all over the board, and wherever
heat-producing components generate thermal gradients, thermocouple
voltages will be produced.

The practical result of these effects in the A@2¢ is an offset
error voltage produced in the input multiplexer relays. This error
is specified as a channel-to-channel offset, and is measured by
scanning all sixteen channels at maximum rate for at least several
minutes. The specification of scan mode and rate 1is important
because the relay coils require significant power, all cf 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 1084 microvolts. Furthermore, an error will be generated not
only in the channel being switched, 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 the 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 than twice per second and low level signals are involved.
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SPECIFICATIONS

General
Resolution

Number of channels

Sixteen 2-wire

l4-bit plus sign

or eight 3-wire,

switch selectable

Power Requirements

Voltage Main supply: VS = 12 vVdc + 5% Vdc
Backup supply: 14 vdc > VB >
(VsS-@.7) vdc
Operating current 205 mA maximum
NOTE
If the backup supply is implemented,
total operating current is shared.
Main supply: 175 mA maximum
Backup supply: 3¢ mA maximum
Standby current 30 mA maximum
(backup supply)
Warmup time 19 minutes (for module only;
does not include temperature

stabilization

Input Characteristics

time for enclosure)

Voltage ranges + 10 mV and + 10.24 nv
+ 20 mV and + 20.48 mv
+ 50 mV and ¥ 51.20 mv
+ 100 mV and + 102.40 mv
+ 200 mV and + 204.80 mV
+ 500 mV and +512 mV
+ 1 Vand + 1,024 V
+ 2 V and + 2.0948 V
+ 2.5V and + 2.56 V
+ 5 V and + 5.120 V
+ 10 V. and + 10.240 V
+ 20 V and + 20.48 V
+ 25 V and + 25.60 V
+ 50 V and + 51.208 V

Input Impedance
19 and 20 mV range
All other ranges
Power off

Max imum input overload

Bandwidth

6-21-29

Input divider off:
Input divider on:

2% Hz minimum

19 Mohms minimum
50 Mohms minimum
1 Mohm + 1%

50 Mohms minimum

264 Vac RMS minimum with no damage



Throughput

Common Mode Performance

Common—-mode
voltage

Common-mode and
crosstalk
rejection

RF common mode
rejection

Normal mode rejection

Overload recovery time

Accuracy

Differential
Nonlinearity

Nonlinearity
Offset
Initial

Drift with
temperature

Channel-to-
channel

Input bias current

Full Scale Temperature
Coefficient

With input divider
Without input divider

31 conversions per second for 540
Hz operation; 37 conversions per
second for 60 Hz operation; total
or same channel

+500 V peak from ground or between
channels, minimum

150 dB minimum at 64 or 50 Hz
+ g.1%, with a 1@ ohm source
Impedance

158 dB typical, 100 dB minimum, 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 selected full
scale range; within four

conversions for overloads between
50% and the maximum ratings

+1/2 LSB maximum

+0.01% of full scale range (43
LSBs) max imum

Adjustable to zero

2 microvolts/°® C, maximum

2 microvolts typical

19 microvolts maximum (varies with
air flow over module)

1 nA maximum

+60 ppm/O C maximum
+390 ppm/° C maximum

6-21-30



Equivalent input noise

Protection

Physical Characteristics

Dimensions

Field connector

Environmental
Characteristics

Heat dissipation

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

Input circuits are protected from
field overvoltages by fusible
resistors in series with each
input. There is a one half Amp

fuse to protect the ATR16 power
supply (see text).

Two d9quad modules assembled as a
mother-daughter combination make
up the A@20 module

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

Cable type BC4@0A, or customer
supplied 50-pin Berg connector

Complies with DEC STD 1062 Class C
Operates in convection <cooled

environment up to 6@ degrees C
ambient

9 Btu/hr maximum
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ATR16
ISOTHERMAL SCREW TERMINAL ASSEMBLY

FUNCTIONAL DESCRIPTION

The ATR16 (Analog Temperature Reference - 16 Point) 1is 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 (19 ft) cable is included
for connecting the ATR16 directly to the analog input module.
(Refer the paragraph Output Cable 1Installation below for
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 4@
through 7, and 18 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
connected to the pair of terminals marked HI and LO. The
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., A@Gl4 or Al56).

DETAILED DESCRIPTION

The ATR16 provides screw terminal pairs at a uniform temperature
(i.e., 1isothermal reference Jjunctions) 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 wuniform
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 achieved
in the ATR16 by providing a tight enclosure and extensive thermal
insulation around the terminals.
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Figure 6-22-1 ATR16 Chassis Assembly
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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 1is
accomplished as follows. The printed circuit 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, minimizes 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 68 degrees C which
corresponds to an output voltage range of 6.5 V to 6.0 V.

6-22-3



TRANSDUCER COPPER TEMPERATURE
CIRCUIT PLATE SENSOR

COPPER PLATE

PRINTED CIRCUIT BOARD

SOLDER CONNECTION

ISOTHERMAL COMPOUND

MA-3121

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 voltage reference
and operational amplifier circuit provide the necessary offset and
gain to translate this into Vo, the desired output voltage.

TEMPERATURE

SENSOR

V1 ~
Vref. V2 bt |, VO
- 1 (5VTOBV)

MA-3126

Figure 6-22-4 Temperature Transducer Circuit

MECHANICAL INSTALLATION

General

The ATR16 may be installed anywhere in the system that allows the
3 m (19 ft) interconnecting cable to reach its intended module
interface. The chassis requires 13.33 cm (5.25 in) of vertical
mounting space in a standard 48.26 cm (19 in) equipment rack and
is 11.43 cm (4.5 in) deep.
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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 speed
nuts. '

3. Place the ATR16 on the standoffs and fasten with four
19-32 X 5/8 1inch truss head screws and four No. 10
internal tooth lockwashers.

4, Fasten the ATR16 ground lug to the equipment rack side
rail with the 1¢-32 X 1/2 inch screw, 1¢-32 kep nut, and
No. 1@ external tooth lockwasher 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).

10-32 X-1/2'* SCREW \

EXTERNAL TOOTH
LOCK WASHER\—*@?

GROUND LUG |
/ NV
1

Figure 6-22-5 Ground Wire Fastening

KEP NUT
MA-3142

Industrial Enclosure

The ATR16 may also be installed in a user supplied industrial
enclosure. Mounting holes on the rear of the chassis facilitate
this type installation. Figure 6-22-6 shows the mounting hole
dimensions. When considering this type 1installation, provision
must be made to ensure that the temperature inside the enclosure
does not exceed 6@ degrees C when the system reaches thermal
equilibrium. It is recommended that the ATR16 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 ATR16.

25cm (1)
10-32 HARDWARE MINIMUM CLEARANCE
TO UNIT ABOVE OR BELOW

+‘/4PLACES + +

| | 11.4em TYP.

(4.50")

- +

10.2 cm (4”)
41.3cm T‘YP.____ —— MINIMUM CLEARANCE
(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 ATR16 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 cable-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 wuser should review the field wiring information
contained in Chapter 3, Paragraphs 3.8 through 3.8.4 before
proceeding with the following installation. This procedure 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.

Bring the field wiring through the bottom of the H960
cabinet,

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

Loosen the left cable clamp of the ATR16.

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

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

Tighten the cable clamp.

Replace the ATR16 cover.

