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MINC is an integrated system for manipulating data and for
monitoring and controlling complex external apparatus. Al-
though computer-based, it is designed not to require detailed
knowledge on your part regarding traditional computer hard-
ware and software distinctions. Only at two points does this de-
sign principal not fully apply: when electrical connections are
made between the MINC system and the outside world, and
when system malfunction or operator error makes it necessary
to isolate physical system components for scrutiny.

This manual is for users who must approach MINC as a physical
and electrical object. It is organized in two parts. Part 1 con-
cerns those questions likely to be asked by anyone who wishes to
use MINC as a data transfer device—that is, to acquire data
from or transmit data or control information to apparatus out-
side of the system. This section defines the electrical and me-
chanical preconditions for running the data transfer routines
described in Book 6: MINC Lab Module Programmaing. Part 2
contains information pertinent to troubleshooting and diagnos-
ing problems generated by the physical system or by operator
error. It also contains recommendations for configuring systems
with multiple MINC modules, setting up the system terminal,
confirming data transfer connections, and reducing noise
pickup.

Relationship to Other MINC Documents. This manual is not
intended to be used alone, but to be read in conjunction with
other MINC documents. The most important of these is Book 6:
MINC Lab Module Programming, which describes the routines
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INTRODUCTION

The physical components of a MINC system can be grouped into SYSTEM
two categories: items common to all MINC systems, and those HARDWARE
that can be purchased as options, either when the system is first

acquired or at some later time as add-ons. See Part 2 for detailed

specifications of all components.

All MINC systems include the following standard items:

MINC cart, which provides support and transport for:

Dual diskette drive (RX02M)

MINC chassis (MNCBA) with power supply,
containing:
LSI-11 processor (KD11-NA)
32,768 words (65,536 8-bit bytes) of memory
(MSV11-DD)
Diskette drive interface (RXV21)
Four-channel serial ASCII interface (DLV11-J)
IEEE bus interface (IBV11-A)
Bus terminator/diagnostic/bootstrap module
(BDV11-AA)

Terminal with built-in graphics capability (VT105)

MINC systems can include some or all of the following lab mod-
ules:

Analog-to-digital converter (MNCAD)
Preamplifier  MNCAG)

Dual multiplexer ((MNCAM)

Clock (MNCKW)

Digital-to-analog converter (MNCAA)
Digital input unit (MNCDI)

Digital output unit (MNCDO)

MINC systems can also include:

Dot-matrix printer (LA35)
Isolation transformer (MNCIT)
110 baud, 20 mA serial line interface (DLV11-KC)

XV



INTRODUCTION

that control the MINC lab modules and also provides a general
framework for approaching control programming problems.
Although Working with MINC Devices identifies the data trans-
fer routines pertinent to each lab module, its coverage of these
routines is cursory and is written on the assumption that the
reader either has already read relevant portions of Book 6 or
will go to Book 6 for the necessary background and specific de-
tails.

Similarly, Chapter 6 gives information about the IEEE instru-
ment bus that will be essential to you if you use the routines
described in Book 5: MINC IEEE Bus Programming. Chapter 9
gives information about the MINC terminal that will be of gen-
eral use in all system operations and of specific use when you are
writing routines of the sort deseribed in Book 4: MINC Graphic
Programming.

Glossary Flags (*). Most technical terms used in this manual
are defined when they are used. Definitions for a few terms,
however, must be lengthy to be meaningful. These definitions
are given in the Glossary at the end of the manual. When terms
included in this Glossary are first used in the manual, they are
followed by an asterisk (*). If, when you encounter the asterisk,
detailed knowledge of the word’s meaning seems necessary to
you, you can go to the Glossary definition. If you are reading a
section for the first time, however, you will probably decide that
you don’t wish to be distracted by detail and choose to continue
reading.

Detailed understanding of all terms used in this manual will ul-
timately help maximize your ability to exploit the MINC
system’s very considerable resources. However, the system lets
you accomplish a great deal long before you have achieved such
understanding. This system attribute, in fact, lies at the heart of
the MINC design. It doesn’t hurt to be an expert, but you don’t
have to be one to do a large amount of constructive work with the
system.

Record Keeping Aids. Part 2 contains a section (Mapping
Data Transfer Connections) designed to assist you in the essen-
tial act of keeping records of what is connected to what in the
applications you implement with MINC. You will soon discover
that, as you develop more complex applications, clear and pre-
cise connection records are not only convenient, they are impera-
tive.

xiv
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CHAPTER 1

THE MINC DATA TRANSFER

Each MINC laboratory module (see Figure 1) consists of a
metal-encased printed-circuit board with attached front panel
and data transfer connector fingers along the top. These mod-
ules plug into a special MINC chassis which houses a power sup-
ply and a connector network. At the right end of the chassis, the
connectors of this network accommodate processor-related
modules not accessible to the user. Connectors in the central por-
tion of the chassis accept up to eight MINC laboratory modules
and are wired to make appropriate communications links with
the processor when you plug a module into the chassis. The wir-
ing also provides connections that permit modules to communi-
cate with one another. A module can generate asignal for itsown
use or for use by neighboring modules. It can also use a signal
originating in a neighboring module and pass it on to the next
module or block further transmission. The result is an intercon-
nection network defined by the particular modules plugged into
the chassis at any given time.

The interconnections described above permit any given MINC
module to communicate with its neighbor when plugged into
any of the eight available chassis slots. However, placement of
certain modules with respect to one another is restricted by a
keying arrangement on the module front panels that prevents
modules from being installed in ways that might cause compo-
nent damage. In general, the analog-to-digital (A/D) converter,
wherever it is located, becomes the focal point of most of the in-
terconnection lines. These lines require that the dual multiplex-
ers and preamplifiers be placed on the left of the A/D converter

SYSTEM
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MINC FUNCTION
DIAGRAMS

for analog channel expansion. The interconnection lines also re-
quire that the digital to-analog (D/A) converter and the digital
modules (clock, digital input, and digital output) be installed to
the right of the A/D converter. Any unused slots in a finished
configuration must occur to the left of the leftmost module; there
can be no empty module slots to the right of any module. See
Chapter 9, System Configuration Procedures, for more detail.

EXTERNAL
DEVICES

CONNECTOR
BLOCK

INPUT/OUTPUT
CONNECTOR FINGERS

MODULE
FUNCTION DIAGRAM

0
0 0 S ;3 ACCESS HOLES
000000 TO ADDRESS/
o) 00 g 8 VECTOR SWITCHES
0 0
CONTROL 09 S 80
KNOBS 80q0
00

1/0
CONNECTORS

J
|
{

MR-1457

Figure 1. MINC Laboratory Module (A/D Converter)

Each MINC module is provided with a top panel function dia-
gram that symbolically represents the module’s function and its
principal interconnection lines to other modules. When modules
are installed in the MINC chassis, these diagrams build a map of
system functions and communications paths (see Figure 2).

Figure 2 shows the map created by the function diagrams on a
typical system. Note that certain modules pass on signals that
originate in neighboring modules. The digital input, digital out-
put, and D/A converter, for example, pass clock signals to the
A/D converter — and the preamplifier and multiplexer modules
pass on signals from other modules situated to the left.
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MINC DEVICES

MINC CONNECTOR
BLOCKS

Except for the four single-ended channels accessed via the front-
panel connectors on the A/D converter module, all MINC lab
module connections can be made by means of the MINC connec-
tor blocks, illustrated in Figure 3.

TOP VIEW BOTTOM VIEW

OPTION DESIGNATION CODE

XO
oL &
1 I % :
7 IS
(’0 TERMINAL- 19 :
Q|| <«——iDeEnTIFYING \
QZ DECAL 19 WIRE HOLD-DOWN
d’j ! oA SCREWS (TURN
pk Ao CLOCKWISE TO
~— = TIGHTEN)
O T~ ! S
I~ INSULATION =
STRIPPED FROM \'%
/‘ LAST 1/4 INCH; 31
STRANDED WIRE '8
_/ SOLDER-TINNED 5 !
PART NO. X S
718 KEYED SLOT,
I UNIQUE TO MODULE
) TYPE WITH WHICH
~_ S CONNECTOR IS
~ ALY IDENTIFIED
:
I
~

MR-1460

Figure 3. MINC Connector Block

These connector blocks mate with the connector fingers accessi-
ble through the top of all MINC modules and permit up to 24
wires from external apparatus to be securely connected to those
fingers. Wires are secured initially by means of the hold-down
screws integral to the block. Once wires are installed, the con-
nector can quickly be plugged onto the module and equally
quickly replaced by a like connector associated with different
apparatus. Note that connectors not only carry an identifying
option designation code and a screw-terminal identifying label,
but also are mechanically keyed to prevent an A/D connector,
say, from being plugged onto a digital out or clock module. Con-
nector blocks are identified by option designation codes, which
are listed in Table 1. See Chapter 10, Connections to External
Apparatus, for information about using MINC connector
blocks.



Table 1. MINC Module Option Designation Codes

MINC DATA TRANSFER SYSTEM

Option Designation Code

MNCAD
MNCAG
MNCAM
MNCKW
MNCAA
MNCDI
MNCDO

Module

A/D converter
Preamplifier

Dual multiplexer
clock

D/A converter
Digital input unit
Digital output unit







CHAPTER 2

ANALOG-TO-DIGITAL

A/D conversions can involve up to four different kinds of MINC
modules: the A/D converter itself, the preamplifier, the dual
multiplexer, and the clock. These modules are referred toin this
manual as the A/D group.

MINC A/D functions are invoked by the following BASIC rou-
tines (see Book 6 for full details):

AIN Collect analog input data

AIN_HIST Generate frequency histogram using
analog input

AIN_SUM Sum data from multiple analog sweeps

SET_GAIN Set Preamplifier gain

TEST_GAIN Check current gain and operating mode of
A/D channel

The MINC A/D converter (see Figure 4) is a successive approx-
imation* type analog-to-digital converter that translates the in-
stantaneous value of a voltage applied to one of its inputs into a
12-bit binary value accessible to the system computer. The unit
uses a patented auto-zeroing* circuit that makes possible A/D
conversions of unusually high stability and accuracy. It can op-
erate in differential* and/or single-ended* mode and, through
its own multiplexer, can accept data on as many as 16 channels.
Assisted by MINC multiplexer modules, the A/D converter can
accommodate up to 64 input channels. The unit’s first four chan-
nels (0-3) receive their inputs via connectors on the front panel;

CONVERSION

APPLICABLE LAB
MODULE
ROUTINES

ANALOG-TO-
DIGITAL
CONVERTER
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the remaining inputs must be routed to the A/D connector block
(see Figures 4 and 5).

wncao | (R
DMA
O\~ -0
o4~ 0 poT -
-—O— N4~ BNC TEST

—CO— 4O

@

ey

POT

~ BNC TEST
T 9es
((((
INESESEN
L] INNER KNOBS:
) POTENTIOMETER CONTROLS
pOT (' OUTER KNOBS:
BNC TEST FUNCTION SELECTORS
3
BNC poT TEST
J
SE DIF
SINGLE-ENDED/ oM

DIFFERENTIAL MODE
INDICATOR LIGHTS

o

CHANNEL O TO 3 INPUT CONNECTORS
¢ (SELECTED WHEN CORRESPONDING

FUNCTION SELECTOR ISSET TO
“BNC")

N

w

© © © ©

| S—— MR-1461

Figure 4. MINC A/D Converter

Front Panel Controls. Four sets of dual concentric knobs on
the front panel provide control of three input conditions for each
channel from 0 through 3; knob 0 determines input to channel 0,
1to 1, and so on. The outer knob of each pair has three positions:

BNC: selects as A/D input whatever signal is
connected to the associated front-panel
8 connector.



POT: selects as A/D input an internally supplied
reference that can be varied between —5.12 V
and +5.12 V by the inner control knob.

TEST: selects as A/D input one of four test conditions,
depending on the channel involved:

Channel 0: input connected to ground
(0 volts)

Channel 1: input connected to an internally
supplied 4.5 V level

Channel 2: input connected to an internally
supplied -4.5 V level

Channel 3: input connected to an internally
generated triangular wave with
a frequency of approximately
9.5 Hz and an amplitude of
approximately +6 V.

These test signals provide definable input conditions that are
useful in confirming proper operation of the A/D Converter. See
Chapter 12.

Mode Indicators. The MINC A/D accommodates two groups
of inputs. The first group (lines 0-7, channels 0-7) always oper-
ates in single-ended* (s.e.) mode. You can set the second group
(by means of a ground connection to the s.e. terminal of the A/D
connector block) to operate as eight single-ended channels (lines
8-15, channels 8-15). If the s.e. connection is absent or if a pream-
plifier occupies an adjacent slot to the left of the A/D converter,
the second group operates as four differential* channels (lines
8-15, channels 8-11). The mode indicator lights on the front
panel visually identify which condition prevails for lines 8 to 15
at any time.

Expansion. The A/D converter is capable of supporting up to
64 single-ended or up to 56 differential and 8 single-ended input
channels. Expansion beyond the 12 or 16 channels supported by
the converter alone is accomplished by adding dual multiplexer
modules to the left of the A/D converter (see The MINC Dual
Multiplexer, below). The A/D communicates with and fully con-
trols the multiplexers via prewired system interconnections.

Preamplified Inputs. If you install a MINC preamplifier to the
immediate left of the A/D or to the left of an associated multi-
plexer, input signals can be amplified by either manually se-
lected or program-selected amounts. The preamplifier automat-
ically identifies itself to the A/D, and the A/D automatically sets
itself to differential operation for its second group of channels

A/D CONVERSION
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10

whenever a conversion through the preamplifier is involved. If
the preamplifier is to the immediate left of a multiplexer, the
multiplexer automatically sets itself to differential operation
for the affected group of channels. See The MINC Preamplifer,
below.

Initiation of A/D Conversions. The A/D can initiate conver-
sions immediately upon execution of a program statement, or in
response to an external signal (see Book 6).

Connector Block Labeling. Two of the 24 terminalson the A/D
connector block (15T and -15T) are test points that you can ig-
nore. The remaining 22 terminals provide input and ground
connections as defined in Figure 5. Note that certain terminals
have dual identity — one for single-ended operation and one for
differential operation. The terminal immediately above “ch 8,”
for example, is labeled “ch 12/rt8.” If single-ended operation is
selected (“8-15" s.e. connected to ground), this terminal is single-
ended channel 12. If single-ended operation is not selected
(“8-15" s.e. not connected to ground), this terminal is the dif-
ferential return line for channel 8. And so it goes for the remain-
ing dual-identity terminals on the A/D.

e

+15T 24 } FOR FIELD SERVICE TEST

-15T 23 PURPOSES ONLY.
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analoggnd 21
logic gnd 20 LOGIC GROUNDS
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ANALOG GROUNDS ih 1 15 g\lODED ggETROATION) GNDFORS
(SIGNAL RETURN LINES h 14/t 10 14
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analoggnd 8
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CAUTION: Voltage levels to

ext start and 8—15 s.e. must not
exceed -4 or +9 V.

MR-1462

Figure 5. MINC A/D Connector Block



The MINC preamplifier provides instrumentation-quality dif-
ferential* amplification or attenuation of signals on four input
channels (see Figure 6). It permits gain to be controlled either by
means of front panel knobs or by program argument, and it can
be set to respond to resistance (kilohms) or current (milliamps)

as well as voltage.

A 100 10 3

INNER KNOBS:
MODE SELECTORS
(V, mA, K Q)

OUTER KNOBS:

\. GAIN SELECTORS (GAIN IS SPECIFIED
AS FULL-SCALE RANGE OF UNITS
SELECTED BY MODE SELECTOR).
FULL CLOCKWISE POSITION SELECTS
Cc 100 10 PROGRAMMABLE GAIN CONDITION.

MR-1463

Figure 6. MINC Preamplifier

Front Panel Controls. The preamplifier front panel provides
one set of dual concentric controls for each of the four channels.
The inner knob in each set selects operating mode — voltage,
current, or resistance. The outer knob selects the range for the
chosen mode. Mode/range relationships are given in Table 2.

A/D CONVERSION

PREAMPLIFIER
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Table 2. Preamplifier Mode/Range Relationships

Mode Gain
500 50 5 0.5
Voltage  Setting £0.01 0.1 £1.0 10
Range (V) -0.01012to -0.1012 to -1.012 to -10.12 to
+0.01012 +0.012 +1.012 +10.12
Current Setting +0.01 £0.1 £1.0 +10
Range (mA) -0.01012t0 -0.1012to  -1.012to -10.12 to
+0.01012 +0.1012 +1.012 +10.12
Resistance Setting 0.1 1.0 10 100
Range (k) 0to0.1 0to 1.0 0to 10 0 to 100

The outer knob in each set is provided with a fifth position, P,
which sets the preamplifier to a mode that permits the program
to control gain. The knob must be in this position for the
SET_GAIN command to operate. See Book 6 for more details.

Configuration with A/D or Multiplexer. The preamplifier is
designed to communicate with an A/D converter or multiplexer
situated to its immediate right. All necessary interconnections
are made automatically when preamplifiers are installed in lo-
cations adjacent to dual multiplexers or A/Ds; no external con-
nections between modules are required. When a preamplifier is
installed to the immediate left of the A/D converter, the single-
ended mode selection jumper, if installed, is defeated, and the
preamplifier is automatically assigned to the differential four-
channel group involving channels 8 through 11 (see Figure 7).
Since the preamplifier now occupies channels 8-11, you can no
longer use lines 8-15 on the A/D connector block. Doing so will
interfere with proper transmission of preamplifier signals and
may damage the equipment involved.

When a preamplifier is installed to the immediate left of a dual
multiplexer, the preamplifier is assigned to the differential
four-channel group involving multiplexer A, channels a
through d. If two preamplifiers are so installed, they are as-
signed to the two contiguous differential four-channel groups
provided by multiplexer A and multiplexer B (see Figure 8).
Note that you cannot use dual multiplexer connector block lines
Aa to Ah when one preamplifier is installed to the immediate
left of a dual multiplexer. When two preamplifiers are installed
to the immediate left of a dual multiplexer, you can use none of
that multiplexer’s connector block lines.

Channel codes and dual multiplexer/preamplifier configura-
tion are further discussed under The MINC Dual Multiplexer,
below.
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Figure 7. Signal Routing — Preamplifier to A/D
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Figure 8. Signal Routing — Preamplifier to Multiplexer

A/D CONVERSION

13



MINC DEVICES

DUAL
MULTIPLEXER

14

When a Preamplifier Is Required. The most obvious situation
requiring a preamplifier is that in which output from a moni-
tored instrument is too low for adequate resolution by the A/D
converter. The A/D responds to levelsaslow as 2.5 mV, but since
it measures in 2.5 mV increments, input levels must be at least
50 or 100 mV if these quantum steps are not to introduce signifi-
cant measurement errors. See Glossary, “Quantizing error.”

Other situations requiring a preamplifier might include the fol-
lowing:

Changes in resistance or current (as from a temperature
sensor, strain gauge, or photo-resistor) must be measured
and input to the computer for storage or manipulation.

Output from a monitored instrument exceeds the =5 V
range of the A/D and must be attenuated.

Output from a monitored instrument fluctuates widely and
requires automatic gain setting (see SET_GAIN command
in Book 6).

Common mode* rejection of the unpreamplified A/D con-
verter is inadequate for the requirements of the applica-
tion. In differential mode, A/D rejection of noise common to
both differential inputs is very high for frequencies ap-
proaching DC, but diminishes as the frequency of that noise
increases. The common-mode rejection of the preamplifier,
however, is very high at all frequencies. (See Chapter 8 for
further information.)

Connector Block Labeling. The MINC preamplifier connector
block accommodates instrument connections as defined in Fig-
ure 9.

The MINC dual multiplexer (see Figure 10) consists of two
multiplexers, A and B, each of which permits transfer of a
program-selected analog signal on any of eight single-ended or
four differential channels to a single transfer line on the MINC
chassis connectors. From this point the selected signal travels
via the chassis connector wiring and any intervening preampli-
fiers and multiplexers to the MINC A/D converter installed to
the right. Each of the two multiplexers can be independently
configured to operate as four differential* or eight single-
ended* channels.

Front Panel Indicators. The dual multiplexer front panel con-
tains 20 monitor lights that indicate which channel is currently
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selected and which mode (single-ended or differential) the chan-
nel is set to.

{ INTROUT 24
/ HOLD INPUTS (POSITIVE-GOING TTL

logicgnd 23 SIGNAL EDGE AT ANY OR ALL OF

holdchd 22 THESE INPUTS CAUSES THE PRESENT
TEST TERMINALS holdchc 21 VALUE OF THE SIGNAL ON THE
(FOR DIGITAL FIELD holdchb 20 ASSOCIATED CHANNEL TO BE HELD
SERVICE ONLY) holdcha 19 FOR CONVERSION.) PERMITS

logicgnd 18 SIMULTANEOUS SAMPLING OF

analoggnd 17 MULTIPLE CHANNELS.