CHAN. NOS— 0 1 2 -3 4 5 6 7

1234567891011121314151617

TEMPERATURE
TRANSDUCER

CHAN NOS.—10 1 12 13 14 15 16 17

MA-4808

Figure 6-22-7 2-Wire I/0 Connections (Al57 or A@20)
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N
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Figure 6-22-8 3-Wire I/0 Connections (A@2@ only)
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DC Power

Separate power supply connections are not required for the ATRI16.
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

Al157 E30-4

A@20 E6-10 (on daughter board)

Transducer Output Connection
Temperature output may be connected to one of the ATR16 internal
screw terminal pairs or it may be connected tc an external screw
terminal pair (i.e., Al56 or A@l4). These two options are
illustrated in Figure 6-22-9.

e
INTERNAL @]@\lj@]@l@l@l@]@l@

TRANSDUCER
CONNECTION

[o]e[o]o|o]o[2]o]@

L()L%JLV_JL_V_J

11 12

EXTERNAL
TRANSDUCER

0 1 2
CONNECTION le_/\ﬁrjﬁf_/\_\

[cle|e[o|o]o]2]o|@
TO A156 OR

A 014 SCHEW{ —

TERMINALS

—
oz |e]o|o]o]ole|@

oL I0)

11 12

MA-3148

Figure 6-22-9 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 this type measurement. For

example, if Tm 1is the temperature of interest at the field
thermocouple (Figure 6-22-18), then:

Tm = £[£(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 /

PROCESS ’.\\
Tn o ! g,,'” v
& L
\_
TEMPERATURE Tr Vo

TRANSDUCER

MA-3150

Figure 6-22-10 ATR16 Application

Note that the range of Vo is from #.5 V to 6.8 V, corresponding to
a temperature range of 5 degrees C to 6@ degrees C. The range
accommodated by the analog subsystem depends on which A/D
converter and what gain 1is used. These factors also affect
resolution. Table 6-22-2 1lists the characteristics of the two
converters that are pertinent to this discussion.
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Table 6-22-2

A/D Converter Characteristics

A/D
Converter Agl4 AQ20
Multiplexer | A@14, AlS56, Al57 AQ20 AQ20
or Al57
Gain 1 2 1 2
Input Range | +10 V +5 V +10 vV +5 Vv
No. bits 12 12 15 15
LSB 5 mV 2.5 mv 600 300
microvolt microvolt
Temperature | 5 degrees to 5 degrees to 5 degrees to 5 degrees
Span 69 degrees C 50 degrees C 60 degrees C 50 degrees
Resolution* | @.05 @.825 2.006 2.003
degrees C degrees C degrees C degrees C

*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 Jjust before 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~ 7]
where:
Tr = reference temperature
To = reference temperature before step change
Ts = magnitude of step change
t = time in hours

ATR16 thermal time constant.

The maximum slope given by this equation can be approximated as:

DTr 4

At
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 6-22-1la.

(maximum) = 2 X 18 = Ts
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The maximum thermal gradient error will not be reached
immediately, but will build up gradually and then decay.
Therefore, the amount of error 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 general, 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 1located.
The error increases for terminals toward either end, reaching a
maximum at the outermost terminals (Figure 6-22-11lc¢). It is
therefore possible to nearly eliminate the effects of thermal
gradient errors for a critical thermocouple by assigning it a
center channel.

SPECIFICATIONS

Power Requirements
Voltage 12 vdc (+2 or -1) Vvdc
Current 19 mA maximum

Input Characteristics

Cross talk with Al57:

(channel to channel) 80 dB minimum at 60 Hz with 1K
including interconnecting source unbalance

cable)

with Ag@20:
149 dB minimum at 6@ Hz with 1K
source unbalance

Common mode voltage Limited by analog input of A@20 or
Al157

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

Weight 3.2 Kg (7.1 1bs)
Environmental Complies with DEC STD 102,
Characteristics Class C.

Operates in convection cooled
environment up to 60 degrees C

ambient.
Heat dissipation #.053 Btu/hr maximum
Thermal Characteristics
Transducer output Vo = @#.1 Tr
(nominal) (Tr in degrees C, /S in volts)
Transducer accuracy +0.25 degrees C maximum, wunder
normal ambient temperature

variations

Thermal time constant 1.5 hours
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A630
FOUR-CHANNEL D/A CONVERTER

FUNCTIONAL DESCRIPTION

The A630 module comprises four independently addressable, 1@-bit,
digital to analog converters (DACs) for use in the H333 I/0
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 simplified block diagram of the DAC module is shown in Figure
6-23-1. At the left of the figure, the unit receives data and
control signals from the D-bus, converts the digital data to an
analog signal via one of the four DACs, and outputs this signal to
the field through the 1interface connector. The following
paragraphs elaborate on individual sections of the block diagram
and discuss the module's control sequences and data flow.

“
iR

™) Vout
K D{0-7) > DAC louT
1 (0]
1 Vout
DAC 3]
1 lout s
o<
w
T o
VouT S
DAC a
2 lout ]
w
, T
Vout
bAC lout
3

D-BUS INTERFACE

CONTROL

DDIN
DDOUT
DRPLY
DADDR
DSYNC
DD. T, GBIT

MA-2161

Figure 6-23-1 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 1@-bit devices; therefore, the input
data word 1is transmitted in two bytes. The two most significant
bits (MSBs) are in the D@ and D1 positions of the high byte 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.

TYPICAL

ADDRESSES 07 00
1 i T T T T T
171260{ 7 6 5 4 3 2 1 0
DACO 11 OUTPUT DATA (READ/WRITE)
171261 S4 $3 s2 81 11 10
| H 1 | | 1 |
— -’
L STATUS BITS (READ ONLY)
(WHEN TBIT IS ASSERTED)
07 00
I 1 T T T I T
171262 |27 26 25 24 23 22 21 20
i ]
DAC 1 1 T T I ! |L —}7
171263 S4 S3 s2 81 31 30
1 1 L | 1 1 |
07 00
T I ) ) 1 1 T
171264 47 46 45 44 43 42 41 40
DAC 2 —t——t——+—
171265 S4 S3 S2 S1 51 50
| | | | N I
07 00
I 1 T T 1 i I
171266 [ 67 66 65 64 63 62 61 60
oacs Tt At
s4 717
[ 54,s3 82,81 71 70

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

MA-2157

Figure 6-23-2 DAC Data Registers

Data Paths

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 high byte is
strobed into one of the four holding registers by WR1l, WR3, WRS5,
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 bits in the holding register are strobed into the 10-bit
output register by WR@, 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
ladder networks. These devices produce analog signal outputs that
are a function of the weights (binary values) of the asserted bits
in the 1@-bit data word.
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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 5(9-4).

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 A@, Al, 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 module. The G multiplexer output is then strobed onto 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 A@, Al, 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 WR@-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 processor that output data has been received. The processor
then negates D DOUT.

The DACs on this module have a 1@-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 1low
byte in the second. For example, if the channel two DAC at base
address 171260 is being addressed, the high byte data (address
171265) is output first and strobed into the 2-bit holding
register by the WR5 signal. The low byte (address 171264) is then
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 program wants to monitor the digital word of a DAC output,
it causes the processor to perform DATAIs on its two addresses. In
the case of a DATAI, 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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stored as A@, Al, and A2 set up the input multiplexer for the
correct byte, and when the processor asserts D DIN, this data is
strobed onto the D-bus by the DI GATE signal. After a short delay,
DI GATE produces D RPLY, notifying the processor that data is on
the bus. The processor then causes the IOCM to negate D DIN.
Again, two addresses must be read to get all ten bits of data, so
another D-bus Cycle (DATAI) will follow.

Between the 1input multiplexer and the DI gates 1is the G
multiplexer. This multiplexer outputs data from the 1input
multiplexer unless the program has set the GBIT in the CSR of the
IOCM. In that case, the module's generic code is put on the busg
instead of normal data.

When the program sets the DBIT, it disables the output registers
to all four DACs, which sets all their outputs to =zero. The
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.

CAUTION

When using the diagnostic test
associated with the TBIT, the DBIT
cannot be wused to disable the DAC
outputs; instead, the module's output
cable must be disconnected to 1inhibit
output signals to the customer's
equipment. This is because the TBIT
function for this module enables
monitoring the output comparator network
status bits while the DAC outputs are
being exercised. While it is true that
the DBIT disables (zeros) the DAC
outputs to the customer, it is also true
that it invalidates the output
comparator signals.

DAC

Each channel consists of a set of analog switches, an R/2R ladder
network, a voltage amplifier, and a current converter (Figure
6-23-4). The switches, driven by the output data word, switch the
legs of the ladder between REF/2 and ground; the MSB is at the
amplifier end and the LSB at the other end of the ladder. Each
ladder leg that is switched to ground produces an incremental
output according to its binary weight. The output of the ladder
network 1s 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 (D@) produces an output
of 10 mv and succeeding bits are weighted to produce 2 times this
amount, where n 1is the bit number. Therefore, the MSB (D9)
produces 1@ mV times 512 or 5.12¢0 V., If all bits are asserted,
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Figure 6-23-4 DAC Circuit

their combined weights add up to 16.230 V. Table 6-23-1 lists the
weight of each bit.

Voltage amplifier output 1is current-limited and should not be
loaded in excess of 15 mA. Clamp diodes provide output protection
in the event of externally applied overvoltages.

In addition to the voltage output, each DAC has a unipolar current
converter that outputs a current from 6 to 20 mA or from 4 to 24
mA. Switches on the module allow the user to select the desired
current range independently for each DAC. Changing the current
range requires recalibration 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 load. Therefore, it 1is able to produce a current
proportional to the output of the voltage amplifier. 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 mA 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 supply. It should not be expected to deliver an output
voltage in excess of 10 V.
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In the @ to 200 mA mode, the LSB (D@) produces an output of 19.55
microamp, and succeeding bits have binary-related weights such
that the MSB (D9) produces a current of 19.55 microamp X 512 =
10.00978 mA, Table 6-23-2 lists the current produced by each bit.

Table 6-23-1 Voltage Output Bit Weights

Bit No. Weight (mvV)
/] 10
1 20
2 49
3 80
4 160
5 320
6 640
7 1289
8 2560
9 5120
Total 10230
(All bits asserted)

Table 6-23-2 Current Output Bit Weights
(6 to 20 mA option)

Bit No. Weight (microamp)

19.55
39.10
78.20
156.40
312.81

WS

625.61
1251.22
2502.44
5004.89

10009.78
Total 20000.00
(All bits asserted)

O oJowwm

In the 4 to 20 mA mode, normal current output with no bits
asserted is 4 mA. The LSB causes a current increase of 15.640
microamp for a total output of 4015.640 microamp. 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 mA. 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 mA.
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Table 6-23-3 Current Output Bit Weights
(4 to 20 mA option)

Weight Offset Output

Bit No. (microamp) | (microamp) (microamp)
) 15.640 +4000 4015.640
1 31.289 +4000 4031.28¢0
2 62.561 +4000 4062.561
3 125,122 +4000 4125.122
4 250.244 +4000 4250.244
5 500.489 +4000 4500.489
6 1000.977 +4000 5000.977
7 29081.955 +4000 60601.955
8 4003.9190 +4000 8003.910
9 8007.820 +4000 12007.820
Total 16000.000 +4000 20000.000
(All bits 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:

S1 =1 for V1 > (V@ +30 mV)
S1 =@ for V1 < (V8 -30 mV)
S2 = 1 for V2 > (V1 +30 mV)
S2 =@ for V2 < (V1 -30 mV)
S3 =1 for V3 > (V@ +30 mV)
S3 = @ for V3 < (V@ -30 mV)
S4 = 1 for V3 > (V2 +308 mV)
S4 = @ 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 states as a
function of the four DAC inputs, thus providing diagnostic
information to the program. Note that between the limits specified
above for each status bit, the bits are undefined. This is shown
graphically in Figure 6-23-5 for status bit Sl.

s1 r—““"UNDEFINED

» (V1-VO) mV

MA-2166

Figure 6-23-5 Status Bit S1
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Reference Supply

There is a separate voltage supply on the module for producing the
REF (1@.246 V) and REF/2 (5.128 V) voltages used by the DAC
circuits. A simplified schematic is shown in Figure 6-23-6. The
circuit consists of a 6.2 V zener reference diode and operational
amplifier buffers.

S1

O——AA———
S2

O——AAN———
S3

O— A
S4

° Wy REF

R1 ADJ R2

\ REF

 El =62V * (1024 V)

EREF A +
% REF
REF/2 > 2
ADJ (5.12V)

MA-2158

Figure 6-23-6 Reference Supply

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

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
stage that drives two regulating charge pumps. The +15 V charge
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-pole switch E21 shown in Figure 6-23-7. An example of one
possible address selection is shown in Figure 6-23-8 to illustrate
the use of this switch.
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Figure 6-23-7 A638 DAC Module
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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 A638 module pin connections for J1, the I/0 cable connector,
are listed in Table 6-23-4.

CALIBRATION

General

DAC module calibration is accomplished by means of diagnostics
included with the I/0 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 mA range to the # to 20 mA range.
(The module is shipped with the 4 to 20 mA range selected.) This
necessitates recalibration of those outputs. If calibration is
attempted without the diagnostic, be advised that the 1low end
calibration point for the @ to 20 mA 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 A63@ I/O Connections

Module Module
1/0 1/0
Connector Field Connector Field
Pin I1/0 Pin I/0
1 2
3 4
5 Vout Chan 0 6 Ground
7 Iout 8 Ground
9 10
11 12
13 Vout Chan 1 14 Ground
15 Iout 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 Tout 49 Ground
41 42
43 44
45 46
47 Vout Chan 3 48 Ground
49 Tout 50 Ground

6-23-12



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

ON1 5

E79

OFF

rL
REF SWITCH (ALWAYS ON)

REF ADJUST
INCREASE = ON
DECREASE = OFF

ON on !
E 80 E78

OFF OFF

A A
CHAN
l _ FOR SPECIFIED CHANNEL

BOTH ON = (0-20) mA
BOTH OFF = (4-20) mA

0
4
2
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 A63@ 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 is;
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 A638% 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 Weston Shlumberger model 443 or
equivalent

Extender module W93 4B

Resistor 504 ohm, @0.081 percent, 9.3 W, DEC

part no. 13-09985-00

Screw Terminal Connections

The reader should refer to Chapter 3, Paragraph 3.8.5, for general
field interface information. The A630 uses the BC4fA screw
terminal. Refer to Table 6-23-5 for this module's terminal
confiqguration.
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A630 Screw Terminal Connections