+15T 16
-15T 15
RTEST- 14
R Test+ 13 <
analoggnd 12
chd- 11
chd+ 10
analog gnd 9
chc- 8
chet 7 > ANALOG INPUTS (ALWAYS DIFFERENTIAL)
analog gnd 6
chb - 5
chb+ 4
analog gnd 3
cha- 2
cha+ 1

_ﬂ_f\/ CAUTION: Input levels to hold
terminals must not exceed -4 or +9 V.

MR-1466

Figure 9. MINC Preamplifier Connector Block

Configuration with A/D and Preamplifier. The dual multi-
plexer is designed to communicate with an A/D converter situ-
ated on its right, and with one or two preamplifiers situated on
its immediate left. Both multiplexers and preamplifiers are de-
signed to relay signals to the A/D converter from other multi-
plexers situated to the left. The result is that an A/D converter
can be expanded to accommodate up to 64 single-ended or up to
56 differential plus 8 single-ended channels. Maximum expan-
sions are illustrated in Figures 11, 12, and 13. Table 3 indicates
the number of dual multiplexers required for any combination
of single-ended and differential inputs.

When Multiplexers Are Required. A dual multiplexer is neces-
sary whenever more A/D input channels are required than can
be connected to the A/D converter alone. Remember that, al-
though both the A/D converter and the multiplexer accommo-
date 16 input lines, the A/D requires that eight of these lines 15
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(channels 0-7) always be single-ended. This means that only four
differential channels can be accommodated on the lines that re-
main. Each dual multiplexer, however, can be configured when
necessary to accommodate eight differential channels as well as
four differential and eight single-ended. Note that MINC as-
signs channel numbers above 11 or 15 to inputs to dual multi-
plexers. This means that all inputs to the A/D connector block
and front panel are available for connection to external signals
even though one or more fully loaded multiplexers are installed
in the system.

MNCAM dual mux 3-
O_: 3 A mux SINGLE-ENDED/DIFFERENTIAL
[ - A 7 INDICATOR LIGHTS FOR LOW
—0— - SE/ DIF CHANNEL GROUP.
- -0
O — -
b — A . - E
L oo B
— OO cl H- LOW CHANNEL SELECTION
> INDICATORS. (LIGHT WHEN
( ASSOCIATED CHANNEL
clH B IS SELECTED.)
ol M+ |
Bmux SINGLE-ENDED/DIFFERENTIAL
INDICATOR LIGHTS FOR HIGH
ﬁ / D.IF; CHANNEL GROUP.
AR M- W
el HW- HIGH CHANNEL SELECTION
INDICATORS. (LIGHT WHEN
ASSOCIATED CHANNEL
3 BN K IS SELECTED.)
ol @ )
-—

MR-1467

16 Figure 10. The MINC Dual Multiplexer



A/D CONNECTOR BLOCK LINES 8-15
(CHANNELS 8-15)
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L1
— M S "
CHANNELS 56-63"* CHANNELS 40-47** CHANNELS 24-31** FRONT PANEL

CHANNELS 0-3

*MUX CONNECTOR
BLOCK LINES Aa—Ah
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e}
O CONNECTOR BLOCK
O TERMINALS

Q

- INTERNAL INTERCONNECTIONS

~—
__.  MULTIPLEXER SWITCHES

DMA INTERNAL CONNECTION

FOR FUTURE ACCESSORY
MR-1468

Figure 11. Maximum Expansion of Single-Ended A/D
Channels

Connector Block Labeling. The multiplexer connector block
accommodates 24 input, control, and ground connections to the
multiplexer module. These connections are defined in Figure
14.

Channel identification on the multiplexer connector block, un-
like that on the A/D connector block, is symbolic rather than lit-
eral. The reason is that the A/D connector block is always in-
volved with the lowest 12 or 16 channels associated with any
given MINC system, and numerical channel identification is
therefore definable. The dual multiplexer, however, may be one
of as many as seven such units on a system, and the numerical
identity of its channels depends on how many channels have
been accommodated by multiplexers and the A/D converter to
its right. Here as elsewhere you will need to maintain accurate
records of interface connections. See Chapter 10, Connections to
External Apparatus.

NOTE

Channel identification by the A/D converter is dy-
namic and automatically takes into account whether

A/D CONVERSION
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or not channel groups are set for single-ended or dif-
ferential operating mode. This means that if operating
mode is changed for a low group of channels, the num-
bers of all channels above that group are automatically
changed to accommodate the fact that four channels
have in effect been inserted or withdrawn at the lower

end.
[0 T~
logicgnd 24 B CHANNELS: SINGLE-ENDED CONTROL
Bahse 23 |—— (PRODUCES SINGLE-ENDED MODE WHEN
-15T 22 CONNECTED TO LOGIC GROUND)
analoggnd 21
( Behh/rtd 20 | )
Bchd 19
Bchg/rtc 18
SINGLE-ENDED Behe 17 \ DIFFERENTIAL
CHANNELS Ba—Bh Bchf/rtb 16 CHANNELS Ba-Bd
Bchb 15
Bche/rta 14
L Bcha 13 )
logicgnd 12 A CHANNELS: SINGLE-ENDED CONTROL
Aahse 11 |—— (PRODUCES SINGLE-ENDED MODE WHEN
+15T 10 CONNECTED TO LOGIC GROUND)
analoggnd 9
Achhirtd 8 | )
Achd 7
Achg/rtc 6
SINGLE-ENDED Achc 5 \ DIFFERENTIAL
CHANNELS Aa—Ah Achf/rtb 4 CHANNELS Aa-Ad
Achb 3
Ache/rta 2
Acha 1 | ]
NOTE: -15T and +15T
terminals for field
service test purposes _rLr\/ CAUTION: Input levels to s.e. terminals
only. must not exceed -4 or +9 V.

MR-1471

Figure 14. Dual Multiplexer Connector Block Labeling

Assume, for example, that a system with 1 A/D and 1
multiplexer is configured to accommodate 8 single-
ended channels (0-7) and 12 differential channels (8-
19). Any program requesting conversions on the high-
est channel in the group would contain an argument
specifying channel 19.

If channels 8-11 (on the A/D converter) were now to be
converted to single-ended mode, they would thereby
become channels 8-15. This change would automati-
cally cause the 8 differential channels associated with
the multiplexer to be assigned identification numbers
from 16 to 23. If the program arguments were not al-

A/D CONVERSION
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tered to accommodate these changes, all references to
channels with numbers above 11 would be in error,
and a call for a conversion on channel 19 would select
the input previously associated with channel 15.

The simplest way of avoiding this confusion, and of
precluding the need to rewrite large numbers of A/D
statements, is to locate all analog inputs whose mode is
subject to change at the high end of the channel se-
quence. If no channels exist that are higher than those
whose mode has changed, then program arguments
need be changed only for the changed channels. See
also Random Channel Mode in Book 6.

To execute A/D conversions, not only must you identify appro-
priate channels and gain conditions, but you must also deter-
mine when and how often conversions are to occur. Lab module
routines like AIN and AIN_SUM (see Book 6) provide argu-
ments that permit you to designate what events will be used to
specify these conditions. Some of those arguments involve using
the clock (see Chapter 3, Time Interval Control and Sampling),
either as a time-base generator communicating with the A/D
via the clock overflow line, or as a transducer of external events
communicating with the A/D via Schmitt trigger 1.

Configuration with A/D Converter. Thesignal transfer paths
of the module interconnection system permit a clock to com-
municate with an A/D converter anywhere to its left as long as
no second clock and no A/D-group module intervenes. The D/A
converter, the digital output, and the digital input all pass the
clock signals to the left without intervention (see Figure 2).

Connecting Grounded Apparatus. Ifthe apparatus providing
A/D input is grounded (that’is, if its return terminal is con-
nected to power line ground so that signal current can return
thereby to the MINC System ground), make connections as illus-
trated in Figures 15 and 16. These figures show connections to
the A/D connector block, but the principles illustrated apply
equally well to preamplifier and multiplexer connections.

NOTE

It is good practice to label both ends of your lab module
cables in a way similar to that suggested in the connec-



tion figures — that is, identifying at each end what is
connected to the other. This facilitates confirmation of

connections when installations grow complex.

logic gnd 18
8—-156s.e. 17

ch8 9

ch6 5§

I
|
I
|
|
I
|
I
|
I
I
|
|
|
|
I
I
|
|
I

\/\/\/ SHIELD CON-

NECTED AT

MINC CHASSIS

(GROUNDED BY
POWER PLUG)

I_—___—‘:__T
© ©

GROUNDED
DEVICES

SHIELD CON-
NECTED AT

SOURCE END
ONLY.

MR-1512

Figure 15. Single-Ended* Connections to MINC A/D Group

from Grounded Sources

Connecting Floating Devices to the A/D Group.

If the input

device is floating (that is, if its return terminal is electrically iso-
lated from power line ground as will be the case with most
battery-operated, optically isolated, or transformer-coupled de-
vices), make connections as illustrated in Figure 17. These fig-
ures show connections to the A/D connector block, but the prin-
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ciples illustrated apply equally well to preamplifier and multi-
plexer connections. Note that the A/D requires a ground refer-
ence connection, even when operating in differential mode. Note
also that there is no advantage to operating in differential mode
when the signal source is floating.

Single-ended Selection Straps. You can set channels 8-15 of
the A/D converter and both sections of the dual multiplexer to

SHIELD CONNECTED
TO GROUND AT
EXTERNAL DEVICE
A END ONLY. B
+ é
GROUNDED
DEVICES

18

ch15.rt 11 16

ch 11 15 ¢

12 b

ch12rt8 10
ch8 9}

A.D GROUP CONNECTOR BLOCK

Rt S

MINC CHASSIS
(GROUNDED BY POWER PLUG)
MR.1513

Figure 16. Differential* Connections to MINC A/D Group
24 from Grounded Sources



operate in single-ended mode by installing connector block
jumpers as illustrated in Figure 18.

Note that when you insert a preamplifier into a slot that com-
municates with a selected group of channels you cancel the ef-
fect of the single-ended selector straps. The preamplifier’s pres-
ence is sensed by the A/D or multiplexer and conversions on the
affected channels are made in differential mode whether or not
the related single-ended strap is installed.

FLOATING

I_ ————————— “I DEVICES

analog gnd

jogicgnd 18 &
8—15s.e.

ch8
analog gnd

analog gnd
ch b

MINC CHASSIS
(GROUNDED BY POWER PLUG)

NOTE
SHIELD AND RETURN LINE
CONNECTED AT A/D END ONLY.

MR-15614

Figure 17. Single-Ended Connections to MINC A/D Group
from Floating Sources

Input Selection (Channels 0-3). Input to channels 0-3 of the
A/D is controlled by the larger of the two concentric knobs asso-
ciated with each channel. To select signals connected to the asso-
ciated front panel terminal set, the larger knob to the BNC posi-

A/D CONVERSION
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tion. To select an internally generated DC voltage that can be
varied throughout the A/D converter’s range by the smaller in-
ner knob, set the larger knob to POT. The TEST position selects
a test input that is different for each of the first four channels.
See the description at the beginning of this chapter.

logicgnd 18

8-15s.c. 17 §

logicgnd 12 B
Aa-hse. 11§

DUAL MULTIPLEXER A/D CONVERTER
CONNECTOR BLOCK CONNECTOR BLOCK

MR-1472

Figure 18. Single-Ended Selector Straps

Control settings and connections necessary to support A/D con-
versions in the MINC system are a function both of the program
routines selected to implement the conversions and of the spe-
cific argument values chosen. Table 4 lists the routines that in-
volve the A/D group and identifies those arguments that require
specific front panel control settings or connector block connec-
tions. See Book 6 for a full discussion of the listed routines.
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Table 4. Connections and Control Settings for
A/D Conversion Routines

Routine

AIN
(Collect
Analog Data)

Argument

mode ST2

mode X

A/D-channel

Supporting User Action

Connect desired device to clock ST2
input and select appropriate slope and
trigger conditions.

Connect external frequency source to
clock ST1 and select appropriate slope
and trigger conditions.

Insure that all specified analog input
channels are connected and that preamp
gain/mode switches are properly set.

rate=0 Connect sampling trigger line to A/D

ext start.
AIN_HIST
(Analog
Histogram)

A/D-channel Insure that the specified analog input
channels are connected and the Preamp
gain and mode switches are set as
desired.

SET_GAIN gain-code, Insure that each channel specified

A/D-channel is input to a preamplifier, and that the
associated gain control is set as desired.

AIN_SUM A/D
(Accumulate Connect apparatus specifying

Analog Sweeps)

Mode=EXTERNAL

rate=0

A/D-channel

start of sweep to clock ST2 input.

Connect frequency source to clock ST1
input and select desired slope and
trigger conditions.

Connect apparatus providing sampling
trigger to clock ST1 input or to ext start
input of A/D.

Insure that each channel specified is
input to a preamplifier, that the
associated gain control is set to “P”, and
that the mode control is set as desired.
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CHAPTER 3

TIME INTERVAL CONTROL
AND SAMPLING

Many MINC control programs require time interval measure-
ment and use one or another of two time-oriented mechanisms in
the system. One of these is the system clock, which is present on
all MINC systems and permits the computer to count line volt-
age cycles. Since power companies control line frequency with
considerable precision, the system clock provides a precise time-
base for some of the MINC routines. The SCHEDULE, PAUSE,
and CIN routines use the system clock (see Book 6.)

All other time-dependent functions allowed by MINC program
routines require one or two clock modules. These functions in-
clude not only the explicit elapsed-time and time-stamping rou-
tines (DIN, START_TIME, GET_TIME), but also those rou-
tines whose arguments specify sampling rate control, delays, or
external timebase connections (for example, AIN, AOUT, DIN,
DOUT, SCHMITT).

NOTE

If a system contains two clocks (clock 0 and clock 1),
clock 0 must be to the left of clock 1. In such cases,
clock-controlled data transfers and the SCHMITT
routine use clock 0. The elapsed-time and time-
stamping routines use clock 1. Clock 0 can be located
anywhere to the left of clock 1 as long as it is not to the
left of the A/D converter. Equipping a system with two
clock modules permits simultaneous time measure-
ment and clock- or Schmitt trigger-controlled data
transfers. When a system contains only one clock, it is

MINC TIME-
KEEPING MODES
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defined as clock 0 and requires that time-stamping
and any routine invoking rate/delay parameters not be
executed simultaneously. See Chapter 9 for informa-
tion on configuring the second clock in a system.

MNCKW m
DMA
st1
e TTL VAR ST MODE SELECTOR
COUNTER IN ouT IN OR OUT
() (TTL OR VARIABLE);

ROTATE FOR VARIABLE

CLK OV THRESHOLD CONTROL
. IN +
ST10UT st1jeo D
st2 0 ouT -
4 SLOPE
st2 VAR | SLOPE SELECTOR
IN out (IN: +; OUT =)

| BNC CONNECTORS
(ST 1 AND 2 IN AND OUT)

BNC CONNECTOR

(FOR ROUTING CLOCK
OVERFLOW SIGNAL TO
EXTERNAL DEVICES)

OVERFLOW

)
Figure 19. The MINC Clock
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The MINC clock (see Figure 19) is a programmable counter that
can be driven by a variety of events occurring either inside or
outside the MINC system. Internal to the unit is a crystal-
controlled oscillator that provides signals at 1 MHz, 100 kHz, 10
kHz, 1 kHz, and 100 Hz. The MINC routines select an appropri-
ate frequency from among these to drive the counter. Also
available as counter-drivers are the power line frequency and an



external input (ST1) that can accept regular or irregular rate
signals. You can specify the line frequency and ST 1 inputs with
lab module routine arguments (see Book 6).

Although for ease of use, the lab module routines conceal what
actually happens from the user, these routines make use of the
following attributes of the counter: 1) it can be read by the com-
puter at any time; 2) it can be preset to any value within its
range; and 3) it can signal the computer when it reaches its max-
imum count (overflows). The result is that under the control of
the lab module routines, the computer/counter combination can
identify the fact that any predetermined number of events has
occurred. If these events have time significance, as in the case of
the internally generated or power line frequencies, the unit be-
comes a clock. If the events do not have time significance — asin
the case, say, of an organism response — the unit becomes an
event totalizer or a predetermined counter.
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LEVEL (A,
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U U
—f

—»| |e—s00Ns 500 NS
NOTE: NEGATIVE-GOING THRESHOLD
ST IS RETRIGGERED ONLY AFTER INPUT WAVE- (= 0.5V BELOW
FORM HAS MOVED BEYOND NEGATIVE THRESH- POSITIVE-GOING THRESHOLD)

OLD AND THEN AGAIN PASSED SELECTED
POSITIVE THRESHOLD.

(A} SCHMITT TRIGGER OPERATION IN VARIABLE MODE {SLOPE SWITCH +)

POSITIVE-GOING THRESHOLD
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TRIGGER — — —/— — \— —— — “HYSTERESIS
LEVEL —_——— =

OUTPUT U ] [

NOTE:

ST IS RETRIGGERED ONLY AFTER INPUT WAVE-
FORM HAS MOVED BEYOND POSITIVE THRESH-
OLD AND THEN AGAIN PASSED SELECTED
NEGATIVE THRESHOLD.

{B) SCHMITT TRIGGER OPERATION IN VARIABLE MODE (SLOPE SWITCH -)
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Figure 20. Schmitt Trigger Operation
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Schmitt Triggers. The clock module provides two Schmitt
triggers (ST1 and ST2), which can work interactively with or in-
dependently of the clock itself. When arguments involve Sch-
mitt trigger 1, both the SCHMITT and AIN routines can count
Schmitt trigger operations and initiate actions when selected
criteria have been met (see Book 6). Broadly defined, Schmitt
triggers function to convert analog signals into digital signals —
not by creating a digital equivalent of the analog value, as does
the A/D converter, but by outputting a single negative-going
digital pulse (TTL* compatible) when a threshold value has
been reached, as illustrated in Figure 20.

When the Schmitt trigger mode selector is set to VAR (variable
mode), both the trigger threshold and the slope can be specified
by front panel controls (see Figure 20). That is, each Schmitt
trigger can be set to fire at a selected voltage point (controlled by
the variable threshold knob) on either the positive-going or the
negative-going slope of the waveform (controlled by the slope se-
lector). In TTL mode (mode selector set to TTL), the trigger
threshold is set automatically to a voltage point appropriate to
integrated circuit logic levels and the SLOPE control deter-
mines whether firing will occur in response to a positive- or
negative-going signal edge. Electrically, the only difference be-
tween Variable and TTL modes is that in the latter mode the
threshold is fixed. See Figure 21.

5V |
STINPUT 0| |
i |
s !
sToutPuT 2 U 'J
OVF ] Je—s00Ns —»] |&—500 NS
(A) “SLOPE” SWITCH +
+5V |-
STINPUT | | |
|
+5 V|- | :
ST OUTPUT “ U
ovEk

—»| f«—500 NS ~| j&—500 NS

(B) “SLOPE"” SWITCH —
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Figure 21. Schmitt Trigger Operation in TTL Mode

The MINC Clock Connector Block. Of the 20 connector block
terminals, only terminals 1 to 8 are relevant for program control
connections. The remaining terminals may be useful in complex
applications, but no MINC routines either require or use them.



CAUTION

Alternate (and parallel) Schmitt trigger input and
output terminals are provided both on the clock front
panel and on the connector block. When connecting ex-
ternal apparatus to Schmitt trigger inputs or outputs,
confirm that no connections have already been made
on the alternate terminals. Failure to do so may result
in damage to the external apparatus.

0 T~
logicgnd 20 )
100 HZ 19
logicgnd 18
1 KHZ 17 INTERNAL CLOCK FREQUENCY OUTPUTS
logicgnd 16 (TTL-COMPATIBLE; ALL OUTPUTS
10KHZ 15 " SIMULTANEOUSLY AVAILABLE IN ALL
logicgnd 14 CLOCK MODES)
100 KHZ 13
logicgnd 12
1MHZ 11
logicgnd 10 |
overflow 9 | —— CLOCK OVERFLOW OUTPUT
logic gnd 8
st 2 out 7 b
logic gnd 6
st2in 5 SCHMITT TRIGGERS 1 AND 2 (ALSO
logicgnd 4 > AVAILABLE FROM FRONT PANEL
stlout 3 TERMINALS)
logic gnd 2
st 1in 1 )
_n_f/ CAUTION: Input levels to ST1 and
ST2 must not exceed + 30 V.

MR-1476

Figure 22. MINC Clock Connector Block

Control Settings and Connections. Most MINC routines use
the clock in combination with other lab modules to control data
transfer rates. The elapsed time routines, however,
(START_TIME and GET_TIME) use the clock by itself to pro-
vide ongoing time-keeping capability with programmable reso-
lution. No user connections are required for the elapsed time
routines. The other lab module routines require connections to
the clock only when the routine arguments invoke one or both of
the clock’s Schmitt triggers. Connections from external appa-
ratus to Schmitt trigger inputs are made as illustrated in Fig-
ure 23.