Table 6-23-5 Module
BC4@0A Screw Terminal
Field Screw
Channel Terminal
Number Number
1
2
3
4
Vout 5
Ground 6
a0 Iout 7
Ground 8
9
19
11
12
Vout 13
Ground |14
g1 Iout 15
Ground |16
17
18
19
20
Vout 21
Ground |22
@2 Iout 23
Ground | 24
25
26
27
28
29
30
Vout 31
Ground |32
23 Iout 33
Ground | 34
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SPECIFICATIONS

Power Requirements
Voltage Main supply: VS = 12 vdc + 2 Vvdc

max imum

6-23-16

Backup supply: 14 vdc > VB >
(Vvs-0.7) vdc
Operating Current 360 mA maximum
NOTE
If the backup supply is implemented,
total operating current is shared.
Main supply: 350 mA maximum
Backup supply: 10 mA maximum
Standby current 10 mA maximum
(Backup Supply)
Number of channels Four
Digital input Natural binary, unipolar
Output Characteristics
General
Resolution One part in 1024 of full scale
Linearity +1 LSB maximum between end points
Temperature Gain: 200 microvolt/degree C
drift Offset: 200 microvolt/degree C
Long term Gain: 2 mV/initial 10068 hr
drift Offset: 2 mV/initial 100¢ hr
Total module 80 mA maximum
output
Voltage
Output P to 10.23¢0 V @ 15 mA maximum
Offset Adjustable to zero on all outputs
Gain 49 mV maximum interchannel
accuracy differential
Current
Output @ to 20 mA or 4 to 20 mA @ 19V



Of fset
Gain
accuracy

Protection

Physical Characteristics
Dimensions

Field connector

Environmental
Characteristics

Heat dissipation

Adjustable to zero or 4 mA on all
outputs

Adjustable to 20 mA 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 BC4@PA or customer-
supplied 50 pin Berg

Complies with DEC STD 1042 Class C.
Operates in convection cooled
environment up to 6@ degrees C
ambient.

13 Btu/hr maximum
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A631
FOUR CHANNEL 12-BIT ISOLATED D/A CONVERTER

FUNCTIONAL DESCRIPTION

The A631 module contains four group-isolated 12-bit digital to
analog converters (DACs). It offers & 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 1left 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 A631 each occupy two byte addresses, a total
of eight for the module. Data 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(#-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 1lines, D(#-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 J1.
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Control Signals

Data transfers to and from the A631 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 00 ,/'-LSB
171260 | 7 6 5 4 3 2 1 0 OUTPUT
DAC 0O DATA
171261 1M1{101 9 8 (READ/WRITE)
MSB—/
07 00
171262 7 6 5 4 3 2 1 0
DAC 1
171263 11 10 9 8
07 00
171264 7 6 5 4 3 2 1 0
DAC 2
171265 11 10 9 8
07 00
171266 7 6 5 4 3 2 1 0
DAC 3
171267 1 10 9 8

NOTE

IF THE G BIT IS ASSERTED ALL ADDRESSES
WILL CONTAIN THE MODULE'S GENERIC
CODE. (262)

MA-5152

Figure 6-24-2 A631 DAC Data Registers

When the processor addresses any one of the A631 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
ADDR@, ADDR1, 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 (#-3), or LDL (8-3)
signals. These signals strobe new data into the addressed 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 1s written to the module's RAM at the same time data 1is
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 IOCM, it can then
exercise the module by writing and reading into and out of its RAM
registers without affecting the current or voltage 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 att 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-bit data input to the DAC is in two bytes. The high byte,
which contains the four MSBs, 1is written 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 separate holding
register for each DAC channel, therefore, operation of the four
DAC channels is totally independent.

Digital to analog conversion of the 12-bit DAC input 1is
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
operational amplifier that converts the output current of the
ladder network to a proportional voltage. This amplifier 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 voltage or current output is the sum of the binary weights of
the asserted bits in the 12-bit output data register. For a
voltage output, the value of the LSB is 2.5 mV (#.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 4095).

For example, if an analog output of 2.685 volts is required, the
necessary 12-bit binary output word is computed as follows:

E out 2.605
= 3 = 1042 decimal
LSB 2.5 X 19

gl0 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 2¢.475 mA (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
Voltage Current
Outputs Outputs
Bit No. (mV) (microamps)
2 2.5 5
1 5 10
2 10 20
3 20 49
4 49 80
5 80 160
6 160 320
7 320 640
8 640 12890
9 1280 2560
10 2560 5120
11 5120 19249
Total
(All Bits Asserted) 19237.5 20475

DC Power and Operating Modes

The analog circuits of the A631 module require +15 Vdc. These
voltages are not available on the D-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 supplies furnished 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
during a computer power shut-down, the user can implement 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 power supplies
(Figure 6-24-4). Jumpers W1l and W2, (shown in the figure) are
added to connect the external power; Jjumpers W3 and W4, and
capacitors C32 and C42, are removed to disconnect and disable theé
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 A631l's on-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.

' TO DACS
A
' 14 N
| —10V OR
+15  —15 433 V
€32 Ca2 : vDC VDC REF
A
T tr
w3
DC-DC [—©=--0 15 V REFERENCE
CONVERTER L—_oWa, REGULATOR CURCUIT

E66|  REF SELSW |

J1

W2

l—o---0~ 9

]__ 10 ] +25 VDC USER
w1 a1 FURNISHED
o ] POWER

42 SUPPLIES
] —25VDC

17
g
MA-5250

Figure 6-24-4 Isolated Power Options
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Reference Circuit
The A63]1 includes a stable reference for the DAC circuits (Figure

6-24-5). This circuit provides =18 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
reference. This is followed by an operational amplifier circuit,
the output of which is the appropriate reference level. Changing
the reference from voltage to current mode 1is done before
calibration with switches. The switches reconfigure the amplifier
circuit from an inverting amplifier for the -10 V (vcltage) mode
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 switch 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.

E66—1 E66-5
{“°//I °"‘] E66—2 [“*’// A
AD2700L
10V REF Vv PN =" o -
10K 10K
| > VREF
10K +
E66-3

3oo§ -
E66—6 E66—

o
103K§
135“7

Figure 6-24-5 Reference Circuit

MA-5153

Generic Code
The generic code of the A631 DAC module is 262,
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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 A631 uses the BCA40A screw
terminal assembly. Refer to Table 6-24-2 for this module's screw
terminal configuration.

Pin Connections

The A631 module pin connections for J1, the I/0 cable connector,
are listed in Table 6-24-3.
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Table 6-24-2 Module A631 Screw Terminal Connections

BC4PA Screw Terminal Assembly

Field Screw
Channel Terminal
Number Number
1
2
3
4
Vout 5
Vreturn )
00 Iout 7
Ireturn 8
. 9
*
Field +24 vdc {1g
11
12
Vout 13
Vreturn 14
%1 ) 1out 15
Ireturn 16
Field Power return¥* {ig
19
29
Vout 21
Vreturn 22
b2 Iout 123
Ireturn { 24
. 25
- *
Field -24 Vdc 26
27
28
29
30
Vout 31
33 Vreturn 32
Iout 33
Ireturn 34

* For retentive mode only - user furnished
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Table 6-24-3 Module A631 I/0 Connections

Module Module
I/0 I/0
Connector | Field Connector | Field
Pin 1/0 Pin I/0
1 2
3 4
5 Vout Chan @ 6 Vreturn Chan @
7 Iout 8 Ireturn
9 Field +24 vdc* 10 Field +24 vdc*
11 12
13 Vout Chan 1 14 Vreturn Chan 1
15 Iout 16 Ireturn
17 Field Power Return 18 Field Power Return
19 4 20 4
21 22
23 24
25 26
27 28
29 30
31 v 32 Y
33 Field Power Return 34 Field Power Return
35 36
37 Vout Chan 2 38 Vreturn Chan 2
39 Iout 49 Ireturn
41 Field -24 vdc* 42 Field -24 vdc*
43 44
45 46
47 Vout Chan 3 48 Vreturn Chan 3
49 Iout 50 Ireturn

* For retentive mode only - user furnished.