TIMING
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Figure 23. MINC Clock — ST1 and ST2 Connections and
Control

Tables 5 and 6 list the routines that can use clock Schmitt trig-
gers and identify those arguments that require specific front-
panel control settings or connector block connections. See Book 6
for a full discussion of the listed routines.

CAUTION

The clock Schmitt triggers can generate outputs in re-
sponse to electrical noise when no device is connected
to the input. To avoid such spurious responses from un-
used Schmitt triggers, set the mode selector to VAR



TIMING

and turn the associated potentiometer to either of its

extreme settings.

Table 5. Connections and Control Settings for MINC Clock
Routines

Routine Argument
AIN mode=ST2
(Collect

Analog Data)
mode=EXTERNAL

rate=0

Action Required

Connect external signal source

to clock ST2 input and select

desired slope and threshold conditions.
Connect external timebase source to
clock ST1 input and select desired slope
and threshold conditions.

Conneect apparatus providing sampling
trigger to clock ST1 input or to A/D ext
start input.

AIN_HIST Connect apparatus providing
(Analog sampling trigger to clock ST1
Histogram) input or to A/D ext start input.
AIN_SUM mode=EXTERNAL Connect external timebase
(Accumulate source to ST1 input and select

Analog Sweeps)

desired slope and threshold conditions.

rate=0 Connect apparatus providing sampling
trigger to clock ST1 input or to A/D ext
start input.
AOUT mode=ST?2 Connect external start signal
(Send Analog source to clock ST2 input and
Data) select desired slope and threshold
conditions.
mode=EXTERNAL Connect external timebase source to
clock ST1 input and select desired slope
and threshold conditions.
DOUT mode=ST2 Connect external start signal to
(Send Digital clock ST2 input and select desired
Output) slope and threshold conditions.
mode=EXTERNAL Connect external timebase source to ST1
and select desired slope and threshold
conditions.
rate=0 Connect external apparatus reply line to
DO reply terminal.
PST_HIST Connect source producing a
(Generate Post- signal at stimulus time to elock
Stimulus ST1; connect source producing a signal
Histogram) at response time to clock ST2. Set slope
and threshold conditions as appropriate.
SCHMITT trigger=1 Connect source of signals that
(Respond to must elicit program responses to
Schmitt Trigger ST1 input and select desired slope
Input) and threshold conditions.
trigger=2 Connect external start signal to clock
ST2 input and select desired slope and
threshold conditions.
TIME_HIST Connect source of signals whose
(Generate Time intervals are to be measured to clock
Interval ST2 input and select desired slope

Histogram)
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DIN
(Collect
Digital Input)

mode=EXTERNAL

mode=ST2

rate=0

Connect external timebase source

to clock ST1 input and select

desired slope and threshold conditions.
Connect external signal source to clock
ST2 input and select desired slope and
threshold conditions.

Connect external apparatus generating
sampling trigger to DI strobe (HB or LB
STRB) terminal. For independent event
sampling connect apparatus to D00
through D15.

START_TIME
(Start Elapsed
Time Counter)

mode=EXTERNAL

mode=ST?2

Connect external timebase source

to clock ST1 input and select

desired slope and threshold conditions.
Connect external start signal to elock
ST2 input and select desired slope and
threshold conditions.

Table 6. Connections and Control Settings for Timestamping
and Elapsed Time Routines

Routine
DIN

Argument

Action Required

mode=TIMESTAMP Insure either that Clock 1 is installed in

mode=ST2

mode=EXTERNAL

addition to Clock 0 or that no other
routine invokes Clock 0 while DIN is
executing.

(See Note) Connect drive specifying DIN
start to ST1 input and select desired
slope and threshold conditions. (If mode
ST2 and TIMESTAMP are invoked in
the same routine, Clock 1 must be
installed.)

Connect external frequency source to
ST1 input and select desired slope and
threshold conditions. (If EXTERNAL
mode and TIMESTAMP are invoked in
the same routine, Clock 1 must be
installed.)

START_TIME
GET_TIME

Insure either that Clock 1 is
installed or that no other routine invokes
Clock 0 during execution of
timestamping command(s).

Note: The timestamp clock/elapsed time counter functions only in programmed
mode; it will be stopped upon entry into immediate mode, and an error mes-
sage will indicate that it has been running.
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CHAPTER 4

DIGITAL-TO-ANALOG

Applicable program command:

AOUT (Send Analog Data)

See Book 6 for complete description.

The MINC digital-to-analog (D/A) converter (see Figure 24) is a
module housing four independent D/A converters (DACs), each
of which is defined as a channel by the AOUT routine. The mod-
ule receives numeric values from a program, preserves them in
holding registers for each channel, and converts them to equiva-
lent voltages at the associated output terminals. These voltages
are sustained without further user involvement until new values
arrive for those channels. The four DACs in the module accept
data from the system via internal 12-bit binary registers. All
DACs are therefore capable of a resolution of one part in 4096.
Each DAC is provided with mode/range controls that permit
user selection of unipolar* or bipolar* operation with a variety of
output ranges (see D/A Input/Output Relationships, below).

All four DACs on each module are identical except for DAC 3,
which routes the 4 least significant bits of its binary-encoded
holding register to 8 user-accessible output terminals (4 nor-
mal and 4 inverted), as well as to the DAC 3 digital-to-analog
converter circuit (see Figure 25). The result is that you can spec-
ify digital data to DAC 3 that will not only produce the desired
analog output voltage but will also provide such control infor-
mation as intensify (to storage oscilloscopes) or raise pen (to X-Y
plotters). Forcing these bits to values other than those required

CONVERSION

DIGITAL-TO-ANALOG
CONVERTER
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by the conversion will affect conversion accuracy. However,
these are the least significant four bits in the 12-bit data word
that specifies the analog output voltage. They can therefore af-
fect the DAC 3 output by less than 1% of its full-scale range.

MNCAA
DMA
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Ho—0

ol j{:}_g *

CNTL 8

I

0-5 0-10
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OUTPUT VOLTAGE RANGE SELECTOR
(256 TO 10V BIPOLAR; 0 TO5,0TO 10
r UNIPOLAR)

OUTER KNOB:
BIPOLAR (¥)/UNIPOLAR (+) SELECTOR
2 0-5 0-10

0-5 0-10
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Figure 24. The MINC D/A Converter

D /A Input/Output Relationships. Two concentric knobs (see
Figure 24) associated with each of the four channels on the
MINC D/A converter permit you to select mode and range.
Mode settings are unipolar (+) and bipolar (+); range settings
are as follows:

Unipolar: 0-5 (0 to +5.11875 Volts)
0-10 (0 to +10.2375 Volts)



Bipolar: F2.5 (—2.56 to +2.55875 Volts)
F5(-5.12 to +5.1175 Volts)
¥10 (-10.24 to +10.235 Volts)

HOLDING D/A
INTERFACE TO REGISTER CONVERTER
PROCESSOR (DAC 3) (DAC 3)

11 11

10 10

9 9

8 8

7 7

6 6

5 5

4 4

3 3

2 2

1 1

0 0

[—————OBITOH
OBIT1H

OBIT2H
—oBIT3H

—(1>—OB|T0L
»—q>—oB|T1L
—q>—oB|T2|_
—(b—oBIT3L
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Figure 25. Channel 3 Control Bit Outputs

The AOUT routine (see Book 6) allows data in the range of -2048
to 2047. Because the condition of the control switches is not
sensed by the system, itisup to you to set switches in a way that is
consistent with your input data on the one hand and the device
that receives the analog output voltage on the other. The rela-
tionship between data values made available to AOUT and volt-
ages actually output is illustrated in Table 7.

Minimum Voltage Increments. If we exclude 0, the total num-
ber of distinct AOUT data values is 4095 (-2048 to 2047). This is
so because 4095 is the largest number that can be represented by
the 12-bit binary circuits that perform the conversions. Since
these are integer values, the smallest change we can make on
any DAC output voltage is that created by adding or subtracting

D/A CONVERSION
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1 from the data value which generated that voltage. Conversely,
the way to calculate what output voltage a DAC will produce in
response to a given data value is to multiply the data value by the
value of the smallest change, or minimum voltage increment.

Table 7. MINC D/A Data/Voltage Relationships

Input Value OUTPUT (Bipolar) OUTPUT (Unipolar)
+2.56V £5.12V -10.2,V 0Vito +5.12V  0Vito +10.24V
-2048 -2.56 -5.12 -10.24 +0.0 +0.0
-2047 -2.55875  -5.1175 -10.235 +0.00125 +0.025
-0001 -0.00125  -0.0025 - 0.005 +2.55875 +5.1175
0000 -0.0 -0.0 - 0.0 +2.56 +5.12
+0001 +0.00125  +0.0025 + 0.005 +2.56125 +5.1225

+2047 +2.55875  +5.1175 +10.235 +5.11875 +10.2375

Table 8 shows the minimum voltage increments associated with
all MINC D/A modes and ranges. Notice that multiplying these
values by -2048 and 2047 produces the full range values for bipo-
lar operation given in Table 7. Multiplying these values by 4095
produces the full range values for unipolar operation given in
Table 7.

Table 8. Minimum D/A Voltage Increments

Mode Range Minimum Increments
Unipolar 0-10 .0025V (2.6mV)
(+) 0-5 00125V (1.25mV)
Bipolar 10 .005V (5mV)
) 5 .0025V (2.5mV)
2.5 .00125V (1.25mV)

To derive a data value that will produce a desired voltage under
a given range condition, use one of the two equations below:

Unipolar: D= V/M - 2048
(PRINT V/M - 2048)
Bipolar: D=V/M
(PRINT V/M)

where D is an integer between -2048 and 2047, V is expressed
in volts, and M is the minimum increment (in volts) associated
with the selected range as given in Table 8.

Expansion. The MINC system supports up to four D/A con-
verter modules (16 channels), provided that the address and vec-
tor switches are configured as indicated on the label affixed to
the side of each module (see also Chapter 9, System Configura-
tion Procedures). If only one MINC D/A converter exists in a



system, it should be configured as unit 0. Subsequent units
should be configured sequentially up to 3. No omissions can be
tolerated in the sequence. If three D/A modules are configured
as units 0,2, and 3, the system will not be able to detect the pres-
ence of units 2 and 3. If two units are configured as units 1 and 2,
the system will permit no D/A conversion because it will detect
no D/A modules.

From the point of view of the AOUT routine, channels are num-
bered sequentially from 0 to 15 (maximum), channels 0-3 occu-
pying unit 0, 4-7 occupying unit 1, and so forth.

O \\
TEST TERMINALS +15T 24
(FOR DEC FIELD
SERVICE ONLY) { -1sT 23
BIT3L 22 h
BIT2L 21
logic gnd 20
BIT1L 19 f DAC 3 CONTROL BITS — LOW OUTPUTS
logicgnd 18
BITOL 17 J
logicgnd 16
BIT3H 15 h
logicgnd 14
BIT2H 13
logicgnd 12 > DAC 3 CONTROL BITS — HIGH OUTPUTS
BITTH 11
logicgnd 10
BITOH 9 )
analoggnd 8
DAC3 7 h
analoggnd 6
DAC2 5
analoggnd 4 F ANALOG OUTPUTS
DAC1 3
analoggnd 2
DACO 1 J

MR-1480

Figure 26. MINC D/A Connector Block

DAC 3 Resolution. The fourth DAC on each module (that is,
channels 3,7, 11, and 15 on systems with four D/A modules), pro-
vides user access to the four least significant bits of the holding
register as described above. If these bits are unused on channels
7,11, or 15, D/A conversions can be made with full accuracy. On
channel 3, however, bit 0 is regularly used by the AOUT routine
to specify intensify time to a possible oscilloscope. Its state is
therefore unpredictable even when you are using none of the
control bits on channel 3. This reduces the resolution of channel

D/A CONVERSION
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3 to two parts in 4096 rather than one in 4096. Note that the full-
scale accuracy of channel 3 is virtually unaffected by the inde-
terminate character of bit 0. Bit 0’s uncertainty adds 1 mini-
mum voltage increment (see Table 8) to the uncertainty of any
channel 3 conversion. This amounts to less than .025% of any full-
scale conversion.

Connector Block. The MINC D/A connector block, shown in
Figure 26, provides terminals for connecting external appa-
ratus to all four analog output channels (DAC 0 to DAC 3) and
their grounds (analog gnd). Note that terminals for bits 0 to 3
allow you to choose between a high logic level* when the bit in

GROUNDED
EXTERNAL
APPARATUS

CONNECT SHIELD
AT D/A END ONLY

analoggnd 8 ¥
DAC3 7

MR-1481

Figure 27. D/A Connections to a Grounded Device



question is set (“Bit n H”) and a low logic level when that bit is set
(“Bit n L”). This choice exists because some oscilloscopes and
plotters require a high logic level to execute such functions as
“intensify” and “raise pen,” while others require a low logic
level. Terminals 23 and 24 are test points for Digital Field Ser-
vice personnel.

Grounded Devices. If you connect the signal return terminal
of the device driven by the D/A converter to power line ground,
you should not connect that terminal to any of the MINC D/A
connector block grounds. Doing so may produce a ground loop
that will adversely affect D/A and A/D results (see Chapter 11).
Appropriate connections between D/A outputs and a grounded
device are illustrated in Figure 27.

FLOATING
EXTERNAL
APPARATUS

analoggnd 6 &
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Figure 28. D/A Connections to a Floating Device

D/A CONVERSION

D/A
CONNECTIONS TO
EXTERNAL
DEVICES
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Floating Devices. If the external device has no connection be-
tween its signal return terminal and power line ground, con-
nect the shield to ground at both ends. These connections are il-
lustrated in Figure 28.

Oscilloscopes and X-Y Plotters. Connect oscilloscopes as illus-
trated in Figures 29 and 30. Note that channel 3 automatically
asserts “Intensify” on bit 0 whenever a complete channel se-
quence has been output (see Book 6). This signal has a duration of
approximately 10 microseconds. Its generation rests on the as-
sumption that the D/A channel and number-of channel argu-

CONNECT SHIELD TO
LOGIC GND AT D/A
END ONLY IF SCOPE
CONTROL INPUTS ARE
FLOATING

MINC SYSTEM
CHASSIS
(GROUNDED BY
POWER PLUG)

SINGLE CONDUCTOR
COAX

analoggnd 4 B R

DAC1 3
analog gnd 2 B
DACO 1

THESE TWO LINES CAN BE CONNECTED
TOBITOLANDBIT 1 LIF SCOPE LOGIC
SO REQUIRES.

MR-1483

Figure 29. MINC D/A Connected to Scope with Differential X
and Y Inputs



ments have previously loaded some channels (say, 0 and 1) with
values appropriate to the scope X and Y axes. If bit0 of DAC 3 is
routed to the scope Z axis or Intensify input, the specified point
will be displayed.

MINC SYSTEM
CHASSIS
(GROUNDED BY
POWER PLUG)

SINGLE CONDUCTOR
COAX, SHIELD
CONNECTED AT
SCOPE END ONLY

THESE TWO LINES CAN BE CONNECTED TO
BIT O L AND BIT 1 L IF SCOPE LOGIC SO
REQUIRES.
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Figure 30. MINC D/A Connected to Scope with Grounded
Single-Ended Inputs

Bits 0 through 3 are designed to be used as follows:

Bit 0: Intensify. Momentarily set by AOUT whenever a full
sequence of output channels (as defined by the AOUT argu-
ments) has been processed. Signal consists of a pulse with a
duration of approximately 10 microseconds.

D/A CONVERSION
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Bit 1: Indicates that the display is to be erased. Set only
when the user outputs an analog value on channel 3 that in-
volves this bit.

Bit 2: Not currently assigned. Set by user’s analog value.

Bit 3: Pen up/down control. Set by user’s analog output
value.

Connect Plotters as illustrated in Figure 31.

X-Y PLOTTER
(GROUNDED, SINGLE-
ENDED INPUTS)

NOTE
IF PEN LIFT OPERATES FROM LOW TTL
LOGIC LEVEL, CONNECT TO TERMINAL 22.

MR-1485

Figure 31. MINC D/A Connected to X-Y Plotter



CHAPTER 5
DIGITAL INPUT AND OUTPUT

Applicable Lab Module Routines (see Book 6 for complete infor- THE MINC DIGITAL
mation): INPUT MODULE
DIN Collect Digital Data

DIN_EVENT Enable Independent Digital Input Lines
DIN_MASK Specify Mask for Digital Input Unit
TEST_LINE Test Condition of Digital Input Line

The MINC digital input unit accommodates 16 input lines and
can be used to read binary data from external apparatus pro-
ducing standard digital logic levels, analog voltages, or contact
closures. All inputs are interfaced by Schmitt triggers* with in-
herent hysteresis* for increased noise immunity. A front panel
DATA switch provides control of the polarity of the digital input
unit’s representation of the signal. The unit can collect data on
command and is equipped with STROBE and REPLY ter-
minals to facilitate communications with external instruments
that transmit data on groups of up to 16 lines simultaneously. In
addition, the unit supports an independent event mode of opera-
tion in which signals on selected input lines can initiate program
operations (see Book 6).

Figure 32 shows the front panel of the digital input unit. The
EVENT terminal is not required or used by any MINC routines.
In independent event mode, a signal on any of the lines author-
ized by the DIN_EVENT arguments generates a TTL*-
compatible output signal at the EVENT terminal. This signal
will be a pulse of several microseconds duration and can be used
to communicate with external apparatus. 47



MINC DEVICES

48

MNCDI digital in-3
DMA
DATA data DATA POLARITY CONTROL
el o N+ IN FOR LOW LOGIC LEVEL,
~sTRosE ", D —— OUT FOR HIGH LOGIC LEVEL

OeERY ouT - RESPONSE TO NEGATIVE-
GOING TRANSITIONS.

A A

strobe
N+ STROBE POLARITY CONTROL.
D l—— SAME FUNCTIONS AS FOR
out - DATA POLARITY CONTROL.

—1—— EVENT OUTPUT SEE TEXT.

—
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Figure 32. MINC Digital Input

Figure 33 shows the digital input connector block.

Expansion. The MINC system supports up to four digital in-
put modules. Each is identified in the digital input routines as a
unit with an identifying number from 0 to 3. Unit 0 is the digital
input module whose configuration switches have been set in ac-
cordance with the label on the side panel to define the module as
unit 0. Unit 3 is the digital input module whose configuration
switches define it as unit 3. Relative position of digital input
modules is unimportant as long as all modules are inserted to the
right of any A/D converter and to the left of clock 1, if it exists.
(See Chapter 9, System Configuration Procedures.)
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[0 T~

INPUT FOR EXTERNAL VOLTAGE

EXTVOLT 24 | — (+30V MAX) TO INCREASE REPLY
USER GROUND — logicgnd 23 EXCURSION RANGE
PGM OUT 22 | — SPECIAL PURPOSE TERMINAL
D15 21 (NOT SUPPORTED BY MINC)
D14 20
D13 19
D12 18 INPUT LINES 8 TO 15
D11 17
D10 16
D09 15
D08 14
45V REF 13 +5 V SOURCE FOR EXTERNAL
DEVICES (62 mA MAX)
logicgnd 12
STROBE INPUT ACCEPTS SIGNAL REPLY 11 REPLY OUTPUT (PRODUCES 1 uS
(1 uS MIN) FROM EXTERNAL NEGATIVE-GOING PULSE TO INFORM
APPARATUS WHEN PARALLEL DATA STROBE 10 EXTERNAL APPARATUS THAT
WORD IS READY FOR TRANSFER D07 9 PARALLEL DATA TRANSFER HAS
DO6 8 BEEN ACCOMPLISHED)
D05 7
D04 6
CAUTION: Input levels to STROBE D03 5 INPUT LINESOTO 7
or DATA terminals must not exceed D02 4
-16 or +20V. DO1 3
D00 2
USER GROUND —— logic gnd 1

N~

Figure 33. MINC Digital Input Connector Block
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Connections to External Parallel Data Ports. Figure 34 shows
connections between the digital input and an external instru-
ment that transmits logic levels to the system on as many as 16
lines simultaneously. To expedite reliable data transfer, such in-
struments normally issue a signal to indicate that data is ready
to be transferred. This signal must be connected to the STROBE
terminal on the digital input connector block. Such instruments
make no further transfers until signalled by the receiving de-
vice (MINC in this case) that the preceding transfer has been ac-
cepted. The digital input module issues this signal automati-
cally from the REPLY terminal on the connector block. Figure
35 illustrates the timing relationships assumed by the digital in-
put module when the DIN rate argument is 0.

Connect single unshielded wires between each data and control
pin of the instrument connector and related terminals on the
digital input connector block. See the user’s manual for the in-
strument in question to ascertain how the instrument connector
is wired. The relationship between instrument functions and
digital input module terminals varies according to the instru-
ment involved and your specific application and cannot be
described more fully here. Make sure that at least one wire is
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connected between the external instrument ground and one of
the three “logic gnd” (ground) terminals on the connector
block.If more than one ground terminal is available at the in-
strument connector, it is good practice to connect a ground wire
to each of the two user grounds on the digital input connector

block.
MULTIPLE-PIN CONNECTOR
TO MATE WITH EXTERNAL
EXTERNAL INSTRUMENT INSTRUMENT CONNECTOR
—
DATAAND J —<
CONTROL —_—
—
GROUND(S) ‘\
PARALLEL
QUTPUT PORT
' 24
logic gnd 23
18 N
MULTI-CONDUCTOR CABLE
15
logic gnd 12
REPLY 11
STROBE 10
I
)
6
i
logicgnd 1 CAUTION: Input levels to STROBE
_m-_p\/ or Data terminals must not exceed
-16 0or +20 V.

MR-1488

Figure 34. Connections Between Digital Input Unit and
External Instrument with Parallel Output Port

NOTE

The REPLY signal issued by the digital input unitis a
50 standard TTL* output. If the external device requires
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a higher voltage, an external voltage (+30 V max-
imum) may be introduced via terminal 24 (EXT
VOLT). See The MINC Digital Output Module in
this manual for details.

INSTRUMENT ASSERTS VALID DATA

DATA FROM l
DIGITAL INPUT i
-—o' '4— 0 NS MIN
STROBE FROM {
INSTRUMENT TO _14-——1 uS MIN
1

DIGITAL INPUT

le—1 S NOMINAL
RELATED MINC [ L

ACTIVITY DIGITAL INPUT __ % '’} MINC READS
LATCHES DATA DIGITAL INPUT LATCHES
DIGITAL INPUT _d
ISSUES REPLY ! 1uS NOMINAL——I_

TO INSTRUMENT

MR-1489

Figure 35. Timing Relationships for Data Transfer to Digital
Input from External Parallel-transfer Instrument.

Data Latching and Polarity. The front panel DATA switch has
two roles, depending on the nature of the DIN routines being
run. In independent event operation (see Book 6), the DATA
switch defines the polarity of the waveform that the unit will ac-
cept as an event. If the DATA switch isin (+), events on the input
lines will be recognized when the waveform passes the positive-
going threshold (about 2.3 volts). If the DATA switch is out (-),
events will be recognized when the waveform passes the
negative-going threshold (about 1.3 volts). In either case, the
digital input’s 16-bit binary data word will contain 1’s for lines
on which activity has occurred, and 0’s for all other lines.

Under all other other operating conditions, the DATA switch
reverses the polarity of the data word. If the DATA switch is set
to “+”, a high logic level* (or an absent connection) on any line
will set the corresponding bit in the data word; a low logic level
will clear the corresponding bit. If the DATA switch is set to “-”,
a high logic level (or an absent connection) on any line will clear,
and a low logic level will set, the corresponding bit.

Digital Input Connections from External Switches. The pri-
mary problem in interfacing standard switch contact opera-
tions to MINC is that virtually all such switches exhibit contact
bounce. At the moment of contact closure or opening, not one but
several changes of state occur that can, depending on the switch
and the program being run, manifest themselves as multiple
rather than single events. This effect is diagrammed in Figure
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36. As long as the switch remains closed, the +5 V bias voltage
supplied by the Schmitt trigger input is shorted to ground, with
the effect that the Schmitt trigger sees an input voltage of 0.
When the switch condition is changed, multiple contact opera-
tions oceur at the moment of transition, and each generates a re-
sponse from the Schmitt trigger. The same thing occurs when
the switch is closed again. If the duration of the contact bounce is
great enough, the program may have time to read and clear the
digital input unit before the switch-open bounce has subsided.
In any case, such clearing will almost certainly have occurred by
the time the switch is closed again. The result will be two or
more program responses to each contact-open/contact-closed
operation.

| DIGITAL
| INPUT
NORMALLY-CLOSED | BV ouNIT
SWITCH l m%
[ >>l ST
SWITCH SWITCH

|
OPENED | CLOSED
|

- -~
INPUT VOLTAGE 4
ASSEEN 8Y il [
0
INDETERMINATE
o b inteRVAL - |-

SCHMITT TRIGGER

INTERNAL

ST RESPONSE “I”I I“ ”

MR-1490

Figure 36. The Effects of Contact Bounce on a Digital In
Schmitt Trigger

Figure 37 illustrates a user cure for the bounce problem. The in-
put voltage is identical to that shown in Figure 36 except that a
capacitor of an appropriate size is connected across the switch
terminals. The switch bounces just as before when it is opened,
but this time the capacitor, previously discharged by the closed
contacts, absorbs the voltage transients created by the bounce,
gradually charging through internal resistor R1 until the
Schmitt trigger threshold voltage is reached. The result is one
and only one response from the Schmitt trigger. A similar effect
occurs when the switch is closed, the capacitor again absorbing
the transients of the bounce and creating a steadily falling wave-
form that does not elicit a response from the positively set
Schmitt trigger.
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Table 9 provides a list of capacitance values that will delay
Schmitt trigger operation by the indicated amounts. Connect
capacitors directly across the switch terminals as shown in Fig-
ure 37. When large value polarized capacitors are involved, be
sure to observe polarity (+end connected to the digital input side
of the switch, other end connected to ground). Select, by trial and
error, the smallest value that produces a delay sufficient to over-
ride the bounce characteristics of the switch in question.

Table 9. Delay Intervals for Debouncing Capacitors Connected
as Shown in Figure 37.

DELAY INTERVAL MINIMUM C
1mS .06 uF
10 mS 0.6 uF
20 mS 1.2uF
NORMALLY CLOSED F,\}SL'JTTAL
SWITCH WITH UNIT
DAMPING CAPACITOR ——————— q
}"‘_(‘SEE NOTE) | +5V |
l ) ! |
| % 1
— »—E T ST
= | |
I |
SWITCH SWITCH
INPUT VOLTAGE  +5V OPENED 'Y + CLOSED
AS SEEN BY M.T. THRESHOLD I Y,
SCHMITT TRIGGER ¢ :
INTERNAL |
SCHMITT TRIGGER
RESPONSE. |
(SLOPE SWITCH
SET TO +)
NOTE

OBSERVE POLARITY MARKINGS ON
POLARIZED CAPACITORS.

MR-1481

Figure 37. Capacitive Contact Debouncing for a Digital Input
Unit Schmitt Trigger

Table 10 provides a summary of connections and control settings
required by the DIN routine arguments. Unlisted arguments
require no control setting or connective support from the user. 53
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Table 10. Connections and Control Settings Required by the
DIN Routine.

Routine Argument Supporting User Action
DIN mode=TIMESTAMP Confirm presence of required clock
. module(s).
mode=ST2 Connect desired start signal line to ST2

input on clock.

mode= EXTERNAL Connect desired input to clock ST1.

rate=0 Connect STROBE and REPLY to
external apparatus and set STROBE
polarity switch as required.

rate=0 Connect sampling trigger line to DI
strobe terminal or to any of terminals
D00 to D15 for independent event

operation.
rate=1 If EXTERNAL mode is specified,
connect desired input to clock ST1.
CHAN Confirm that the specified channel(s)

exist on the system.

Applicable Lab Module Routines (see Book 6 for complete infor-
mation):

DOUT Send Digital Data

DOUT_MASK Specify Mask for Digital Output

SET_LINE Specify Condition of a Single Digital
Output Line

The MINC digital output module (see Figure 38) permits
program-controlled transfer of up to 16 bits of data or control
information from the MINC system to external apparatus. The
unit can output data on program command. Moreover, it is
equipped with STROBE and REPLY terminals to facilitate
communications with external instruments that accept data si-
multaneously on groups of as many as 16 lines. The unit can also
drive up to 16 relays, lamps, or light-emitting diodes (see Book 6
for details on use of SET_LINE commands for specifying dis-
crete digital output lines).

Figure 39 shows the digital output connector block.

Expansion. The MINC system supports up to four digital out-
put modules. Each is referenced in the digital output routines as
aunit with an identifying number between 0 and 3. Unit 0 is the
digital output module whose configuration switches have been
set in accordance with the label on the side panel to define the
module as unit 0. Unit 3 is the digital output module whose con-
figuration switches define it as unit 3. Relative position of the
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digital output units is unimportant to the computer (though ran-
dom placement may confuse the user) as long as all units are in-
serted to the right of any A/D converter and to the left of clock 1,
if it exists (see Chapters 9 and 10).

DMA
DATA reply
" REPLY POLARITY SELECTOR
E..o. o N+ (ALLOWS MODULE TO ACCEPT
2 our - | NEGATIVE- OR POSITIVE-GOING
fEPY TRANSITIONS AS REPLY SPECIFIERS)

G

Figure 38. MINC Digital Output Module

MR-1492

Connections to External Parallel Data Port. Figure 40 illus-
trates connections between the digital output and an external in-
strument that accepts up to 16 parallel bits of digital informa-
tion. To ensure reliable data transfer, such instruments often is-
sue a “Data Accepted” signal when data has been received to in-
form the transmitting device that it can proceed to the next
transfer. This signal line must be connected to the REPLY ter-
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minal on the digital output connector block. Such instruments
walit to read new data until a “Data Ready” signal is received
from the transmitting device. This signal line must be connected
to either of the strobe terminals (HB STRB or LB STRB) on the
connector block (the two are functionally identical for the MINC
user). Figure 41 illustrates the timing relationships assumed by
the digital output module.

T\
EXTERNAL VOLTAGE INP
EXTVOLT 24 | — (30 v, MAXIMUM A 100?111\)
USER GROUND —— user gnd 23
HBSTRE 22 | — GENERATES "DATA READY"
D15 21 SIGNAL FOR EXTERNAL PARALLEL
TRANSFER INSTRUMENTS
D14 20
D13 19
D12 18 OUTPUT LINES8TO 15
D11 17 (HIGH BYTE)
D10 16
D09 15
pog 14 +5 V REFERENCE SOURCE
+bvref 13 | —— FOR EXTERNAL DEVICES
REPLY INPUT RECEIVES DATA logicgnd 12 (62 mA MAXIMUM)
ACCEPTED SIGNAL (1 iSMIN) _—— ReLy 1 FOR MINC USER, FUNCTIONALLY
FROM EXTERNAL INSTRUMENT LBSTRB 10 | — Il;)ENTICAL 70 HB STRB
DO7 9
D06 8
D05 7
D04 6 OUTPUT LINESO TO 7
D03 5 (LOW BYTE)
D02 4
Dol 3
D00 2
user gnd 1 | — USER GROUND
LINES 0—15:
SET ~ LOW STATE M CAUTION: Input levels to RPLY
CLEAR — HIGH STATE terminal must not exceed -16 or +20 V.

MR-1493

Figure 39. MINC Digital Output Connector Block.

Connect single unshielded wires between data and control pins
of the instrument connector and related terminals on the digital
output connector block. Make sure that at least one wire is con-
nected between the external instrument ground and one of the
two User Gnd terminals. If more than one ground terminal is
available at the instrument connector, it is good practice to con-
nect a ground wire to each user ground on the connector block.

Transfers Requiring Non-TTL* Voltages. The EXT VOLT ter-
minal (pin 24) on the digital output connector block permits rais-
ing the data and STROBE high logic values from the TTL range
to as high as +30 volts. Connect the external power supply as il-
lustrated in Figure 42, and set the power supply to the level re-
quired by the external instrument.
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INPUT
EXTERNAL INSTRUMENT /;QRT
—
DATA AND <
CONTROL %
—

MULTIPLE-PIN

= CONNECTOR TO
MATE WITH
EXTERNAL

INSTRUMENT
CONNECTOR

USER gnd 23
HB STRB 22

MULTI-CONDUCTOR CABLE

logicgnd 12 E
REPLY 11

CAUTION: Input levels to REPLY
terminal must not exceed -16 or +20 V.
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Figure 40. Connections to External Instrument with TTL-
compatible Parallel Data Port

PROGRAM WRITES
DATA TO DIGITAL OUT

OUTPUT DATA X

!
—» fe— 14 MIN T

DIGITAL OUT ISSUES §
HB STRB
LB STRB
— fe— 145 NOM
|
EXTERNAL DEVICE )ﬁ—l /777
ISSUES REPLY
-—-[ |¢— 1 uS MIN
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Figure 41. Timing of Parallel Data Transfer from the Digital
Output to External Apparatus

e
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EXTERNAL PAR
POWER SUPPLY lNAPUAT"LEL
{5-30 V) EXTERNAL INSTRUMENT [PV

—
/ —
DATAAND | — ¢
N CONTROL D
—=
CAUTION .
DO NOT EXCEED +30 V. |

I

EXT VOLT 24 E

USER gnd 23 #
HB STRB 22

logic gnd 12 b
REPLY 11 §

CAUTION: Input leveis to REPLY
terminal must not exceed -16 or +20 V.

MR-1496

Figure 42. Use of the EXT VOLT Terminal

NOTE

Some instruments provide their own reference voltage
terminal. In such cases you can dispense with the ex-
ternal power supply and make a connection between
the instrument reference terminal and EXT VOLT on
the digital output connector block.

Driving Power-consuming Devices. All output lines of the
58 digital output unit (including the STROBE lines) are provided
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with drive transistors that can pass significant amounts of ex-
ternally supplied current. For this reason, the digital output
module can be used to drive a large variety of discrete external
devices — light-emitting diodes, incandescent lamps, solid-state
and electromechanical relays, small DC motors, and so forth.
The main restrictions are that the external voltage not exceed
+30 volts, that no more than 140 mA may be drawn from any sin-
gle output, and that inductive devices such as electromechanical
relays or motors be provided with suitable flyback clamp
diodes. Connections to external devices are illustrated in
Figure 43.

EXTERNAL DC POWER SOURCE
(+30V MAX)

+V

INCANDESCENT
LAMP

LIGHT-EMITTING
DIODE

ELECTROMECHANICAL
RELAY

SEE NOTE

|| souibstaTe
(2K, RELAY

NOTE

ALL INDUCTIVE DEVICES SHOULD BE
BYPASSED WITH FLYBACK CLAMPS
IN THE FORM OF DIODES (AT LEAST
1 AMP, 400 V} CONNECTED AS SHOWN.

MR-1497

Figure 43. Connecting Discrete External Devices to the
MINC Digital Output
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Table 11 provides asummary of connections and control settings
required by the DOUT routine. Unlisted arguments require no
control setting or connective support from the user.

Table 11. Connections and Control Settings Required by the

DOUT Routine
Routine Argument Supporting User Action
DOUT mode=ST2 Connect desired input to clock ST2.
mode=EXTERNAL Connect desired input to ST1.
rate=0 Connect HB STROBE or LB STROBE

and REPLY to external apparatus and
set Reply polarity switch as required.




CHAPTER 6

USING THE IEEE INSTRUMENT

Housed in the processor section of the MINC chassisisthe IEEE
bus controller, a module that mediates between the MINC sys-
tem and as many as 14 external IEEE-bus-compatible instru-
ments. Communications with such instruments via this module
are described in Book 5. What follows here describes the IEEE
bus and provides information necessary to making connections
between MINC and external instruments on the bus.

The IEEE Bus (defined in IEEE-488 General Purpose Instru-
ment Bus Standard) consists of 16 data and control lines that are
shared by all external IEEE instruments and which provide a
communications path between those instruments and the MINC
processor. Instruments are connected to the bus by multiple-
conductor cables (see Figure 44). These cables terminate at both
ends in combined male/female connectors that can be stacked
one on another — thus permitting parallel connection of the
MINC IEEE bus module and all the instruments on the bus.

All instruments share the bus and could therefore interfere with
one another if there were no restrictions on when and how in-
struments can send or receive information. For this reason, a
bus communications protocol has been designed into the com-
bined logic of the IEEE bus module and communicating instru-
ments. This protocol allows bus instruments to operate under
certain conditions (discussed below) as talkers, listeners, or con-
trollers, or some combination of the three.

BUS

IEEE BUS

BUS PROTOCOL
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MR-1498

Figure 44. IEEE Bus Cable

Talkers. Any instrument that can output data to the busis a po-
tential talker. Digital voltmeters fall into this category, as do
electronic counters, spectrum analyzers, and the interface bus
controller itself. To prevent interference, bus protocol allows
only one talker to be active at a time.



Listeners. Any instrument that can receive data from the bus
is a potential listener. This includes the instrument bus control-
ler itself as well as most instruments which can be controlled or
receive data from the bus — digital voltmeters, electronic
counters, spectrum analysers, plotters, line printers. Protocol
allows any number of external instruments to be active listeners
at the same time.

Controllers. Although a controller can be both a talker and a
listener, it is distinguished by the fact that it oversees all activity
on the bus. The controller can designate which instruments talk
and which instruments listen and can thereby maintain an or-
derly flow of information along the bus. In the MINC world
MINC itself is always the controller.

Talkers and listeners are converted from an inactive to an active
role by being “addressed” to act in that role by the controller.
Each instrument connected to and monitoring the bus is pro-
vided with one or more user-settable addresses, each specifictoa
talk and/or listen function within the instrument.

Note that a distinction must be made between the words “moni-
tor” and “listen” in the world of the IEEE bus. All connected in-
struments monitor the bus continuously, whether in their listen
mode or not. If they did not, they could not be directed even
to “listen.” Listen, however, denotes the act of waiting for
messages.

Setting Instrument Addresses. Most instruments that con-
nect to the IEEE bus will be provided with one or more sets of
switches or jumpers that permit you to set talk and/or listen ad-
dress to appropriate values. The user’s manual for the instru-
ment in question should indicate where these switches or
jumpers are located and how to utilize them to create the desired
address codes. MINC accepts decimal addresses in the range of
0 to 30.

Primary Address Switch Arrays. Address facilities in most in-
struments will resemble those illustrated in Figure 45 and will
permit user specification of five bits of address information.
That is, a given instrument will provide five switches or five
pairs of jumper posts that may be used to define a talk and/or
listen address. Table 12 defines the conditions of the five least
significant address bits necessary to specify each address from 0
to 30. A bit condition of 1 is normally created by an on switch
setting or a jumper installed; 0 is created by an off switch setting
or a jumper not installed.

IEEE INSTRUMENT BUS

ADDRESSING
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Addressable Mode. Many instruments provide a switch that
permits the user to select either addressable or independent
operating modes. For programmed operation on the IEEE bus,
this switch should be set to the addressable position.

Recording Instrument Addresses. It is good practice to record
the addresses assigned to all instruments in the form of a table.
This procedure not only helps prevent assigning duplicate ad-
dresses but is a useful reference for the person writing the con-
trol program who must use the specific instrument addresses.

¢

. ADDRESSABLE

912121
Figure 45. Typical Talk/Listen Address Switch

The final step in preparing an IEEE bus system is that of mak-
ing connections between the IEEE bus controller cable and the
instruments in the system. These connections are made by
means of BN11A bus cables, available in 1-, 2-, and 4-meter
lengths. Each cable is provided with stackable piggyback con-
nectors that mate both with bus-compatible instrument connec-
tors and with one another. Connections can be made in either
star or linear configuration, as illustrated in Figure 46 — or in
some combination of the two. Since the bus connects all instru-
ments in parallel, there is no need to be concerned with physical
instrument sequence along the bus.
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Note that the maximum number of instruments that may be si-
multaneously connected to the IEEE bus is 15, with MINC it-
self counting as one instrument.

CAUTION

Although any number of instruments can be mechani-
cally and electrically connected in star configuration,
a practical constraint is imposed by the physical stress
that a large stack of connectors exerts upon the instru-
ment connector supporting them. In general, avoid
building stacks more than three or four connectors

high.
Table 12. Talk/Listen Address Switch Settings
Talk/Listen
Address Switch Settings (1 = Switch on) Address (decimal)
A5 Al A3 A2 Al
0 0 0 0 0 0
0 0 0 0 1 1
0 0 0 1 0 2
0 0 0 1 1 3
0 0 1 0 0 4 o
0 0 1 0 1 5 <\ R A
0 0 1 1 0 6
0 0 1 1 1 7
0 1 0 0 0 8
0 1 0 0 1 9
0 1 0 1 0 10
0 1 0 1 1 11
0 1 1 0 0 12
0 1 1 0 1 13
0 1 1 1 0 14
0 1 1 1 1 15
1 0 0 0 0 16
1 0 0 0 1 17
1 0 0 1 0 18
1 0 0 1 1 19
1 0 1 0 0 20
1 0 1 0 1 21
1 0 1 1 0 22
1 0 1 1 1 23
1 1 0 0 0 24
1 1 0 0 1 25
1 1 0 1 0 26
1 1 0 1 1 27
1 1 1 0 0 28
1 1 1 0 1 29
1 1 1 1 0 30
1 1 1 1 1 31*

* Used for special purposes; not a valid device address.

Maximum System Cable Length. If a given system is to func-
tion properly, certain voltage levels and timing relationships 65
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must be maintained on the IEEE bus. Since these levels and
times are affected by cable length and number of instruments
connected to the bus, observe the following two constraints when
you configure a system:

1. Total cable length for the system must be no greater than
20 meters (66 feet), including the 4-meter MINC IEEE
cable.

2. Total cable length for the system must be no greater than 2
meters (6 feet) times the total number of instruments con-
nected to the bus. MINC itself counts as one instrument in
this calculation.