APPLICATION NOTES

1.

The current outputs of the A631 cover the range of 0-20
mA. If it is desired to use this module as the source of
an industry-standard 4-2@ mA signal, the 4 mA 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/0 subsystem is reset, the
DAC outputs will go to zero (except in retentive mode).
The process then interprets this condition (DAC output
less than 4 mA) as an error, and takes appropriate
fail-safe action.
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If the user requires 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 W1l and W2, remove Jjumpers 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 supplies will be reflected to some extent
in the DAC outputs. For best results these power supplies
should be the linear regulated type.

When the retentive feature of the A631 module 1ifg
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.

Circuit Schematic
IOCM Rev. Level
M7958 H
M7959 A*
M8719 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 A631ls 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
draw up to 450 mA from its +12 V power supply. If multiple
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
guidelines.

1. Leave one slot unused. All nine remaining slots can then
be filled with current-mode A631 modules. The unused slot
must have an M9¢19 continuity module, unless it is the
last slot in the I/0 subsystem.

2. Use five or fewer current-mode A631 modules; the

remaining slots can be used for any other module types
(including voltage—-mode A631 modules).
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3. Use 6, 7, or 8 current-mode A631 modules, and make
certain that the remaining current capacity of the H7872
power supply 1is not exceeded by computing the total
current requirements of the modules used in the remaining
slots.

H334-A, H334-B, and H334-X Chassis - These chassis are powered in
pairs by the H7870 power supply (Chapter 1, Paragraph 3.3.1; and
Chapter 3, Table 3-1). The maximum current for the +12 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 A%631 modules
do not owverload it.

H333-A and H333-B Chassis - Each of these chassis is powered by a
separate H7870 power supply. Although this chassis accommodates
only eight I/0 modules, its +12 V power supply also powers the
IOCM and any other LSI-11 modules that are present. The user must
compute current requirements for all these modules, and make
certain that the use of multiple current-mode A631 modules does
not overload the +12 V power supply. In addition, the total power
delivered 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 1is necessary, it is accomplished by means of
diagnostics included with the I/0 subsystem. Instructions for
using these diagnostics are included with the software package.

Identification of adjustments and switches is provided in Figure
6-24-6. A 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 €-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 resistor used
during current mode calibration is essential to achieve a valid
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
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 TC CALIBRATE
THE A631. Factory calibration is probably better than that which
you will be able to accomplish.
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Figure 6-24-8 Reference Voltage Selector Switches
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Figure 6-24-9 Resistor and Meter Lead Placement
For Current Mode Calibration
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CAUTION
The system must be powered down before
inserting or removing any module.

Equipment Needed

Resistor 500 ohm, 0.01 percent, @.3 W, DEC
part no. 13-09985-00
Voltage reference EDC model MV1@5G or equivalent
SPECIFICATIONS
Power Requirements From I/O Subsystem
Vol tage Main supply: VS = 12 Vdc + 2 Vdc -1
gggkup supply: VB = 14 Vdc > VB >

(Vs-@.7) Vdc

Current:

Current mode: Main supply: 450 mA maximum
Backup supply: 12 mA maximum
Total: 460 mA maximum

Voltage mode: Main supply: 350 mA maximum
Backup supply: 14 mA maximum
Total: 360 mA maximum

Retentive mode: Main supply: 90 mA maximum

Backup supply: 10 mA maximum
Total: 100 mA maximum

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

Power Requirements From Optional Field Power (Retentive Mode)

Voltage: + 24 Vdc + 3 percent
- 24 Vdc + 3 percent
Current:
Current mode: + 24 V supply: 100 mA maximum
- 24 V supply: 150 mA maximum
Voltage mode: + 24 V supply: 120 mA maximum
- 24 V supply: 40 mA maximum
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Output Characteristics

Voltage Output

Range:

LSB:

Max current output:
Gain accuracy:

Gain temp. coefficient:

Offset:
Of fset temp.
coefficient:

Integral nonlinearity:

Differential non-
linearity:

Slew rate:

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

Capacitive loading:

Settling time:
(to B0.01% of final
value)

Channel interaction:

Current Output

Range:

LSB:

Maximum load
resistance:
Gain accuracy:

Gain temp. coefficient:

Offset:
Of £fset temp.
coefficient:

Integral nonlinearity:

Di fferential
nonlinearity:

19.24 V

2.5 mv

+5 mA

Adjustable

30 ppm of full scale/°C maximum
+1/2 LSB maximum

+50 microvolts/oc max imum
+1/2 LSB maximum, over temp. range

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

#.1V/microsecond (with a load of
2 kohms in parallel with 150pf)

2mV from 10 Hz to 14 kHz
2¢0mV from 10 Hz to 180 kHz
150mV froml@ Hz to 1 MHz

#.]1 microfarad will not cause
instability but will degrade
settling 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

3-20.48 mA
5 microamps

500 ohms
Adjustable
30 ppm of full scale/°C maximum

Adjustable

g.4 microamps/oc max imum
+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)
Settling time:

(to 0.01% of final
value)

Channel interaction:

Isolation

Isolation voltage:
Common mode source:

Common mode rejection
ratios

Physical Characteristics

Dimensions:

Field connector:

Environmental
Characteristics

Heat dissipation:

@.2 mA/microsecond (with a load of
500 ohms in series with 1003 micro-
henrys

4 microamps from 10 Hz to 1 kHz
409 microamps from 10 Hz to 100 kHz
30@ microamps from 10 Hz to 1 MHz

190 microseconds (with a load of
500 ohms in series with 1903 micro-
henrys)

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

19060 vdc
19008 Vac peak

200 VA for UL approval

120 dB from dc to 60 Hz
79 dB at 10 kHz

70 dB at 100 kHz

60 dB at 1 MHz

3¢ dB at 1@ MHz

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

Cable type BC40A or customer-
supplied 50 pin Berg

Complies with DEC STD 162 Class C.
Operates in convectign cooled
environment up to 68-C ambient.

22 BTU/hr maximum
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BC40

L
SIGNAL CONDITIONING SCREW TERMINAL ASSEMBLY

FUNCTIONAL DESCRIPTION

The BC49L 1is a more versatile alternative to the BC40A screw
terminal assembly. In addition to the standard screw terminals, it
offers a convenient means of inserting signal conditioning circuit
components into the I/0 field interface. It makes possible the
addition of series and/or parallel components to each interface
circuit. Typical wuses 1include the addition of pull-ups,
attenuators, filters, etc.