For example, if there are twelve instruments on your IEEE bus,
rule 2 prevails, and the maximum cable length is (12+1)*2=26
meters — and 26 exceeds the 20-meter limit of rule 1. In this
case, you will have to use shorter cables in such a way as to bring
the total cable length down to 20 meters (66 feet).

BN11A
IBV11 A ABLE
LEVlCE Al IDEVICE ;l l DEVICEC l I DEVICE D l I DEVICEE |

(A) LINEAR CONFIGURAT!ON

DEVICED

isvita ][]

DEVICE A

[ | ]
DEVICE B DEVICE C

(B} STAR CONFIGURATION

MR-1499

Figure 46. Bus Cable Connections
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CONNECTING SERIAL ASCII

Applicable Program Routines (see Book 6 for complete informa-
tion):

CIN Characters In
COUT Characters Out

Housed in the processor section of each MINC chassis is a serial
ASCII transfer controller. This device contains three channels
which are routed to the rear of the MINC chassis and identified
as serial line units (SLU’s). A fourth channel, also routed to the
rear of the chassis, is identified with the term CONSOLFE and is
dedicated to the system terminal. These SLU’s support serial*
transfers of 8-bit ASCII code between the system and the ter-
minal, a 30-character per second printer, and 2 other devices.

SLU2 is assigned to an optional 300-baud printer such as the
Digital LA 35. SLU 0 and SLU 1 can be used with a variety of
monitor and control instruments that can accept and send serial
ASCII code. Table 13 shows the characteristics that each of the
SLU’s require from apparatus to which they are connected.
Note that SLU’s 0, 1, and 2 must have test connectors installed
(as originally shipped) to run the MINC diagnostic chain (see
Chapter 13).

Table 13. Input/Output Characteristics of SLU’s 0, 1, and 2

Number of Number of
Unit Baud Rate Data Bits Stop Bits Mode Parity
SLU 0 9600 8 1 EIA None
SLU 1 1200 8 1 EIA None
SLU 2 300 8 1 EIA None

APPARATUS
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Figure 47. Serial Line Unit (SLU) Ports

PIN6 — TRANSMIT/RECEIVE GROUND

PIN7 — TRANSMIT (FROM EXTERNAL APPARATUS)
PIN4 — RECEIVE (FROM MINC)

PIN 3 — SHIELD (IF ANY)

MR-1894

Figure 48. Wiring the SLU Connector

Unwired connectors that mate with the SLU ports are contained
in the MINC interface kit. Figure 48 shows which pins are to be
connected to which signal lines on the associated serial ASCII



apparatus. Insert wire into the untapered end of the female con-
nector pin and heat assembly with soldering iron until small
drop of solder will flow into pin/wire interface. Use minimum
solder required to provide a positive physical bond. When all
pins are connected, insert each into the holes in the rear of the
connector identified in Figure 48. Using a small screwdriver,
apply pressure on the rear of each pin until it seats fully as indi-
cated by an audible snap.

SERIAL ASCIlI APPARATUS
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CHAPTER 8

MINC SYSTEM SPECIFICATIONS

The following requirements are imposed by the flexible disk-
ettes, which must be within operating temperatures range be-
fore use. Note that diskettes exposed to a magnetic field strength
of 50 oersteds or greater may lose data.

Temperature
e  Operating: 15 to 32 degrees C (59 to 90 degrees F') am-
bient
e Nonoperating: -35 to +52 degrees C (-30 to +125 de-
grees F)
Relative humidaity

o 25 degrees C (77 degrees F) maximum wet bulb; 2
degrees C (36 degrees F') minimum dew point; 20% to
80% relative humidity

The following specifications apply to the hardware items that
make up the physical and electrical portion of the MINC system.
These specifications often identify characteristics that are inac-
cessible or irrelevant to the user of the total hardware/software
system. Nevertheless, such specifications may be of interest to
MINC users, if only for comparative purposes. For this reason,
and for the sake of completeness, they are included here.

MINC Cart, with standard MINC system components:

Size: 54.6 cm W X 110.5 cm H X 77.5 em D (21.5” X
43.5” X 30.5")

Weight: 125 kilos (275 1bs)

SYSTEM
ENVIRONMENTAL
REQUIREMENTS

DETAILED
SPECIFICATIONS:
STANDARD MINC

ITEMS

71
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Dual Diskette Drive (RX02M)

Reliability (drive and diskette)
Minimum number of revolutions/track: 1 million (head
loaded)

Seek error rate: 1 in 10° seeks
Soft read error rate: 1 in 10° bits read

Hard read error rate: 1 in 10"’ bits read
NOTE

The above error rates apply to diskettes that are properly
cared for. Seek error and soft read errors are usually
caused by random effects in the head/diskette interface
such as electrical noise, dirt, or dust. Both are called “soft”
errors if the error can be recovered from in ten additional
tries or less. “Hard” errors cannot be recovered from.

Drive Performance
Capacity:
Per diskette: 512,512 bytes
Per track: 6,656 bytes
Per sector: 256 bytes

Data transfer rate:

Diskette to conntroller buffer: 2usec/data bit (500kbps)
Buffer to interface: 1 usec/bit (1Mbps)

Interface to LLSI-11 I/O bus: 9us/8-bit byte (>100k bytes/
sec)

Track-to-track move: 10/ms/track maximum
Head settle time: 20 ms maximum
Rotational speed: 360 rpm *+ 2.5%

Recording surfaces/disk: 1

Tracks/disk: 77

Sectors/track: 26

Bit density: 6400 bpi at inner track

72 Track density: 48 tracks/in



Average access: 488 ms, computed as follows:

seek settle rotate total
(77tks/2) x 10ms+20ms + (166 ms/2) = 483ms

MINC Chassis (MNCBA)

e  Number of processor-related slots (4xX36 terminals): 8
e  Number of lab module slots (4X36 terminals): 8
e Power supply (+5 and +12 volts):

+5V at 22A

+12V at 11A

Adequate to drive a MINC chassis filled with all stan-
dard plus the maximum number of optional modules.

Processor (KD11-HA)

The KD11-HA processor is built around a set of 5 N-channel
metal oxide semiconductor (MOS) integrated circuit chips,
which include control and data elements as well as two micro-
code read-only memories. The latter are programmed to emu-
late the PDP11/35,40 instruction set and include routines for on-
line debugging (ODT), operator interfacing, and bootstrap load-
ing. The processor also contains a 16-bit buffered parallel input/
output bus, a line time clock input, priority interrupt control
logic, power-fail/auto restart and other features to provide
standalone operation. The entire processor, with all of the above-
mentioned features, is contained on one 22.8 by 13.2 ¢cm printed
circuit board.

Word length: 16 bits (two 8-bit bytes)
Memory address range: 32,768 words

Instruction set: more than 400 PDP-11/35,40 type instruc-
tions

IEEE Instrument Bus Interface (IBV11-A)

Interfaces between MINC and an IEEE bus IEEE Standard
488-1975).

Input logic levels:
TTL logical low: 0.8 VDC max

SYSTEM SPECIFICATIONS
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TTL logical high: 2.0 VDC min

Output logic levels:
TTL logical low: 0.4 VDC max
TTL logical high: 2.4 VDC min

Memory (MSV11-DD)

*

*

*

*

Type: Dynamic random-access MOS
Logical size: 32,768 words (65,536 8-bit bytes)
Refresh: internal

Operating speed (assuming no I/O bus arbitration con-
flicts):

Access time: 300 ns, typical; 350 ns max

Cycle time: 650 ns typical; 750 ns max
Physical size: 22.8 by 13.2 cm

Serial ASCII Interface (DLV11-J)

*

k

*

Number of serial lines: 4

Rates (jumper selectable): 150, 300, 600, 1200, 2400,
4800, 9600, 19200, 38400

Interface type: EIA

Format: Jumper-selectable stop and data bit formats

Architecture: compatible with LSI-11 bus and LSI-11
interrupt protocol

Physical size: 22.8 X 13.2 cm

Diagnostic Bootstrap/Terminator (BDV11-AA)

Contains 120-ohm terminations for LSI-11 bus signal lines. Pro-
vides read-only memory programs that check the CPU, mem-
ory, and operator’s console. Also contains start-up (bootstrap)
programs for a number of LSI-11 compatible peripherals.

Diagnostic/bootstrap conditions are factory-selected by means
of switch packs on the BDV11-AA module. When power is ap-
plied to the system or when the system is restarted, the selected
diagnostics are executed, followed by the selected bootstrap. If
hard errors occur during execution, the CPU halts and a



diagnostic light display on the MDV11-AA defines the area of
the failure. At the same time, the CPU, by entering Halt mode,
causes the I/O address of the error to be presented on the
operator’s console.

The BDV11-AA is provided with two user-accessible switches
— a halt/enable switch that allows the CPU to be forced into
Halt mode, and a restart switch that enables the system to be re-
started. It is also provided with five diagnostic lights (see Chap-
ter 13 for details).

Keyboard/Monitor with Graphics Display (VT105)

Alphanumeric terminal characteristics
*  Detached keyboard with plug-in coil cord

*  Screen size: 80 columns by 24 lines or 132 columns by
14 lines

*  Double-width, or double-height double-width charac-
ters, selectable on a line-by-line basis

*  Selectable smooth or jump scrolling

*  Blinking cursor, selectable as either underline or re-
verse video at cursor location

*  Split screen capability
* 7% 9dot matrix characters with descenders
*  Normal or reverse video

*  Nonvolatile RAM storage of terminal operating char-
acteristics

*  Single character underline or reverse attributes ac-
complished on a whole-screen basis whereby all se-
lected characters are given the same attribute. The
cursor position is identified by blinking the selected at-
tribute at the cursor location

*  Composite video output — standard RS170 output for
an auxiliary monitor (via BNC connector on rear of
terminal)

*  Built-in self-test
* P4 phosphor (white)
Size

*  Keyboard: 45.7cm W X 89 em H X 20.3 em D (18” X
3'5” X 8/!)

SYSTEM SPECIFICATIONS
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Monitor: 45.7 cm W X 36.8 cm H X 36.2 cm D (18” X
14.5” X 14.25")

Combined depth: 51.4 ¢cm (20.25”)

Weight
Keyboard: 2.3 kg; 5 lbs

Monitor: 14 kg; 31 lbs

Video Connections
Composite Video Output (external BNC connector):
Provides EIA RS170-compatible output generated by

combining the video signhal with a composite sync sig-
nal.

Output impedance: 75 ohms, DC coupled
Syne level: 0 volts

Black level: approx 0.3 volts with 75 ohm load
White level: approx 1.0 volts with 75 ohm load

Composite synec waveform: composed of 6 equalizing
pulses, 6 vertical sync pulses, and 6 equalizing pulses

Equalizing pulse width: 2.33 usec + 50 ns
Vertical pulse width: 27.28usec = 200 ns
Horizontal pulse width: 4.71usec = 50 ns

Horizontal blank width:
11.84us = 50 ns (80 column mode)

12.34 usec + 50 ns (132 column mode)

Front porch: 1.54 usec = 50 ns

Video Input (external BNC connector):

External video input signal is “OR’ed” with the inter-
nal video signal in such a way that the intensity of the
beam at any point on the screen will correspond to the

intensity of whichever signal would tend to make the
beam brighter at that point.

Input impedance: 75 ohms, DC coupled
Black level: 0 volts
White level: 1.0 volts

Maximum continuous input: + 2.0 volts



A/D Converter (at 25 degrees C unless otherwise noted)

Input voltage range: £5.12 V bipolar (full scale)
Resolution*: 12 bits (1 part in 4096)

Data acquisition time: 40 usec typical; 43 usec worst
case (single channel)

Sample and hold: aperture delay* = 200 nsec; aperture
uncertainty* = 2 nsec

Number of channels: 16 single-ended* or 8 single-
ended and 4 quasi-differential*

Input impedance: 100 megohms minimum

Input bias current: 40nA maximum
Effective input slew rate: 1.5 volts/microsecond

Integral linearity*: £ 1 LSB* maximum (referenced to
end points)

Differential linearity*: £1/2 LSB for 99% of states with
no states missing or wider than 2 LSB

Temperature stability: differential linearity = 2 ppm
of full-scale range per degree C; offset = 7.5 ppm of full
scale range per degree C; gain = 6 ppm per degree C.

Analog input protection: fusible resistor guaranteed to
open at + 85 V within 6.25 seconds. Guaranteed not to
open from -25 V to +20 V at the input. Overload affects
no components other than the fusible resistor on the
overloaded channel. No other channels will be af-
fected.

Logic input protection: fusible resistor guaranteed to
open at + 25 V within 6.25 seconds. Guaranteed not to
open from -25 V to +20 V at the input.

Test signals:

Channel 0: 0 volts (ground potential)
Channel 1: positive dc level, +4.4 V (£15%)
Channel 2: negative dc level, -4.4 V (£15%)

Channel 3: triangular wave, 9.5 Hz nominal (£15%)

MINC Preamplifier (MNCAG)

*

Number of channels: 4

SYSTEM SPECIFICATIONS
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Input impedance (voltage mode): 100 megohms, mini-
mum

Input leakage current (voltage mode): 40 nA, max-
imum

Overvoltage protection (voltage mode): guaranteed to
open at £90V within 6.25 sec; guaranteed not to open
from -25 to +25 V at input.

Overcurrent protection (current mode): guaranteed to
open at =75mA within 6.25 sec; guaranteed not to
open from -15 to +15 mA.

DC accuracy: 0.015% at Gain=0.5; 0.02% at Gain=5;
0.04% at Gain=50; 0.056% at Gain=500.

Output slew rate: 3 volts/microsecond
Gain temperature coefficient: 3 ppm/degree C

Analog input full scale ranges:

Gain Factor

Range 0.5 5 50 500
Volts +-10 +1.0 +-0.1 +-0.01
Kilohms 100 10 1.0 0.1

Milliamps +-10 +1.0 +-0.1 +0.01

MINC Dual Multiplexer (MNCAM)

Gain: unity

Interchannel settling error (in conjunction with A/D
converter): 1 LSB* in 10 usecs

Interchannel crosstalk: 80 dB @ 1kHz
Analog input full scale range: £5.12 V
Analog input bias current: £100 nA

Analog and logic protection: same as for MNCAD

MINC Clock (MNCKW)

Counter resolution: 16 bits

Programmable modes (4): single interval; repeated in-
terval; external event (Schmitt trigger 2) timing; ex-
ternal event (Schmitt trigger 2) timing from zero base

Clock rates (crystal controlled):
1 MHz



100 KHz

10 KHz

1 KHz

100 Hz

Line frequency (50 or 60 Hz)

Schmitt trigger 1 (500 kHz maximum)

Accuracy of time base: 0.01 % (crystal tolerances and
temperature effects included)

External inputs: 2 Schmitt triggers
Input range (maximum limits): -30 V to +30 V

Assertion level: dependent on condition of mode selec-
tor switch (TTL, variable), slope selector (+,-), and
threshold level control; triggering range =-12 V to +12
V.

Duration: Schmitt trigger inputs should remain as-
serted for a minimum of 1 microsecond and unasserted
for a minimum of 1 microsecond.

External outputs: Schmitt triggers 1 and 2
Asserted level: low

Destination: user device

Duration: approximately 750 ns

Characteristics: TTL open-collector driver with 470
ohm pull-up to +5 V

Clock overflow: Same as Schmitt triggers 1 and 2

MINC D/A Converter (MNCAA)

Resolution: 12 bits (1 part in 4096)
Number of D/A converters: 4

Digital input: 12 bits (binary encoded for unipolar
mode; offset binary encoded for bipolar mode)

Output voltage range (switch selected): +2.56 V, £5.12
V, £10.24 V bipolar; 0 V to +5.12 V, 0 V to +10.24 V
unipolar

Gain temperature coefficient: 10 ppm per degree C,
maximum

SYSTEM SPECIFICATIONS
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Offset temperature coefficient: 20 ppm of full scale
range per degree C, maximum -

Linearity*: £1/2 LSB* maximum non-linearity
Differential linearity*: £1/2 LSB, monotonic
Output impedance: 1 ohm maximum

Drive capability: 6 mA maximum (each converter)
Slewing speed: 5 V/usec

Rise and settling time (to 0.1% of final value): 4 usec (8
usec with 5000 pF load in parallel with 1 Kohm)

MINC Digital Input Unit (MNCDI)

*

*

*

Number of data inputs: 16
Control input (1): STROBE
Control output (1): REPLY

Other outputs: PGM OUT (programmable output);
DATA READY (front panel BNC connector)

Input voltage levels: All inputs display hysteresis, are
TTL* compatible, and are protected by fusible resis-
tors. Input levels must not exceed -16 or +20V.

Input sense: logic 1 may be defined as either alow volt-
age or a high voltage. Defined either by program or by
a front panel switch.

Output voltage levels: TTL compatible; may be rede-
fined with an external power supply.

Output current capabilities: 4mA max source, 150 mA
max sink

Programmable operating modes:
Strobe (user initiated word transfer)
Poll (computer initiated word transfer)
Stimulus (individual bit recognition)
Timing:

REPLY: Data; lusec minimum transition low-going
pulse output

STROBE: 1 usec minimum pulse width required (user
must assert STROBE no sooner than the assertion of
valid data)
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MINC Digital Output Unit (MNCDO)

*  Number of data outputs: 16

*  Control outputs (2): LOW BYTE STROBE; HIGH
BYTE STROBE

*  Control input (1): REPLY

*  Qutput voltage levels: TTL* compatible; may be rede-
fined with an external power supply.

*  Qutput current capabilities: 4 mA max source; 150 mA
max sink.

*  Input voltage levels: REPLY input is TTL compatible
and fuse protected by fusible resistor. Levels must not
exceed -16 or +20 V. Hysteresis is provided for in-
creased noise immunity.

*  Inputsense: REPLY input assertion may be defined as
either a positive or negative transition as selected by
program or front panel switch.

*  Timing:
LOW BYTE STROBE: 1 usec low-going pulse output
HIGH BYTE STROBE: 1 usec low-going pulse output

DESKEW: interval between output data change and
STROBE pulses = 1 usec.

REPLY: 1 usec minimum pulse required.

81






CHAPTER 9

SYSTEM CONFIGURATION

From the point of view of system expansion, MINC modules fall
into two categories: those that the system identifies by relative
position with respect to other modules, and those that it identi-
fies by means of unique switch settings on the modules them-
selves. Multiplexers and preamplifiers belong in the first cate-
gory: as long as they are properly placed with respect to one an-
other on the left of the A/D converter, the A/D converter will au-
tomatically assign a coherent channel identity to each input ter-
minal (see Chapter 1, “The MINC Data Transfer System”).

Clocks, digital input and output units, D/A converters, and the
A/D converter belong in the second category: MINC identifies
these modules by means of switch settings. The switches in-
volved are mounted on the main printed-circuit board of the
modules and are accessible through perforations in the right
side plate. All units are set by the factory on the assumption that
they will be the first of their kind on any given system. This as-
sumption will be invalidated whenever multiple units are or-
dered initially with MINC or when modules must be added at
some later date. In either case, these factory-set patterns must
be changed to identify each unit as the second, third, or fourth of
its kind in the system. The A/D is the only lab module that can
share the MINC chassis with no other units of its own kind.

Switch patterns necessary to specify unit numbers are defined
on the label attached to the right side cover of all modules. Note
that units must be assigned sequential numerical identification:
digital input units 0, 1, 2 — not 0, 2, 3. Switches can be set by
ballpoint pen or other stylus-like tool inserted through the per-
forations in the side plate of the module, as shown in Figure 49.

PROCEDURES

SYSTEM
EXPANSION
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Do not set switches with a pencil. Note that two sets of switches
must be set for each module except the D/A, which has only one
set.

ALTERNATIVE SWITCH TYPES

MR-1500

Figure 49. Setting Module I.D. Switches

Table 14 defines the maximum number of address switch
equipped modules that the MINC system will permit. Note that
MINC supports only one A/D converter. Limits on preampli-
fiers and multiplexers are established by the A/D’s 64-channel
capability or by physical space in the MINC chassis.

Table 14. Maximum Number of Addressable MINC Modules

Unit Maximum Units
Clocks 2
Digital Input Units 4
Digital Output Units 4
D/A Converters 4
A/D Converter 1

Module Placement Sequence. Required placement sequence
(right to left) is identified in Table 15.

Relative position of multiple modules of the same type is not
critical as long as the group is installed in the proper position
84 with respect to other modules of different types. It is, however,
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good practice — and will simplify the determination of appro-
priate programming routine arguments — to assign unit 0 of
any group the rightmost position within the group, unit 1 the
next position to the left, and so on. Module types can be omitted
from the sequence defined in Table 15 as long as the sequence is
preserved with the modules that do exist. No empty slots are per-
mitted between modules.

NOTE

Module panels are keyed with respect to other panels to dis-
courage wrong sequencing. However, it may be possible to
force modules into their slots in incompatible ways. The last
5/8ths inch of module travel must insert the module connec-
tor fingers into the MINC chassis connectors and therefore
requires some pressure. Up to this point, however, passage
should be unimpeded and smooth. If you encounter resis-
tance, do not force the module. Examine the keyways on the
edges of the front panels involved. If they are incompatible,
you are violating sequence requirements.