DETAILED DESCRIPTION

The BCA4@L (Figure 6-25-1) is a specially designed screw terminal
assembly. It is similar to the BC4#A in that it has a screw
terminal field interface, and a Berg connector module interface.
With the exception of terminal 17, it makes the same electrical
connections between these two. It is dissimilar to the BC40A in
that it is larger (23.4 X 32.5 cm = 9.2 X 12.8 in), has a Berg
connector I/0 interface (can be connected directly to the ATR16),
and has turret terminals for quick and easy installation of user
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 componentis
(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 commohn
potential buses and Veoro as well as some that are noit
connected to anytﬁlng. T%e RI and V terminals provide
convenient power connections for dev1ces sugh as pull-ups or zener
diodes. The uncommitted terminals are provided so that they can be
used as convenient tie points in more complex circuits.

INSTALLATION

The BC4@QL is the same height as, but wider than, a BC4@gA; and 1is
installed in an H332 chassis in the same manner as a BC40A. It
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 wiring is
completed. The proper way to install the I/0 module cable and the
ATR16 cable (if used) is shown in Figure 6-25-3.

APPLICATION NOTES

General

BC4QL screw terminal and Berg connector (J1) inputs are parallel.
The Berg connector input is provided to accommodate an ATR16 cable
which normally plugs directly into an Al57 or A@2@. 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
this manual.
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Figure 6-25-2 BC4@L Circuits with Jumpers
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If the interfacing module is not an Al57 or A@20, then power is
not available from the module, and any power requirements of the
signal conditioning circuits must be met with a user furnished
external power supply connected to screw terminals 17 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 of jumpers W34 and W35, depending on whether or not the
user needs to isolate his field circuit ground from the computer

ground. The user must consider each type of module interface
individually.

I/0 Connections

Except as noted above for terminals 17 and 18, field wiring
configurations for the BC40L screw terminals are the same as for
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 BC4@A with the possible exception of
terminals 17 and 18. The status of these terminals depends on
several factors and 1is best visualized by referring to Figure
6-25-4. This figure is a much abreviated schematic of the BC4gL,
but it 1illustrates the key points (a complete schematic is
included in the BC40L print set).

The important electrical difference between the BC4gL and the
BC4pA 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 Al57 or A@20, 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 ATRI16.

Second, if +12V is suitable for the signal conditioning circuits,
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 1leaving the Jjumpers intact and turning on the
appropriate module switch (i.e., E30-4 on the Al57, or E6-18 on
the A@2@). Note that this can be done whether an ATR16 is being
used or not.

CAUTION

Maximum additional 1loads on the +12V
module power from the Al57 and A@28
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

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 correlates cell
numbers, screw terminal numbers, and Berg connector pin numbers.

Application Examples

Schematics and component layouts of ten circuits that might be
implemented wusing the BC4¢L are shown in Figures 6-25-6 and
6-25-7.
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RIGHT, AND THE MODULE SIDE ON THE
LEFT IN ALL CASES.

MA-4811

Figure 6-25-5 Channel Number and Component Identifications
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Table 6-25-1

Terminal Identification

BC4@L Turret Screw
Terminal Terminal Pin Numbers
Cell Number Number Jl J2
1 1 50
7]
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 19 41
11 11 49
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 49 11
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Table 6-25-1 Terminal Identification (Cont)

BC40L Turret Screw
Terminal Terminal Pin Numbers
Cell Number Number Jl1 J2
25 41 19
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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Al58
RMS INPUT MULTIPLEXER

FUNCTIONAL DESCRIPTION

The Al58 RMS input multiplexer offers a means of monitoring 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 A@gl4
analog input subsystem on the D-bus.

The module accepts up to eight pairs of voltages, and éight
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,
representing the RMS voltage, the RMS current, and the average
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 A@l4 via the D-bus, where it is converted to digital data.

The Al58 is a product of DIGITAL's Computer Special Systems group.
Additional information is available in CSS document number
YM-C152C

A 158
.
Vi
VsEL
' v
I ' RMS-DC |—RMS
I
INPUT
| P
ﬁf< ! MUX x J |-AVE
i | OUTPUT | D ANA SIG _ 70
! SEL s | MUX ~ A014
Vg RMS-DC
Ig CAL. | VTEST
L REF.

MA 5247

Figure 6—26-1 A158 Block Diagram
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CHAPTER 7
SERVICE PROCEDURES

7.1 SCOPE

This chapter provides enough information to enable a person with
minimum exposure to the I/0 Subsystem to effect a repair in
minimum time. Throughout this chapter, the reader 1is 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/0 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 1I/0 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
equipment and materials are required to perform maintenance
procedures. The two dual extenders serve as a single quad.

Digital voltmeter Weston Schlumberger model 443 or equivalent
Oscilloscope Tektronix model 465 or equivalent
Voltage standard E.D.C. model MV1@5G or equivalent*
Module extenders Two W900 (multilayer extenders must be used)

Diagnostic MD-11-CVPCAD-0
Print set B-TC-H333
7.3 SPARES

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. Where Used
Picofuse 62.5 mA 99-089122 M5¢019, M5¢11, M5016, A630
Picofuse 1 A 12-10929-92 M6@l@, M6@411, M5014, M6B10-YA,

A@l4, Al156, Al57, Me6gl4

*The voltage standard must have been accurately calibrated within
the last six months to achieve acceptable calibration of analog
I/0 modules.



Picofuse @.5 A

12-99159-00

AQ20

Picofuse 2 A 12-11751 M6@12, M6@15
Special 12-12442 M6#13
6.25, A 250 VvV, SB 90-07223-00 H787@ power supply (115 V)
3 A, 250 VvV, SB 90-07218-00 H7870 power supply (2306 V)
2 A, 250 VvV, SB 9007216-00 H7872-A power supply (115 V)
1.5 A, 250 VvV, SB 9007213-00 H7872-B power supply (230 V)
WARNING
Use of any fuse other than the one
specified for the M6#13 module may
result in personal injury, equipment
damage, and/or improper operation. The
module is equipped with a spare holder
for this fuse to ensure that one 1is
always conveniently available.
7.4 ADJUSTMENTS

Adjustments may be required for the power supplies and the analog
I/0 modules. Adjustment procedures for analog I/0 modules are part
of the 1I/0 subsystem diagnostic program. Locations of 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 adjustment potentiometers (marked on the module)
are located on the printed circuit board inside the supply (Figure
7-1) . Adjust the power supply as follows.

1. Remove power supply cover and slide 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. Attach DVM probes to front panel test points +5 V and
RETURN (R) .



H7870 POWER SUPPLY
VOLTAGE ADJUSTMENT POTS
ON P.C. BOARD UNDER COVER

H7872 POWER SUPPLY
R6 VOLTAGE ADJUST
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TO ADJUST R6 THROUGH

ACCESS HOLE ON BOTTOM 12V TEST
POINTS

MA-3118

Figure 7-1 Power Supply Adjustments

Voltage reading should be +5.1 V +0.15 V.

If reading is out of tolerance, correct by adjusting the

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

Reading should be +12 V +0.36 V.

If reading is out of tolerance, correct by adjusting the

+12 V potentiometer.

Slide the supply back into the frame and replace the

cover.



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 through 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
(Figure 7-1).

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

7.5 CORRECTIVE MAINTENANCE

Corrective maintenance has been simplified in the I/0 Subsystem.
Most failures can be 1located in minimum time by wusing the
maintenance tools available. This section includes maintenance
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 interrupt is
accomplished, reading the IAR (interrupting address
register) returns the low byte of the CSR (control
status register) address (377).

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 complement 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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6.

7.5.2

The A/D converter module (A@l14) has an on-board ramp
feature that allows a basic check of the analog circuits.