Table 15. MINC Module Placement Sequence

First Clock (Clock 1)
Second Clock (Clock 0)
First-Fourth Digital In (Units 0-3)
First-Fourth Digital Out (Units 0-3)
First-Fourth D/A (Channels 0-15)
A/D e
First Preamp ~ -----------
First Mux --

Second Preamp
Third Preamp = -----------
Second Mux = eeeeeeao---
Fourth Preamp  -----------
Fifth Preamp 0 c----------
Third-Seventh Dual Mux ~ -----------
Blanks e

The MINC terminal is a member of a new generation of
computer-related devices that not only give their users a very
large number of useful operating characteristics but also have a
significant amount of built-in intelligence and memory. The lat-
ter two capabilites permit you to choose operating characteris-
tics by keyboard command rather than by setting hardware
switches. Setting these characteristics is accomplished in what
is called setup mode.

It is intended that you read the following section with access to a
MINC terminal so that you can execute the commands in ques-
tion and get first-hand evidence of their effect.

CHANGING
OPERATING
MODES ON THE
MINC TERMINAL
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How to Use Setup Mode. You can enter setup mode at any
time by pressing the SETUP key at the upper left corner of the
MINC keyboard. This causes the Setup A display to appear on
the screen, as shown in Figure 50. There is also a secondary dis-
play, Setup B, which is discussed later in this section.

/SET-UP ‘A O

MR1517

Figure 50. Setup A Display

You can leave setup mode at any time by pressing the SETUP
key a second time. For the present, leave the setup A display on
the screen.

NOTE

Entering setup mode does not erase your text from the
character storage memory in the terminal but only re-
places it temporarily on the sereen with the setup displays.
(Note that any graphics display details remain on the
screen with the setup information.) When you press the SE-
TUP key a second time to leave setup mode, your former
text is restored. The only setup mode keys that DO erase the
terminal character storage memory are the 9 key, the 0 key,
and the SHIFT/R key. These keys are deseribed in this sec-
tion.

Setup A

* Screen contrast. The contrast of the screen is increased by
86 the up-arrow key (1) and decreased by the down-arrow key (!).
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Try holding down each of these keys and notice the change in the
screen contrast.

* Tab stops.

NOTE

Tab stop settings on the terminal are ignored by the MINC
system. The tab stop setting procedure is given here for
completeness, but you should not expect those settings to af-
fect text output by your MINC programs.

The tab stop setting can be changed with the 2 key. Tab stops are
shown by the letter T, which appears at various points along the
list of numbers (the Ruler) at the bottom of the primary display.
This Ruler defines the number of columns on the screen. To
change a tab stop, move the cursor to the position above the de-
sired column and then press the 2 key. (The left- and right-arrow
keys, the tab key, the return key, and the space bar all move the
cursor without affecting setup conditions.) If there is already a
tab stop at the column when you press the 2 key, that stop is
cleared. If there is no previous tab in the column, a T appears,
meaning that the tab stop is set. You can repeat this operation
any number of times.

*  Tab clear. See note under “Tab stops,” above. To clear ALL
tab stops, press the 3 key.

*  TLocal mode. The MINC terminal can operate in two modes,
local and remote. In the former, the screen image can be modi-
fied by operating the keyboard, but no data is transmitted to or
received from the MINC system. In the latter, anything dis-
played on the screen (even the characters that you type) are re-
ceived from a remote source — in this case, the MINC system.
Since a terminal that will operate properly in local will nor-
mally operate properly in remote mode, local mode is useful for
confirming that display problems are not the fault of the ter-
minal.

To put the terminal in local mode, press the 4 key. This action
will turn on the LOCAL lamp at the top of the keyboard. If you
leave setup mode with the terminal set to local, the characters
you type will appear on the screen but will not be sent to the
MINC system.

The normal MINC terminal operating mode — allowing stan-
dard communication with the MINC system — is on-line. To re-
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turn to on-line mode, press the 4 key again. This will cause the
lamp to turn on.

*  Screen width. The 9 key controls the width of the screen in
columns. Press this key and observe that the ruler along the bot-
tom of the sereen changes. The screen is now 132 columns wide.
Press the key again and the ruler reverts to its normal width of
80 columns. THE NORMAL 80-COLUMN WIDTH IS EX-
PECTED INITIALLY BY MINC GRAPHIC ROUTINES.
Note that character data is lost from the character storage area
when the 9 key is pressed.

*  Terminal test. The 0 key starts a test procedure inside the

" MINC terminal which checks the keyboard and portions of the

the terminal’s memory. Pressing this key generates a rapid se-
ries of character displays on the screen. If the test issuccessful, it
ends by restoring the permanent setup mode parameters (see
the next item) and exiting from setup mode.

If the test fails, error information is generated on the keyboard
lamps and the terminal screen. See Chapter 13 for more infor-
mation.

NOTE

Pressing the 0 key also erases any text that was in the ter-
minal character storage memory before you entered setup
mode.

*  Saving Setup Conditions. The SHIFT/S key saves in the
terminal’s control memory whatever terminal conditions are
currently specified. These parameters will remain in the control
memory even when the terminal is turned off. Saved parame-
ters are restored when the power is turned on again, at the com-
pletion of the terminal test, and when you press SHIFT/R in
setup mode. -

NOTE

Be careful with the SHIFT/S key. Do not save setup mode
parameters unless you are sure that they will not interfere
with the needs of other users of the MINC system. See Fig-
ures 50 and 51 for standard MINC parameters.

*  Restoring Previously Saved Setup Conditions. The SHIFT/R
key RESTORES to control memory whatever operating param-
eters have been previously saved — in the case of a new machine
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on which no variant parameters have been saved, those shown in
Figures 50 and 51.

*  Answer back message. SHIFT/A elicits “A=" from the ter-
minal, after which the user of certain non-MINC systems may
enter an answer back message for system use. This feature is not
used by the MINC system. If you inadvertently type SHIFT/A,
respond to “A=" with a carriage return.

Setup B

The remaining features of setup mode are accessed by means of
Setup B, which you enter by pressing the 5 key. This causes the
screen to display the pattern shown in Figure 51. You can re-
store the Setup A display by pressing the 5 key a second time,
but leave the secondary display on the screen while you read the
following.

~\

To £EIT BRESS "SCTUpT

SCROLLING MODE
AUTOMATIC REPEAT
BACKGROUND SHADE
CURSOR MODE

RIGHT MARGIN TONE
KEYCLICK

ESCAPE SEQUENCE
XON/XOFF

CHARACTER CODE
AUTOWRAP

LINE FEED INTERPRETATION
INTERLACING

}TRANSMIT AND RECEIVE PARITY
NUMBER OF BITS/CHARACTER
/7/ LINE FREQUENCY SELECTION

Figure 51. Setup B Display

NOTE

If you wish only to verify that your terminal is properly set
up for MINC programming, compare the Setup B display
on your screen with Figure 51, which shows a set of values
that is compatible with all MINC routines.

If your screen reveals a different setup from that indicated 89
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in Figure 51, press SHIFT/R and then press the 5 key
again. If your setup still differs from that defined in Figure
51 in some positions, reset these positions according to the
instructions in this section.

Notice that, in setup B, the cursor is located at the left end of the
groups of 0s and 1s at the bottom of the screen. Each of these
digits represents what amounts to an on-off switch, with 0 sig-
nifying off and 1 signifying on. To control the remaining setup
mode parameters, move the cursor until it is located over a digit
you want to change; then press the 6 key. This action changes the
number under the cursor either from 0 to 1 or from 1 to 0. Num-
bering of groups and digits within groups is from left to right
and begins with 1.

The effect of each control digit in setup B is discussed below.
Control digits are identified for quick reference in Figure 51.

* Scrolling mode. Digit 1 of group 1 controls scrolling mode. If
the scrolling digit is 0, the terminal scrolls by jumping each line
of characters up one line. If the scrolling digit is 1, the terminal
serolls with a smooth continuous movement of all affected lines.
Set this digit to 1 on all MINC systems.

*  Automatic repeat. Digit 2 of group 1 controls the automatic
repeat feature for the terminal keys. If this digit is 1, keys will
repeat automatically if you hold them down instead of depress-
ing them momentarily. If this digit is 0, keys do not repeat. You
may choose the setting that you find most convenient.

*  Background shade of screen. Digit 3 of group 1 controls the
figure-ground relationship of characters on the screen. If this
digit is 0, the screen displays black characters on a white back-
ground. If the digit is 1 (the normal setting), the terminal
displays white characters on a black background. MINC
GRAPHIC ROUTINES INITIALLY EXPECT BLACK
BACKGROUND SHADING.

*  Cursor mode. Digit 4 of group 1 controls cursor mode. When
this digit is 0, the cursor appears as a flashing underscore char-
acter. When this digit is 1, the cursor is a flashing white square
on a black ground or vice versa. You can use either setting with
MINC.

*  Right margin tone. Digit 1 of group 2 controls the right mar-
gin tone. When this digit is 1, a tone sounds when your typed line
comes within eight columns of the right margin. The tone does
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not sound if this digit is 0. You can use either setting with MINC.

*  Keyclick. Digit 2 of group 2 controls the “keyclick” feature of
the terminal. If the digit is 1, any keystroke on the terminal
produces an audible click. This click provides audible feedback
for users who are accustomed to typewriters. If the digit is 0, all
the keys are silent. You can use either setting with MINC.

*  Kscape sequence mode. Digit 3 of group 2 MUST beset to 1,
to comply with the ANSI standard for escape sequences. THIS
SETTING IS REQUIRED BY MINC. (If the digit is 0, the ter-
minal emulates the escape sequences used by DIGITAL’s VT52
terminal, and MINC routines will not function properly.)

*  Automatic XON/XOFF. Digit 4 of group2 MUST besettol,
enabling this feature. REQUIRED FOR ALL MINC OPERA-
TIONS. (With this feature enabled, the processor is automati-
cally commanded to interrupt data transmission when the data
handling speed of the terminal is exceeded. When the terminal
catches up, the processor is automatically commanded to re-
sume data transmission.)

*  Character code selection. Digit 1 of group 3 MUST beset to0,
for ASCII code. REQUIRED FOR ALL MINC OPERATIONS.
(A setting of 1 selects the United Kingdom code, which is incom-
patible with the MINC routines.)

*  Autowrap feature. Digit 2 of group 3 MUST be set to 1, en-
abling this feature. (A setting of 1 causes all lines exceeding the
width of the screen to “wrap around” to the following line and
thus permits displaying lines whose length exceeds the selected
screen width.)

* Interpretation of LINE FEED key. Digit 3 of group 3 MUST
be set to 0. REQUIRED FOR ALL MINC OPERATIONS. (The
0 setting creates a single line feed character in response to a
LINE FEED keystroke. A setting of 1 adds a carriage return
character as well, causing the LINE FEED key to be inter-
preted as a “new line” function.)

* Interlacing. Digit 4 of group 3 controls the number of scan
lines on the sereen. If you look closely at characters on the screen,
you can see the scan lines running through them. If this digit is 0,
there are 240 scan lines between the top and bottom of the
screen. If this digit is 1, an additional 240 lines are interlaced
between the normal lines. If you set digit 4 to 1, you can see that
interlacing makes characters look smoother, since more lines
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are being used to make characters of the samesize. However, in-
terlacing may cause aslight jittering of the screen image; this is
a normal property of interlacing. Interlacing is useful when you
are photographing the screen, since it effectively reduces the
amount of undefined space within each character and thereby
increases character definition. You can use either setting with
MINC.

*  Transmission and reception parity. Set both digits 1 and 2 of
group 4 to 0. REQUIRED FOR ALL MINC OPERATIONS.

*  Number of bits per character. Digit 3 of group 4 MUST be
set to 1 to indicate that the character code is 8 bits long. RE-
QUIRED FOR ALL MINC OPERATIONS.

* Line frequency selection. Setting digit 4 of group 4 to 0 con-
figures the terminal appropriately for a 60-Hz AC line; setting
this bit to 1 configures the terminal for a 50-Hz line. American
users should set this digit to 0.

*  Transmission speed of terminal (T SPEED). If you hold the 7
key down,T SPEED displays a range of baud rates from 50 to
19,200. TSPEED MUST be set to 9600. REQUIRED FOR ALL
MINC OPERATIONS.

*  Reception speed of terminal (R SPEED). Controlled simi-
larly to T SPEED, but with the 8 key. RSPEED MUST besetto
9600. REQUIRED FOR ALL MINC OPERATIONS.

Now return your terminal to normal operation by pressing the
SETUP key again. Be sure that you have left all the setup mode
parameters in their required states (see Figures 50 and 51).



CHAPTER 10

CONNECTIONS TO EXTERNAL

Each MINC connector block accommodates up to 24 connections
between any given laboratory module and external apparatus.
Connector blocks are keyed to prevent attachment to modules
not of their own type.

Wire Preparation. Stranded and insulated 22 gauge wire is
generally best for MINC connections, although the connector
blocks will accommodate larger and smaller gauges. Strip ap-
proximately 1/4 inch (6.5 mm) of insulation off the end of each
wire to be connected, twist the exposed strands tightly together,
and tin the exposed portion with resin-core solder (see Figure
52).

STRANDED 22
GUAGE WIRE

RESIN-CORE
SOLDER

HEAT WIRE END UNTIL
SOLDER FLOWS

MR-1526

Figure 52. Preparing Wire for MINC Connector Blocks

APPARATUS

USING THE MINC
CONNECTOR
BLOCKS
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Note that several ground wires must often share a single ground
terminal. When such sharing can be anticipated, do not tin these
wires until all wires destined to share a ground are available.
Then strip approximately 1/2 inch (13 mm) of insulation from
each wire, twist wires together to form a single tip, and tin the
tip with solder.

Wire Installation. Select appropriate terminal (embossed
numbers on bottom of connector block match terminal numbers
on the top decal) and turn holding screw counterclockwise until
bare wire portion can be fully inserted beneath screw. Insert
wire end and turn down holding screw until tight. See Figure
53.

TWISTED TOGETHER,

GROUND
WIRES (STRIPPED, CONNECTOR BLOCK (BOTTOM VIEW)
AND TINNED)

SIGNAL WIRES
(STRIPPED AND
TINNED)

MR 1530

Figure 53. Installing Wires in MINC Connector Block

Strain Relief. When all wires are connected, dress wires to-
ward the rear of the connector block and install tie wrap (sup-
plied in the Interface Kit) as shown in Figure 54. Cut off excess
tie wrap tail.

Test equipment required.:
*  Function generator with sine and square wave out-
puts, output range to at least 5 V, frequency range 1/2
to 100 Hz.

*  Volt-ohm meter or equivalent with DC range capable
of clearly indicating 2.5 volts.



&
\NYLON TIE WRAP

MR-1527

Figure 54. Strain Relief on the MINC Connector Block

The two biggest sources of confusion in the setting up and main-
tenance of complex interactive MINC/laboratory systems lie in
the possibility of defective electrical connections and in the
user’s losing track of the destination or origin of wires attached
to the MINC system. You can minimize the likelihood of the sec-
ond problem by careful labeling of input/output wires and by
careful record keeping as recommended in “Mapping Lab Mod-
ule Connections” in this chapter. As systems grow complex,
however, you will encounter situations in which there is some
question about what external instrument is connected to what
MINC device and about whether or not appropriate signals are
being generated or received by the MINC system.

EXTERNAL CONNECTIONS
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The procedures that follow are designed to permit you to isolate
any input or output line on a MINC system and derive unam-
biguous information about MINC’s relationship to that line. If
the program described in each procedure does not produce the
indicated results, four explanations are possible:

1. Youarenot connected to the line you think you are
connected to.

2. Connections at one or both ends of the line in
question are bad.

The line itself is broken or intermittent.

4. The MINC module involved is malfunctioning.

Do not jump prematurely to the conclusion that alternative 4 is
the case. First, eliminate the uncertainties introduced by long
cabling by making short, direct connections to the terminal in
question and executing the procedure again. Only when this too
fails should you assume that there may be a problem with the
MINC hardware. See Chapter 13 for information dealing with
hardware problems.

Turn off the system and make connections as described below.
Then, insert a MINC demonstration diskette into SYO0: and start
the system as described in Book 3, Start Procedures. After the
sytem displays READY, run the selected program by typing
“RUN filespec.”

1. Select wireor cable suitable for the intended source and con-
nect one end to the relevant A/D group connector block (see
Chapter 2 for a review of A/D inputs; see Chapter 11 for in-
formation affecting the choice of wire and cable.) Do not con-
nect the other end to its intended destination at this time. In-
stead, connect to the function generator as shown in Figure
55.

2. Set function generator as shown in Figure 55 and install
single-ended strap (if required) in the connector block in-
volved.

3. Ifinputistoa preamplifier, set mode control to “V” and gain
control to “10.”

4. Run A/D connection confirmation program (A/DCON) as
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described in “Running Connection Confirmation Programs”
above, and answer questions as appropriate. After the last
question has been answered, you should see a waveform
similar to that shown in Figure 56 scrolling from right to
left across the terminal screen.

S ——
FUNCTION GENERATOR O /@$
@ SIGNAL
24
RET
18
CABLE APPROPRIATE
TO SITUATION (SEE
WIRE AND CABLE
SELECTION)
12
6 CONNECT AS INTENDED
SOURCE WILL REQUIRE
1
A/D GROUP CONNECTOR
BLOCK
LEVEL/OFFSET . TO MATCH THAT OF
INTENDED SOURCE
FREQUENCY : 0.5 HZ
WAVEFORM : SINE OR TRIANGULAR WAVE
MODE : GROUNDED OR FLOATING
(MATCH MODE OF INTENDED
SOURCE’ MR-1501

Figure 55. Confirming A/D-group Inputs

If this procedure fails to produce an appropriate waveform im-
age, the fault most probably lies in faulty connections. You may
want to review appropriate sections of Part 1, particularly those
dealing with A/D group connector block labeling. If all else

fails, see Chapter 13. 97
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When you have satisfactorily confirmed connection to and
operation of the selected channel, halt the program by typ-
ing CTRL/C twice, disconnect the function generator, and
connect the intended apparatus. Then repeat steps 1 to 4
with any remaining channels. To avoid confusing interac-
tions, make sure that all external apparatus except the fune-
tion generator is turned off until you have finished confirm-
ing lab module connections.

4 )

/

MR-1927

Figure 56. ADCON Display

Select a wire pair of sufficient length to reach the intended
source and connect one end to the selected Schmitt trigger
input on the clock connector block. Do not connect the other
end to its intended destination at this time. Instead, connect
it to the function generator as shown in Figure 57. Make
sure there are no connections to the front panel Schmitt trig-
ger terminals. If you intend to make Schmitt trigger connec-
tions via the front panel connectors rather than the connec-
tor block, make sure that no conflicting connections are

made to the Schmitt trigger terminals on the connector
block.

2. Set the function generator as shown in Figure 57.
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3. Set the selected Schmitt trigger to TTL (slope polarity does
not matter).

[

FUNCTION GENERATOR @ /0

24 SIGNAL ~—0
S~ RETURN
0
18

TO REQUIRED
S.T. INPUTS™

CLOCK CONNECTOR BLOCK
FUNCTION GENERATOR SETTINGS:

LEVEL . 4 VOLTS PEAK-TO-PEAK (0 TO +4 VOLTS)
FREQUENCY: 0.5-1.0 HZ

WAVEFORM : SQUARE
MODE . ELOATING (NO CONNECTION BETWEEN RETURN TERMINAL

AND POWER LINE GROUND)

*ALTERNATIVELY MAY BE
ROUTED TO FRONT PANEL CAUTION: Input levels to ST input
TERMINALS. terminals must not exceed + 30 V.

MR-1603

Figure 57. Confirming Schmitt Trigger Inputs

4. Run the Schmitt trigger input confirmation test (STCON)
as described in “Running Connection Confirmation Pro-
grams,” above. The system should print “Schmitt trigger n”
on the terminal screen with each cycle from the function
generator. If this does not oceur, recheck your connections
and control settings. If all else fails, see Chapter 13.

When you have satisfactorily confirmed connection to and
operation of the selected Schmitt trigger, halt the program 99
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analog gnd 14

by typing CTRL/C twice, disconnect the function generator,
and connect the intended apparatus. Then repeat Steps 1 to
4 with the remaining Schmitt trigger if that is necessary. To
avoid confusing interactions, make sure that all external ap-
paratus except the function generator is turned off until you
have finished confirming lab module connections.

Select wire or cable suitable for the intended application
and connect one end to the D/A connector block as illus-
trated in Figure 58 (see Chapter 4 for review of D/A outputs;
see Chapter 11 for information affecting the choice of wire
and cable). Do not connect the other end to its intended des-
tination at this time. Instead, connect it to the voltmeter as
shown in Figure 58.

Set VOM as indicated in Figure 58.