The D/A converter module (A63@) contains circuits that
allow the outputs of the four channels to be compared and

the result of the comparison sent back when the module ig
read. :

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

Maintenance Tips

The following tips are important when performing maintenance on
the I/0 Subsystem.

l.

Isolate the I/O control module. In an IPll or IP3¢4g
system, this 1is accomplished by removing the first 1I1/0
module; in an IP11§ or IPV1@ system, unplug the D-bus
cable from the M8719 I/0 control module.

Ensure that an I/0 failure is not common to all 1I/0
modules. For example, if you attempt to read a module's
data and receive the low byte of the module's address,
and other modules react the same, the problem is most
likely to be in the control module.

I/0 module addresses do not have to be contiguous.

I/0 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 addresses
must not overlap, 1i.e., if a 4-byte module has 1its
address set to 171000, the next module must have 1its
address set to 171004 or higher. If its address were set
to 171002, an overlap condition would exist. Moreover,
I/0 module addresses must not overlap the CSR or the IAR,
€e.g., a 4-byte module cannot have its address set to
171374.

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

The diagnostic prints an I/0 module map (when the M
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 ascending order on the D-bus. For
instance, the following situation might occur.



Slot

AU W

lg.

11.

12.

13.

Physical Module Layout Printed Map

Module Address Module Address
M5@012 771000 M5012 171000
M5010 7710820 M6010Q 171004
M6@10 771004 M5011 171010
M5013 771615 M6@13 171014
M6013 771014 M5013 171915
M5011 771010 M5014@ 171020
NOTE

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

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

A notebook containing' the I/0 module configurations and
other pertinent information will normally be maintained
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/0 modules have
responded.

If there is an empty slot(s) between I/0 modules or
between the IOCM and the first I/0 module, a continuity
module (M9019) must be installed in the € and D
connectors of the empty slot(s).

The M7958 (IOCM) must be the last LSI-11 option on the
LSI-11 Bus, not counting the bus terminator.

An I/0 module or the IOCM must never be plugged into or
removed from the subsystem with system power applied.
This invariably damages the modules.

The IOCM and the I/0 modules use CMOS logic; if failures
require that ICs be replaced on these modules,
precautions for handling static-sensitive components must
be used.

On subsystems with multiple power supplies, system power
should be controlled by the master power switch either on
the H333 or PDP-11 CPU. If power supply problems require
that individual power switches be cycled, the entire
subsystem must be powered down and the 1I/0 modules
removed from the suspect chassis. After the modules are
removed, the individual power switch for that chassis can
be cycled.



14. If problems appear to be in the field wiring, the LEDs on
the I/0 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.

15. There are timing restrictions that affect system
programming (Chapter 4, Paragraph 4.5.4).

16. Memory refresh should be performed only by the MSV11l-C or
MSV11-D memory modules. Refresh by the CPU or by the
REV11-A must be disabled or improper operation will
result.

7.5.3 Basic Failure Analysis Procedure
Throughout this discussion it is assumed that only the 1I/O
Subsystem has a problem and that the rest of the system is

operational.

NOTE
Although the diagnostic disables the I/0
modules from the field wiring, it is a
good practice to remove all power from
the field wiring to ensure that 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,
Paragraph 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 Vv ON - all
others off.

5. Check screw terminal cables for proper installation
(Chapter 3, Paragraph 3.3.3.3).

6. Check power supply voltages (Paragraph 7.3).

7.5.3.2 Diagnostic Check - Load and run diagnostic MD-11 CVPCAD-@.
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Run the map (M) option and ensure that all I/0O modules
respond properly.

Run the system test (S) option.

Most faults will be located by running the above optionsi.
One notable exception 1is the final stage of an 1I/0
module, which cannot be tested by the diagnostic.
Therefore, if a problem is encountered with "BIT XX" on
one of the I/0 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/0 stages of the suspect module. If this fails to
isolate the fault, the field wiring should be checked to
see 1f the proper signals are present.

Determine whether the problem is associated with one
module or more than one. A fault on the control module
can make all I/0s appear faulty. One I/O module could
cause a bus problem that would make all I/Os appear bad.

Bus fault isolation - Isolation of modules in the I/0
subsystem is readily accomplished.

a. Control modules are isolated from the I/0 modules as

follows:

M7958 - remove first I/O module

M7959 - unplug D-bus cable from J1 of M7959
M8719 - unplug D-bus cable from J1 of M8719

b. Removing any I/0 module will open the bus in the
(H333) chassis.

NOTE
Some bus signals 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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APPENDIX A
MNEMONIC DEFINITIONS

A.l GENERAL

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-11 bus signal
D XXX - D-bus signal.

The references identify a location where the signals may be
observed, for example, IOC E6-8 stands for M7958 1I/0 Control,
component E6 and pin 8 (refer to print set B-TC-H333).

Mnemonic Definition

ADRO Ref. IOC E6-8. Address OQut - Asserted at the
beginning of the D-bus Cycle
Selects the address mode of the D-bus output
multiplexer

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

B IRQ Ref. IOC E21-8. Bus Interrupt Request - Asserted
by subsystem if its interrupt enable and flag
signals are asserted
Means some device on the LSI-11 bus requires
service

B RPLY Ref. IOC E35-1@. Bus Reply - Asserted in response
to B DIN, B DOUT, and IAK transactions
Indicates some device on the LSI-11 bus has
accepted output data or placed input data on the
bus

B SYNC Ref. IOC AJ2. Bus S8ynchronize - Asserted by bus
master to indicate it has placed address on bus

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

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

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

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



Mnemonic

BUS Cl

BUS MSYN

BUS SSYN

CIA

CLR

C MAINT

C RIF

CSR

D ADDR

D-BUS

DCE

D DIN

D DoOUT

Definition

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 E2-15. Control or Interrupt Address -
Asserted when either the CSR or IAR is addressed

Ref. IOC E36-14. Clear Bit, bit @1 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. 1IOC E52-5. D-bus address - Assertion
indicates start of modified D-bus Cycle that
reads the address of the interrupting module

H333 I/0 bus

Ref. IOCC El1-3. Data Cycle Enable - Assertion
enables D-bus data transactions

Ref. IOC CR1/CR2. D-bus Data Input Strobe -
Assertion causes addressd I/0 module to place
appropriate data on the D-bus and to acknowledge
the operation by asserting D RPLY

Ref. IOC CS1/CS2. D-bus Data Output Strobe -
Assertion causes addressed I/0 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 SY¥YS CLOCK

Definition

Ref. IOC DE1/DE2. D-bus Generic Bit, CSR bit 92 -
Assertion causes an I/0 module to respond with
its identity code instead of normal data

Ref. IOC El1-14. Data In - Assertion produces the
VECTOR signal during an interrupt transaction,
and NO INTR DIN otherwise

Ref. IOC DK2. D-bus Interrupt - Assertion at the
IOCM means that some I/0 module on the D-bus
requires service. This signal is daisy-chained to
all I/0 modules.

Ref. IOC El1-13. Data Out - Assertion enables the
R DOUT signal, or writing into the CSR

Ref. IOC CP2. D-bus Synchronize - Strobes 1I/0
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 E5-3. Data Time Latch - Indicates that
the data phase of the D-bus Cycle is in progress’

Ref. IOC E36-3. Disable Bit, bit #4 of the CSR -
Assertion implements I/0 disable mode on all I/0
modules

Ref. IOC E2-10. Device Select - Assertion means
that an I/0 Subsystem address has been decoded

Ref. IOC E32-2. D-bus Initialize - Restores all
I/0 module 1logic to the startup state, and is
asserted by B INIT, low backup supply voltage
(when implemented), negation of the DBIT, or
setting the CBIT

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

Ref. IOC E55-3. D-bus Driver Strobe - Assertion
enables D-bus output drivers

Ref, IOC CU2. Reply - Asserted in acknowledgment
of D DIN or D DOUT by the addressed I/0 module

Ref. IOC DV2. D-bus System Clock - 100 kHz
crystal-controlled oscillator signal for I/O
module timing



Mnemonic

D TBIT

EAB

FLAG

GBIT

INTR ENABLE

IOCM

IAR

INIT

IOR

LOAD ADDR

MAINT

MAINT DATA

Definition

Ref. IOC E52-9. D-bus Test Bit, CSR bit @03 -
Assertion implements I/0 test mode on all 1I/0
modules

Ref. IOC E9-1¢. Enable Address on Bus - Assertion
starts D-bus Cycle timing sequence

Ref. I0C E33-8. FLAG Bit, CSR bit @7 - Assertion
indicates that the I/0 Subsystem requires
service

Ref. IOC E36-11. Generic Bit, CSR bit @2 -
Assertion produces the D GBIT signal which causes
an I/0 module to respond with its identity code
instead of normal data

Ref. IOC E21-16. Enable Interrupt, CSR bit @6 -
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. 1Initialize - 1Initializes IOCM
Assertion clears the address register, interrupt
control, timeout circuit, and the CSR

Input/Output Register

Ref. IOC El-2., Load Address - Initiated by B
SYNC

Assertion strobes the I/0 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, CSR bit @65 -
Assertion forces a maintenance interrupt if E=1.
If M=1, then F=1, Reading an IOR with M=1 results
in data equal to the address of that IOR, whether
or not there 1is a module 1installed in that
address

REF. 1I0C E3-6. Maintenance Data - Assertion
enables a maintenance data input



Mnemonic

MY ADDRESS

NO INTR DIN

READ CSR

R DIN

R DOUT

REC LB

REC HB

RIF

R INIT

R INTR CLOCK

R SY¥YNC

SETUP TIME

Definition

Ref. I/O module MY ADDRESS flip-flop. Assertion
indicates the module has been addressed

The MY ADDRESS flip-flop is set when D SYNC
occurs if the module's address decoder output is
high

If the decoder output is low, the flip-flop is
reset

Ref. 1IOC E17-6. No Interrupt Data 1In -
Synchronizes all subsystem data reading
operations except the interrupt vector

Ref. IOC E15-6. Read CSR - Enables the CSR output
to the transceivers

Also clears MAINT and RIF at the end of the
current cycle

Ref. IOC El10-6. Data In - Assertion produces the
D DIN signal to the D-bus

Ref. IOC E1¢-8. Data Out - Assertion produces the
D DOUT signal to the D-bus, after a short delay

Ref. IOC E17-3. Assertion places the low byte of
the LSI-11 bus onto the internal data bus of the
M7958

Ref. IOC E25-8. Assertion places the high byte of
the LSI-11 bus onto the internal data bus of the
M7958

Ref. IOC E31-9. Reset Interrupt Flag, bit 00 of
the CSR - Causes the I/0 module being read to
reset its internal interrupt flag

RIF is cleared at the end of the cycle in which
an I/0 module or the CSR is addressed

Ref. IOC E38-11. R Initialize - Produces the D
INIT signal

Ref. IOC E38~6. R Interrupt Clock - Produces the
D INTR CLOCK signal

Ref. IOC E1@-11. R Synchronize - Produces the D
SYNC signal

Ref. IOC 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



Mnemonic

SYNC TIME

TBIT

UBUS HI XMIT

UBUS LO XMIT

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/0 modules prior to
a data transaction

Ref, IOC E36-7, CSR Bit @#3. Test Bit - Produces
the D TBIT signal

Assertion causes the M8719 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 E21-1l. Transmit Interrupt Vector -
Causes the subsystem interrupt vector to be put
on the LSI-11 bus

Ref. IOC E18-11. 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-11l 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-11 bus



APPENDIX B
FLOATING VECTOR ASSIGNMENTS

B.1l GENERAL

A floating vector convention is used for communication (and other)
devices that interface with the PDP-11. These vector addresses are
assigned in order, starting at 308 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 DC1l1l
is used, it would then be assigned vector address 318, etc. When
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 (KL11l, DPll, or DM11,
etc.), then to the other devices in accordance with the priority
ranking.

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

Vector Size Max imum
Rank Device (Octal) Number

1 DC11 10 32
2 KL1ll, pbLl1-A, DL11-C 19 16
3 DP11 19 32
4 DM11-A 10 16
5 DN11 4 16
6 DM11-BB 4 16
7 DR11-A 19* 32
8 DR11-C 1g* 32
9 PA611 Reader 4% 16
10 PA611 Punch 4% 16
11 DT11 19* 8
12 DX11 19* 4
13 DL11-C, DL11-D, DL1l1-E 19 31
14 DJ11 19 16
15 DH1l1 19 l6
16 GT49 10 1
17 LPS11 30* 1
18 DQ11 10 16
19 KW11lw 10 1
20 DUl1l 10 | 16
21 ICS11/ICR11 4 12
R 22 IP11/IP119@ J 4 16

*The first vector for the first device of this type must always be
on a 1@8 boundary.



When the vector addresses have been assigned to all higher ranking

devices,

beginning with the second one in the system.

addresses are then assigned to each 1IP1l14,
The first IP118 (or

IPll) is always assigned vector address 234.

NOTE
Floating vectors range from address
389-777, but addresses 586-534 are
reserved for special bus testers. 1In
addition, address 1000 is used for the
DS11 Synchronous Serial Line
Multiplexer. Refer to Appendix A of the
PDP-11 Peripherals Handbook, 1976, for a
complete discussion of UNIBUS addresses.

(or 1IP11)



APPENDIX C
USER FORMS

Refer to Chapter 3, Paragraph 3.6 for instructions on the proper
use of the forms in this section.






PAGE NO.

/O MODULE USER PAGE

MODULE TYPE

BYTE OF

GENERIC CODE

BYTE ADDRESS

MUX NO.

MODULE LOCATION:

SINGLE SHOT TIMING

CHASSIS NO. FIELD POWER:

SLOT NO.

common []

ISOLATED D

ACD
oc []

POINT

INTR.
ENAB.

BIT FUNCTION REMARKS

00

01

02

03

04

05

06

07

ADDITIONAL COMMENTS:
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Reader's Comments

1/0 SUBSYSTEM USER GUIDE
EK-OPIOS-UG-005

Your comments and suggestions will help us in our continuous effort to improve the quality and useful-
ness of our publications.

What is your general reaction to this manual? In your judgement is it complete, accurate, well organized,
well written, etc? Is it easy to use?

What features are most useful?

What faults or errors have you found in the manual?

Does this manual satisfy the need you think it was intended to satisfy?

Does it satisfy your needs? Why?

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

Name Street

Title City

Company State/Country
Department Zip

Additional copies of this document are available from:

Digital Equipment Corporation
Accessories and Supplies Group
Cotton Road

Nashua, NH 03060

Attention Documentation Products
Telephone 1-800-258-1710

Order No. EK-OPIOS-UG-005
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