. B

VOLTMETER

COoM DCV*
p-__ B
VOM SETTING:

DC VOLTS 5-10

CONNECT SIGNAL
LEAD TO DESIRED
D/A CHANNEL

12

D/A CONNECTOR BLOCK

MR-1504

Figure 58. Confirming D/A Outputs
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Set selected D/A converter channel to unipolar 0-5 volts.

Run the D/A connection confirmation program (DACON)
as described in Running Connection Confirmation Pro-
grams, above. Answer questions as required until program
enters its D/A outputting segment. If connections are
properly made, the VOM indicator needle will move be-
tween 0 and approximately +5 volts once every second. If it
does not, recheck your connections and control settings. If
you are unclear about D/A channel allocation or control set-
tings, review Chapter 4. If all else fails, see Chapter 13.

When you have satisfactorily confirmed connection to and
operation of the selected channel, halt the program by typ-
ing CTRL/C twice, disconnect the VOM, and make connec-
tions to the intended apparatus. Then repeat Steps 1 to 4
with any remaining channels. To avoid confusing interac-
tions, make sure that all external apparatus is turned off un-
til you have finished confirming lab module connections.

Signals to Digital Input
Units

Select wire pair of sufficient length to reach the intended ex-
ternal instrument, and connect one end to a selected line
logic gnd terminal on the digital input connector block. Con-
nect the other ends to the function generator, as shown in
Figure 59. (See Chapter 5 for review of digital input unit
functions; see Chapter 11 for information affecting the
choice of wire and cable.)

Set function generator as indicated in Figure 59.

Run digital input connection confirmation program
(DICON) as described in Running Connection Confirmation
Programs, above, and answer its questions about desired
unit and line number.

If connections are properly made, the phrase “transition de-
tected” should be displayed on the terminal screen with each
cycle from the function generator. If this does not occur, re-
view your connections and control settings. You may wish to
review the portion of Chapter 5 dealing with the digital in-
put unit. If all else fails, see Chapter 13.

When you have satisfactorily confirmed connections to the
selected input terminal, halt the program by typing 101
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CTRL/C twice, disconnect the signal generator and connect
to the intended apparatus. Then repeat Steps 1 to 4 for any
remaining digital input connections. To avoid confusing in-
teractions, make sure that all external apparatus is turned
off until you have finished confirming lab module conneec-
tions.

oOTr—T
FUNCTION GENERATOR @ /—_@
o)

SIGNAL —__

™~ RETURN

CONNECT TO
DESIRED LINE
TERMINAL

logic gnd 12

DIGITAL INPUT
CONNECTOR BLOCK

FUNCTION GENERATOR SETTINGS:

LEVEL : 4 VOLTS PEAK-TO-PEAK (0 TO +4 VOLTS)

FREQUENCY: 0.5-1.0 HZ

WAVEFORM : SQUARE

MODE : FLOATING (NO CONNECTION
BETWEEN RETURN TERMINAL CAUTION: Input levels must not
AND POWER LINE GROUND) exceed -16 or +20 Volts.

MR-1505

Figure 59. Confirming Digital Input Connections

1. Select a wire pair of sufficient length to reach the intended
external apparatus. Connect one end of the pair to a user
ground terminal and a selected output line terminal on the
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chosen digital output connector block. Connect the other
ends tothe VOM, as shown in Figure 60. (See also the portion
of Chapter 5 dealing with the digital output unit.)

2. Set VOM as indicated in Figure 60.

VOM

VOM SETTING:
DC VOLTS: +5 OR +10 ©

SIGNAL LEAD
TO SELECTED
LINE TERMINAL

MR-1506

Figure 60. Confirming Digital Output Connections

3. Run the digital output connection confirmation program
(DOCON) as described in Running Connection Confirma-
tion Programs, above, and answer questions about desired
unit and line numbers. If you have made the proper connec-
tions, the VOM indicator needle will deflect to approxi-
mately 4 volts once a second. If this does not occur, review
your connections, control settings, and responses to test pro-
gram questions. If all else fails, see Chapter 13. 103
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4. When you have satisfactorily confirmed connections to the
selected output terminal, halt the program by typing
CTRL/C twice, disconnect the VOM and connect the in-
tended apparatus. Then repeat steps 1 to 4 for any remain-
ing digital output connections. To avoid confusing interac-
tions, make sure that all external apparatus is turned off
until you have finished confirming lab module connections.

Each MINC laboratory module can accept as many as 24 wires
from external apparatus, and MINC systems can accommodate
as many as 8 modules. The result is that a MINC system can be-
come the focal point for a formidable array of wires and cables
— and can therefore become an open invitation to chaos in the
absence of orderly record keeping.

One aid to maintaining clarity about specific connections is that
of labeling cables and wires to indicate at each end what is con-
nected at the other. This procedure helps to eliminate erroneous
connections, but it does not assist the user who must write pro-
grams for a given system — particularly if this must be doneata
site remote from the system itself.

For this reason the following pages contain reproducible config-
uration record forms that permit you to build a complete map of
system data transfer connections and control settings. A limited
number of these forms, perforated for easy detachment, is
bound in the back of this manual. Remove one of these forms for
each module in your system, tape the forms together in the same
sequence as that of the modules in the MINC chassis, and fill all
appropriate blanks and boxes. The resulting assembly can be
accordian-folded for easy storage, but will allow quick access to
information about any module.



Application

Program Name

Date

MINC System Configuration
Record

Using System Configuration Forms:

Tear out one record form for each lab module in
the system and tape forms together in the same

sequence as that of the modules in the MINC chassis.

Fill out all appropriate blanks to identify system
interconnections, and check all appropriate boxes
to identify required switch settings. Accordion-fold
the map thus constructed with this sheet serving as
a cover.

PREAMPLIFIER

UNIT NO

CONNECTOR BLOCK

Term
No Function Connected to
24 INTR OUT
23 logic gnd
22 hold ch d
21 hold ch ¢
20 hold ch b
19 hold ch a
18 logic gnd
17 analog gnd
16 +15T
15 —15T
14 R TEST -
13 R TEST +
12 analog gnd
1 chd-
10 chd+

9 analog gnd

8 chc-

7 chc+

6 analog gnd

5 chb-

4 chb+

3 analog gnd

2 cha-

1 cha+

FRONT PANEL

(indicate selected switch settings)




DUAL MULTIPLEXER
UNIT NO

CONNECTOR BLOCK

Term
No Function Connected to
24 logic gnd
23 Ba-h s.e.
22 -15T
21 analog gnd
20 Bchh/rtd
19 Bchd
18 Bchg/rtc
17 Bchec
16 Bchf/rtb
15 Bchb
14 Bche/rta
13 Bcha
12 logic gnd
" A a-hs.e.
10 +156T
9 analog gnd
8 Achh/rtd
7 Achd
6 Achg/rtc
5 Achc
4 Achf/rtb
3 Achb
2 Ache/rta
1 Acha

A/D CONVERTER
UNIT NO

CONNECTOR BLOCK

Term

No Function Connected to
24 +15T

23 -15T

22 analog gnd

21 analog gnd

20 logic gnd

19 ext start

18 logic gnd

17 8—15s.e.

16 ch 15/rt 11

15 ch 11

14 ch 14/rt 10

13 ch 10

12 ch 13/rt 9

1 ch 9

10 ch 12/rt 8

9 ch 8

8 analog gnd

7 ch7

6 analog gnd

5 ch 6

4 analog gnd

3 ch 5

2 analog gnd

1 ch 4

FRONT PANEL
(indicate selected switch settings)

0
enc POT rest

©
©

-

POT

]
z
[e]
-
m
»
41

@
©

N

NC POT

]
-
m
]
=~

€
©

POT

o
z
O
-
m
]
-

@



D/A CONVERTER DIGITAL OUTPUT
UNITNO___________ UNIT NO
CONNECTOR BLOCK CONNECTOR BLOCK
Term Term
No Function Connected to No Function Connected to
24 +15T 24 EXT VOLT
23 -15T 23 user gnd
22 BIT3L 22 HB STRB
21 BIT2L 21 D15
20 logic gnd 20 D14
19 BIT1L 19 D13
18 logic gnd 18 D12
17 BITOL 17 D11
16 logic gnd 16 D10
15 BIT3H 15 D09
14 logic gnd 14 D08
13 BIT2H 13 +5 V ref
12 logic gnd 12 logic gnd
11 BIT1TH 11 RPLY
10 logic gnd 10 LB STRB
9 BITOH 9 D07
8 analog gnd 8 D06
7 DAC 3 7 D05
6 analog gnd 6 D04
5 DAC 2 5 D03
4 analog gnd 4 D02
3 DAC 1 3 Do1
2 analog gnd 2 D00
1 DAC O 1 user gnd
FRONT PANEL FRONT PANEL
{indicate selected switch settings) (indicate selected switch settings)
reply
0 923 _o-10 2 98 o E] *
@ @
EI -
1 0-5 0-10
@




DIGITAL INPUT
UNIT NO

CONNECTOR BLOCK

CLOCK
UNIT NO

CONNECTOR BLOCK

Term
No Function Connected to
24 EXT VOLT
23 logic gnd
22 PGM OUT
21 D15
20 D14
19 D13
18 D12
17 D11
16 D10
15 D09
14 D08
13 +5 V REF
12 logic gnd
1" REPLY
10 STROBE
9 Do7
8 D06
7 D05
6 D04
5 D03
4 D02
3 D01
2 DOO
1 logic gnd

FRONT PANEL
(indicate selected switch settings)

data

O d

strobe

O

+

[

oY

Term
No Function Connected to
20 logic gnd
19 100 Hz
18 logic gnd
17 1 KHz
16 logic gnd
15 10 KHz
14 logic gnd
13 100 KHz
12 logic gnd
11 1 MHz
10 logic gnd
9 overflow
8 logic gnd
7 ST2 0UT
6 logic gnd
5 ST2IN
4 logic gnd
3 STt1OUT
2 logic gnd
1 ST1IN
FRONT PANEL
st1 @ [
[J var
|:| D Slope +
SLOPE D Slope -
st2 @ ]
u [] var
D D Slope +
SLOPE [:] Siope -
st1
st2
OVERFLOW




CHAPTER 11

NOISE IN ANALOG
TRANSMISSIONS

From the point of view of MINC data transfer, noise is any elec-
trical manifestation that interferes with the accuracy or relia-
bility of data or control transmissions. Digital transmissions are
in general much less prone to noise problems than are analog be-
cause digital transmission levels are relatively high, impe-
dances are low, and digital devices by design have a relatively
high tolerance for noise. Analog transmissions, however, often
require high precision or occur at low voltage levels. Moreover,
source impedances on external analog apparatus are often rela-
tively high and associated circuits display a correspondingly in-
creased susceptibility to noise pickup.

In general, electrical noise problems are increased in proportion
to the distance over which signals are transmitted. One of the
reasons that MINC was designed as a roll-around system was to
enable users to situate the system close to the devices with which
it must communicate. “Close” in this case means 7.5 meters or
less. The discussion that follows assumes that all connections to
external analog and digital apparatus involve no more than 7.5
meters of wire or cable. Under these conditions, digital trans-
missions should be free from noise pickup without special
shielding precautions in all but the most extreme cases. Analog
transmissions, particularly inputs to the A/D group, may re-
quire attention as described below.

For the purposes of the MINC user, electrical noise can be classi-
fied into six categories: electrostatic, magnetic, common-mode
(ground-loop), crosstalk, multiplexer, and residual.

109



MINC DEVICES

ELECTROSTATIC
NOISE

110

AC voltage sources such as power lines, transformers, lightning,
and digital logic components, to name only a few, can become ca-
pacitively coupled to signal leads to a degree determined di-
rectly by the combined areas of the radiating and receiving sur-
faces and inversely by the distance separating them. Whether
the noise thus coupled to the signal line is objectionable or not
depends on a number of factors. Among these are the level of the
radiating signal, the impedance of the circuit involved, and the
level defined as objectionable by the application. Other things
being equal, a low-level electrostatic source has less influence
than a high-level one; a low-impedance circuit is less influenced

FLOATING
SOURCE

FLOATING
SOURCE

GROUNDED

= GROUNDED SOURGE

SOURCE

SINGLE- SINGLE-

ENDED
INPUT
(SHIELD
CONNECTED AT
BOTH ENDS}

DIFFERENTIAL
INPUT ENDED
(SHIELD INPUT

CONNECTED (SHIELD
AT MING CONNECTED

END ONLY) AT SOURCE
END ONLY}

o

analog gnd 21

DIFFER-

ENTIAL

INPUT

{SHIELD
CONNECTED AT
SOURCE END ONLY)

analog gnd 6

1

MR 1507

Figure 61. Use of Shielded Lead to Reduce Electrostatic Noise
Pickup

M] O

A/D GROUP CONNECTOR BLOCKS



by a given level of electrostatic interference than a high-
impedance circuit; and an application attempting to make pre-
cise measurements of a 1-millivolt signal will be more troubled
by electrostatic noise than one dealing with a 1-volt signal in the
same noise environment.

The most effective way of reducing electrostatic noise pickup is
tointroduce a grounded barrier between the electrostatic source
and the signal wire(s) involved. This is most conveniently done
by means of shielded leads as shown in Figure 61. Such leads are
commercially available in single and multiple conductor form,
and employ braided or twisted wire or metal foil as shield mate-
rial. Note that shielding is effective when grounded at only one
end and that it is generally necessary to make such one-sided
connections to avoid ground loops (see “Ground Loops,” below).
Only when the shield constitutes the only return path from or to
a floating instrument is the shield connected at both ends.

Whenever an electric current passes through a conductor, it
generates a magnetic field concentric with the conductor. The
strength of this field is directly proportional to the magnitude of
the current and inversely proportional to the distance between
the conductor and any reference point. Electric motors, genera-
tors, solenoids, and the like generate magnetic fields of consider-
able strength.

When any portion of an analog signal wire lies in a magnetic
field generated by an alternating current, the field induces an
opposing alternating current in the wire. This current flows
through the impedances of the circuits to which the wire is at-
tached and generates noise voltages that are superimposed on
whatever signal the circuit normally carries.

The sort of shielding that is effective against electrostatic noise
has virtually no effect against magnetic noise. The most effec-
tive defense here is the use of commercially prepared twisted
pair conductors. Twisting, illustrated in Figure 62, replaces the
single loop created by the signal and return line with a series of
small loops. The noise pickup of any given loop in the series tends
to be cancelled out by the opposing pickup of neighboring loops.
The net result is a significant overall reduction in magnetic
noise pickup.

Note that both shielding and twisting can be used simulta-
neously when both electrostatic and magnetic influences con-
tribute to noise problems. See Figure 16.

NOISE

MAGNETIC NOISE
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GROUNDED SOURCE

—=—5 +

—2n -

FLOATING SOURCE

ch 15/rt11 16 B
ch 11 15

anal gnd 2
ch4 1

MR-1508

Figure 62. Use of Twisted Pair Leads to Reduce Magnetic
Noise Pickup

SINGLE-ENDED

We can say of most factory and laboratory line voltage grounds
what someone has said of citizens in certain democracies: all are
equal, but some are more equal than others. This problem is par-
ticularly marked when two line-powered devices are connected
to outlets at some distance from one another. In these circum-
stances you may encounter differences in ground potential rang-
ing from a few millivolts to several volts, depending on the char-
acter of the wiring and on the size of the loads sharing the power
line ground system.



Such differences in ground potential can become significant
even when high precision or low level signals are not an issue.
Figure 63 illustrates the problem. The difference in ground po-
tential between the two devices appears as a voltage generator
whose output adds to that of the generating device. This noise
component will occur predominantly at the line frequency, but
may contain transients of almost any sort, depending on the
equipment that generated the ground potential difference in the
first place.

UNITY GAIN SINGLE-ENDED

RECEIVING DEVICE

(E.G., MINC A/D IN
SINGLE-ENDED MODE)

GENERATING DEVICE r— — 7

— . —— M- — — — —

1 |
= L vy =
N

Vg = SOURCE VOLTAGE Vg=Vg+Vy
VQ = OUTPUT VOLTAGE
VN = NOISE VOLTAGE 1500

Figure 63. Common-Mode Noise Pickup

Clearly, the first step in reducing common mode noise of the
kind described above is to connect the MINC system to an outlet
as close as possible to that which supplies power to the periph-
eral instruments. This may not eliminate common mode noise
problems altogether, but it should reduce them to the point
where the next step will do so. The next step is differential oper-
ation as described later in this section.

Ground Loops. A variant on the case in which common mode
noise is generated in power line grounds by devices unrelated to
the MINC system may occur when two MINC data transfer cir-
cuits share a common local return path and thereby interfere
with one another. A typical situation of this sort is shown in Fig-
ure 64. Here, return currents generated in one circuit develop
voltages (commonly called ground loop voltages) across the re-
sidual impedances of the return path. These are picked up as
common mode noise by the other circuit. Ground loop voltages of
this sort become a problem when heavy-current and/or high-
frequency devices (such as the digital out unit) share a common
return path with high gain and/or high resolution devices such
as preamplifiers and A/D converters.

NOISE
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MINC A/D
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VGND = GROUND LOOP VOLTAGE
RGND = RESISTANCE DISTRIBUTED IN GROUND PATH
| RELAY = CURRENT DRAWN BY RELAY

MR-1511

Figure 64. Typical Ground Loop Conditions

The primary cure for locally generated common mode noise is to
eliminate or avoid shared return paths between analog and digi-
tal modules and their external apparatus. Where practicable, it
is good practice to float external apparatus and use a dedicated
wire for signal return rather than the power line ground, which
may be carrying return currents of other apparatus. In situa-
tions that do not permit floating an external piece of apparatus,
it sometimes helps to provide a dedicated signal return wire (as
short and heavy as practicable) between the external apparatus
and the related MINC connector block ground terminals.

The big gun in your arsenal of defense against common mode
noise in A/D conversion is the differential capability of the
MINC A/D group modules. Differential and single-ended input
devices differ in several respects: a single-ended device has one
active input terminal and responds to the instantaneous differ-
ence in potential between this input and ground. The differen-
tial device, however, has two active input terminals (+ and -),
neither of which is connected to ground, and responds to the in-
stantaneous difference in potential between the two terminals.



Figure 65 shows a differential input device such asa MINC A/D
converter operating in the context of the same common mode
voltages assumed in Figure 63.
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Figure 65. Common Mode Noise Voltages Input to a
Differential Device

Since the noise in the power line ground system is common to
both the + and the - terminals of the receiving device, and since,
in differential mode, the receiving device responds only to volt-
age differences between these terminals, the ground system
noise is canceled out.

The above discussion is accurate for true differential input de-
vices such as the MINC preamplifier, but it somewhat oversim-
plifies the way in which the MINC A/D handles differential op-
erations. For most cases in which the common mode noise con-
sists mainly of line frequency artifacts, however, the above
statements should not be seriously misleading. See Glossary,
“Differential,” for more details.

Crosstalk occurs when wires carrying unrelated signals lie
within close proximity to one another (as happens when multi-
wire cable is used or when groups of wires are bundled together
for some distance). In such circumstances, the signal in one wire
will sometimes be coupled by electrostatic and/or magnetic ef-
fects into an adjacent wire and become mixed with the signal in
the adjacent wire. Crosstalk most frequently occurs when a wire
carrying a low-level and/or high-impedance signal lies close to a
wire carrying a high-level and/or low-impedance signal.

NOISE

CROSSTALK NOISE
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Two cures for the crosstalk problem are like those for electro-
static and magnetic pickup; shielding and twisting either the ra-
diating or the receiving wires — or in extreme cases, both. It is
sometimes simpler to isolate sensitive wires (that is, those carry-
ing low level and/or high impedance signals) from other wires in
the interfacing connections — particularly from wires driving
power-consuming devices such as relays or lamps.

All solid state multiplexers inject a small amount of charge into
their input lines when changing channels, causing a transient
error voltage that is discharged by the input signal’s source im-
pedance. MINC multiplexers manifest this characteristic, and
also inject a small charge into the selected input line at the end of
each conversion when the auto-zero* switch is turned off. After
any channel change and after any conversion, the A/D’s control
logic allows approximately a 9-microsecond interval during
which conversions cannot start without generating error condi-
tions. Normally, this is sufficient time for the input transient to
settle out. However, more time may be needed when the multi-
plexer is switching into an input channel with high source impe-
dance, particularly when large amounts of shunt capacitance
exist in the interconnecting cables. Source impedance/cable
shunt capacitance products greater than 1 microsecond should
be avoided whenever conversions are to be made in fast mode at
maximum rate with maximum precision. This means that cable
shunt capacitance for a 1000 ohm source should not exceed 1000
pF (10° ohms * 10~ = 107° secs), that shunt capacitance for a 100
ohm source should not exceed 0.01 microfarad (10> ohms * 10% =
107° secs), and so on. Assuming twisted pair cable capacitance of
50 pF per foot, these constraints translate into a maximum run
of 20 feet from a 1000 ohm source. Note that settling errors can
be eliminated by increasing the time between conversions.

Atlow levels, electrical activity of the sort that we call noise is an
unavoidable characteristic of electron flow. Where electronic in-
struments are concerned, careful design can minimize the ef-
fects of noise, and its influence can be masked by operation at
relatively high current levels, but there is always a level below
which measurements are not accurately repeatable because of
noise.

The effects of this residual noise in the MINC A/D converter
contribute less than 1/2 a minimum voltage increment to any
conversion value. This means that successive readings from a
stable DC source (such as that selected by TEST on channels0, 1,



or 2) should not vary by more than one minimum voltage incre-
ment from conversion to conversion. The case is different, how-
ever, when a preamplifier set to relatively high gain is intro-
duced between a stable DC source and the A/D converter. When
a preamplifier is set to a gain of 500, a minimum voltage incre-
ment is equivalent to .000005 Volts (51 V). Even if external noise
reduction procedures were to be perfectly implemented, John-
son and other noise sources within the preamplifier itself would
cause successive conversions from a “stable” DC source to vary
by several minimum voltage increments. Since few sources are
stable in the microvolt range, and since noise reduction tech-
niques are by nature imperfect, considerable variation can be
regarded as normal when you are inputting to a preamplifier set
to a gain of 500. Noise contributions will diminish from this high
point as the gain of the preamplifier is reduced.

NOISE
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CHAPTER 12
PREVENTIVE MAINTENANCE

The MINC system is designed to work dependably in normal hu-
man environments without elaborate ongoing maintenance.
You may want to clean external surfaces occasionally with a soft
cloth dampened in a solution of mild detergent and water. Take
care that no water runs into the keyboard or any other subas-
sembly that houses electrical components.

Once a month, pull the system air filter out from behind the grill
on the right end of the MINC chassis. If it is dirty, rinse it in
warm water, allow it to dry, and replace it behind the grill. DO
NOT ALLOW THE SYSTEM AIR FILTER TO BECOME
CLOGGED. 119






CHAPTER 13
MINC SYSTEM

TROUBLESHOOTING

Trouble, for a MINC user, is any system response that violates
that user’s expectations about how the system should behave. In
order of probability, trouble tends to occur for the following rea-
sons:

1.

Programming errors. Much more often than not, trouble oc-
curs because you have issued incompatible or inappropriate
commands to the system. Assistance in identifying such er-
rors is provided in Book 2, Chapter 16. Make sure you fully
understand each command and routine that you use. Pay
particular attention to the Restrictions section associated
with the discussion of each data transfer routine in Book 6.

Data transfer connection errors. The next most likely source
of trouble — particularly on systems with complex data
transfer commitments — lies in connections that route in-
puts and outputs to locations that are different from what
you assumed at the time you wrote the control program. The
best cure for these troubles is to avoid them to start with by
careful mapping of data transfer connections and control
settings as recommended in Chapter 10 of this manual.
When you doubt the viability of specific connections, follow
the connection confirmation procedures, also described in
Chapter 10.
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Hardware trouble. This category can be reduced to two sub-
categories.

a) Trouble caused by improper hardware configuration. If
the MINC system is to operate correctly, all system intercon-
nections must be appropriately and completely made, all
circuit breakers and power switches must be on, all labora-
tory module address and vector switches must be set to the
proper conditions, and all modules must occupy contiguous
slots starting at the right side of the MINC chassis. More-
over, the system terminal must be set up with the proper
operating parameters. See Chapter 9.

b) Troubles caused by hardware malfunction. MINC sys-
tems are fabricated from high quality computer grade com-
ponents, and all electrical subassemblies are operated under
power for an extended period prior to final calibration and
testing. This screens out the vast majority of potential fail-
ures before the system ever leaves the factory. However, no
fault prevention procedure can be perfect, and, over a period
of time, faults may develop. For that reason, a variety of test-
ing and diagnostic aids are provided with the MINC system.
These are discussed below.

The BDV11 bootstrap/diagnostic module. This module oc-
cupies the leftmost slot in the MINC chassis and contains a
read-only memory program which, on powerup, automati-
cally tests the processor and memory, and then tries to initi-
ate system operation via the diskette drive (that is, it tries to
“bootstrap” the system from the diskette drive). If the pro-
gram fails in any of these efforts, it causes the diagnostic
lamps on the top edge of the board to display a pattern that
identifies the nature of the error. See Figure 66.

VT105 self-test. The Setup A 0 command (see Chapter 9)
causes the terminal to check the keyboard and its own mem-
ory. Errors are indicated by the keyboard lamps. This per-
mits you to identify most faults that might arise in the ter-
minal.

System diagnostics. Each MINC system is shipped with a
diagnostic diskette that permits you to cause the MINC pro-
cessor to exercise every component in the system and issue
error messages whenever a fault is found. These messages
can be recorded and saved for DIGITAL field service per-
sonnel.
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Figure 66. BDV11 Diagnostic Lamps

The following list enumerates the more common user-
correctable sources of trouble with the MINC system. These
should be checked first when the system fails to operate or oper-
ates in what appears to be a strange or sporadic fashion.

1.

2.

Main power cable is disconnected or loose.

Secondary power cables on the rear of the MINC cart

are disconnected or loose
nection information).

(see Figure 67 for cable con-

One or more circuit breakers on the rear of the MINC

cart are switched off (see
locations).

Figure 68 for circuit breaker

TROUBLESHOOTING

TROUBLESHOOTING
PROCEDURE

123
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4. A fuse has blown on the terminal or the MINC chassis.
To check for a blown fuse, disconnect the system
power cord, remove the fuse holder and visually in-
spect the fuse. If a fuse has blown, replace it with a
fuse of an identical rating and type, reconnect the
power cord, and turn the system on. If the fuse blows
again, call Digital Field Service.
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Figure 67. MINC Cable Connections

5. Signal cables are disconnected or loose (see Figure 67
for signal cable connection information).

6. Modules are improperly installed in the MINC chassis
(see Chapter 9 for system configuration information).

7. Modules are configured with inappropriate address/
vector switch settings (see Chaper 9 for further infor-
124 mation).



8. Data transfer connector block(s) are not seated pro-

10.

11.

12.

13.

perly.

External apparatus is not operating according to ex-
pectation and is monopolizing or overrunning the sys-
tem.

FUSE
(3AB 10 A FAST BLOW, 250 V)

MINC POWER
SWITCH

DISK DRIVE
CIRCUIT BREAKER

MASTER SYSTEM
CIRCUIT BREAKER

TERMINAL POWER
SWITCH

FUSE CART POWER

(3AG 3 A SLOW BLOW, 250 V) SWITCH
L

ey ™™
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Figure 68. MINC Switches

Diskette is improperly inserted.

Wrong diskette has been inserted.

Bad diskette has been inserted.

System terminal has been set up with inappropriate

parameters (see Chapter 9, “Changing Operating
Modes on the MINC Terminal”).

TROUBLESHOOTING
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1

4. BREAK key on the system terminal has been pressed,
causing the MINC processor to exit from the MINC
operating mode and to enter the LSI-11 halt mode —
identified by a display similar to that shown in Fig-
ure 69. Press SHIFT/P to recover if no other key-
strokes have intervened since pressing the BREAK
key. If this procedure is unsuccessful, it will be neces-
sary to power down the system and restart.

N

~

SEADY «——————— SYSTEM HAS DISPLAYED READY.

USER PRESSES BREAK KEY AND SYSTEM EXITS TO LSI-11 HALT MODE.

USER PRESSES SHIFT/P AND SYSTEM RECOVERS.
TO CONFIRM RECOVERY, USER PRESSES RETURN.

READY «————————————— SYSTEM DISPLAYS READY.

: Y

155026
¥

MR.1971

Figure 69. Terminal Response to “Break” Key Operation

RUNNING To run the MINC system diagnostic chain, proceed as follows:
DIAGNOSTICS
1. Remove diskettes from drives 0 and 1.
2. Power down the system.
3. Remove all connections from external equipment (MINC
connector blocks, SLU’s, IEEE bus, ete.).
4. Install SLU test connectors (shown in Figure 70) on SLU 0,
SLU 1, and SLU 2.
5. Load diagnostic diskette into drive 0 (left hand drive).
6. Power up the system and wait for introductory messages to

126

be presented on the terminal by the diagnostic program.



Figure 70. SLU Test Connector

These messages should look like those shown in Figure 71.
(If no messages appear, refer to “Troubleshooting Proce-
dure,” above. If you can do nothing to establish communica-
tion with the system, record the condition of the diagnostic
lamps on the BDV11 and call Digital Field Service.)

~

_/

MR 1973

Figure 71. Initial Display from the MINC Diagnostic
Diskette

Press SETUP on the terminal keyboard, and press the 5
(Setup A/B) key to enter Setup B. If the first digit is a “1”,
change it to a “0” by pressing the space bar twice and typ-
ing the 6 (Toggle 1/0) key. Return to normal mode by press-
ing the SETUP key again.

Type C MINC11 followed by a return. The system will re-
spond with a display like that shown in Figure 72.

TROUBLESHOOTING
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Figure 72. Operating Instructions Issued by the Diagnostic

Chain

9. Follow all applicable instructions in the display. When you
are ready to proceed, press any key on the keyboard.

10. The system should then run the diagnostic programs listed
and described in Table 16. Observe the screen closely. Er-
rors will be identified either by the processor halting (in
which case you should make note of the address presented
on the screen) or by messages similar to those shown in Fig-
ure 73. If errors of the second type occur, press the BREAK
key and make note of the error message. Then press
SHIFT/P to allow the diagnostic program to continue.

Table 16. Diagnostic Programs in the MINC11 Chain.
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Name (see note) Funetion
VMNF??.BIC Startup/Sizer
VKAA??.BIC CPU Test
VKAB??.BIC Extended Instruction Set Test
VKAC??.BIC Floating Instruction Set Test
VKAL??.BIC TRAPS Test
VIBB??.BIC IBV 11 Test
VDLA??2.BIC DLV11-J Test
VMNC??.BIC Clock Test
VMNB??.BIC DI Test
VMNE??.BIC DO Test
VMND??.BIC D/A Test
VMNA??2.BIC A/D Test
ZVTN??2.BIC VT105 Test
VMNG??.BIC Termination Program

Note: Question marks designate elements in the file name that may change. The moni-
tor program accepts a question mark as a “wild card” substitute for any charac-
ter.
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Figure 73. Typical Error Identification

Figure 74 shows a typical error-free run of the diagnostic chain
up to but not including the terminal test, which puts up a variety
of complex patterns on the terminal screen.

The terminal test is last in the diagnostic chain series. When it is
done, the system will display a message indicating that the chain
has finished. If errors were detected on the first pass through the
chain, turn off the system and repeat Steps 6 through 10. Make
sure that you follow all instructions given by the system when
the diagnostic chain starts to run (Step 8). If the error(s) persist
on the second pass, call Digital Field Service. If the errors do not
persist, several explanations are possible:

1. Errors were generated on the first pass by improper lab
module switch settings which you corrected before running
the second pass.

2. Errors were generated by intermittent or thermally sensi-
tive components in the system. If the operating history of the
system confirms this hypothesis, contact Digital Field Ser-
vice.

3. Errors were generated by static discharge in the vicinity of
the system during the first run. This problem is most likely
to occur during cold, dry weather and/or when operating on
rug-covered floors.

TROUBLESHOOTING
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If the diagnostic run indicates no errors and you are aware of no
operating anomalies, assume that the system is fully operative.
If the diagnostic run indicates no errors but you are aware of
problems in running lab module programs, run the connection
confirmation programs described in Chapter 10. These will per-
mit checking all input lines for continuity and will detect blown
fusible resistors on lab module inputs. The more information
you can accumulate about a given problem, the more efficiently
your Digital Field Service office will be able to diagnose and cor-
rect that problem.

TROUBLESHOOTING
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GLOSSARY OF MINC TERMS

The following terms have meanings in the MINC context not likely to

be covered in standard dictionaries. Most entries here have been

flagged by an asterisk (*) elsewhere in this book. When definitions in-

volve other terms included in the Glossary, those terms also are flagged

with an asterisk.

Absolute Accuracy
The analog error of an A/D converter, expressed as a percentage of
full scale, referenced to the National Bureau of Standards Volt.

Aperture delay
The time that elapses between the instant an external HOLD com-
mand is received and the instant the sampled signal is actually be-
ing held by the hold circuits. This time would ideally be zero but in
actual practice amounts to approximately 200 nanoseconds.

Aperture uncertainty
The consistency with which the aperture delay* repeats from com-
mand to command. Consistency is important if conversions are to
be equally spaced in time.

Auto-zeroing
A method of stabilizing offset drift in an A/D converter. In the
patented process used by the MINC A/D, auto-zeroing occurs at
that stage in an A/D conversion at which a previously obtained
sample voltage is held and the A/D input circuits prepare to meas-
ure that voltage. If operation is in single-ended mode, the A/D
input is switched to ground at this time, and the subsequent
measurement is of the difference between the held sample and the
ground potential at the A/D converter input. Since any ground po-
tential differences between the A/D input and measurement cir-
cuits are common to both the sampled voltage and the auto-zero
ground reference, these differences are effectively canceled out of
the measurement. 133
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If operation is in differential* mode, auto-zeroing switches the
A/D input to the return input of the selected channel, and the sub-
sequent measurement is of the difference between the held sample
and the voltage on the return input. Any DC voltage common to
both the signal and return terminal is canceled out of the subse-
quent measurement.
Bipolar

Identifies an output condition in which voltages can swing to ei-
ther side of ground as shown in Figures 75 and 76. MINC D/A con-
verters allow selection of either bipolar or unipolar* output modes.

0 (GROUND) va

NS

MR-1519

Figure 75. Bipolar Voltage Waveform
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Common Mode
As used in phrases like common mode rejection, common mode

noise, and common mode interference, identifies an input condi-
tion in which a signal component is common to both the signal and
return terminals of a measuring device such as an A/D converter.
Since such signal components are not generated by the transmit-
ting device, they constitute “noise” in the transmission and must
often be reduced either by appropriate wiring procedures or by
use of differential input mode, or both (see Chapter 11, Noise in
Analog Signal Transmissions, and Glossary, Differential).
Differential

Contrasted with “single-ended.”* Identifies an input mode of cer-
tain amplifiers in which the signal to be acted upon at any instant
is defined as the instantaneous difference between an input and a
return terminal. The advantage of differential operation is that
signals common to both terminals (that is, common mode* signals)
are not seen and are therefore effectively canceled.

The MINC preamplifier always operates in differential mode,
whereas the A/D converter and any associated dual multiplexers
provide the choice of single-ended or differential operation. Note
that the differential common mode rejection of the preamplifier
and A/D converter are identical with respect to DC common mode
noise but not the same with respect to AC common mode noise.
This difference occurs for the reasons discussed below.

In differential mode, the MINC A/D performs a conversion viathe
following steps (see Figure 77):

1. The associated multiplexer enables the selected channel by
closing a normally open semiconductor switch in the pri-
mary input side of the channel (e.g., ch 13).

2. The A/D samples the signal at the primary input terminal.

3. The A/D prepares to start the actual conversion by a) hold-
ing the sampled signal and b) turning off the primary input
switch and turning on a similar switch associated with the
measured channel’s return terminal (e.g., rt 13). Since this
terminal is associated with ground, only common mode volt-
ages will be present on it.

4. The A/D performs the conversion as described in this Glos-
sary under Swuccessive Approximation — subtracting the
common mode contribution from the held sample. 135
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The successive approximation operation takes about 30 micro-
seconds. Although the sampled voltage is held at its initial value
throughout the conversion, any AC components in the common
mode voltage may change before the conversion is finished and
will affect the results by the extent to which they do so. The conse-
quence is that, while the A/D’s differential common mode rejection
is very high at DC, it diminishes as a function of frequency (see
Figure 78). DIGITAL has coined the name “quasi-differential” to
identify the modified differential operation of the MINC A/D.

HOLD END OF CONVERSION
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|

: _L NO COMMON MODE
] CHANGE DURING

______ |___é______.__ CONVERSION

T (ERROR = 0)

INPUT SIGNAL
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; CHANGE DURING
I P 7 ~_z CONVERSION

T (LARGE ERROR)
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Figure 78. DC vs. AC Common Mode Voltages into the MINC A/D

The MINC preamplifier circumvents the above inaccuracies by
holding not only the primary input terminal voltage but that on the
return terminal as well. This means that when the A/D reaches
Step 3, the common mode voltage is still what it was at the time the
sample was taken, and common mode contributions, whether DC
or AC, are cancelled out of the measurement.
Differential Linearity

A means of specifying the uniformity of state widths* in an A/D
converter. Ideally, all state widths would be identical (1 LSB*), al-
though in practice this goal is not completely attainable. The state
widths of the MINC A/D converter will not be zero or greater than 137
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2 LSB for any state. Moreover, 99 percent of all state widths will be
between 1/2 and 1 1/2 LSB.

Gain Temperature Coefficient
The amount that the gain accuracy of a device changes with a
change in temperature. Expressed in ppm/degree C or degree C/
LSB* at full scale. If an A/D has a gain temperature coefficient of
20 degrees C/L.SB at full scale, the converted value will be in error
by 1 LSB at full scale if the temperature rises 20 degrees above 25
degrees C.

Hysteresis
The tendency of certain binary devices to manifest a different
threshold when changing from 0 to 1 than when changing from 1 to
0. Specifically, hysteresis in this manual refers to the ability of
clock and digital-input Schmitt triggers* to fire when their pri-
mary threshold is reached only if the input voltage has previously
gone beyond a secondary threshold that is offset from the primary
by a significant amount (see Figure 20). The ability to respond in
the context of the history of a signal as well as its present state
makes the Schmitt trigger extremely useful in dealing with noise
and event definition problems. See Chapter 5, Digital Input Con-
nections from External Switches.

Input Bias Current
The amount of current that flows between an A/D converter input
and a source device output. Generated by DC bias conditions in the
A/D itself.

Input Impedance (DC)
The resistance seen at the input of a given device.

Integral Linearity
See linearity, below.

Least Significant Bit
See LSB, below.

Linearity
The maximum deviation from a straight line drawn between the
end points of the converter transfer function. Linearity may be ex-
pressed as a percentage of full scale or as a fraction of an LSB*.

Logic Level
Identifies the output state of binary electronic devices. TTL* com-
ponents generate outputs in one of two states: low (approximately 0
to +0.4 V) and high (approximately +2.4 to +5 V). A TTL output of
the first sort is often described as a low logic level; an output of the
second sort is described as a high logic level.

LSB (Least Significant Bit)
In A/D conversions, the value associated with the last bit of the suc-
cessive approximation* register. In a 12-bit A/D converter this
value is 1/4096 of the full-scale range — which translates, in the
case of the MINC A/D, to 2.5 mV. Equivalent to “minimum voltage

138 increment” as used in Part 1 of this manual.
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Multiplexer Settling Time

The maximum time required to reach a specified error region
around the input value when switching channels. Channel switch-
ing generates transients that are stored in residual input cable ca-
pacitances and require time to decay to nonsignificant levels. The
A/D converter allows approximately 9 microseconds for this pro-
cess, but under unusual circumstances (where long, high capaci-
tance cables carry high-impedance input signals or where pream-
plifiers set to gains of 50 to 500 are involved), FAST mode conver-
sions may have to be slowed to speeds well under the maximum
rate.

Parallel
As a computer term, parallel identifies a mode of data transmis-
sion in which the logical bits that compose data words each have a
dedicated line and can thus be transmitted simultaneously (that is,
in parallel) with one another. Parallel contrasts with serial*.

The advantage of parallel over serial transmission is that it tends
to be much faster. The disadvantage is that it requires as many
lines as there are bits in the transmitted word.

Quantizing Error
A/D conversion errors arising from the fact that converted values
must be expressed in quantum steps with a size of one LSB*. This
means that any conversion that does not fall exactly at the mid-
point between quantum boundaries will be skewed by as much as
1/2 an LSB.

Since a MINC A/D LSB is equal to 2.5 millivolts, any reading is
likely to be in error by as much as 1.25 millivolts. When conver-
sions are made on signals near the A/D full-scale level, the percent-
age of error due to quantizing is very small (less than .025 percent).
However, as input signal levels are reduced, quantizing error
makes a proportionally greater contribution. An analog level of
3.75 millivolts, for example, might be converted to 5 millivolts or to
2.5 millivolts — and now the error is 33 percent.

The most effective cure for objectionable quantizing errors is to in-
crease the signal level with a preamplifier.

Relative Accuracy
The degree to which a D/A output uniformly reflects changes in
digital input. Conversely, the degree to which an A/D digital out-
put uniformly reflects changes in analog input. Expressed as a
fraction of full scale with gain and offset errors adjusted to zero.
Resolution
In the context of A/D converters, resolution is defined as the
smallest analog change that can be discriminated. Resolution is
equivalent to the analog value of the least significant bit* of the
successive approximation* register. 139
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Schmitt Trigger
A logic device capable of responding to voltage levels rather than
voltage transitions. Unlike Schmitt triggers, the most common
TTL* logic devices require not only that input voltages change
level but also that they change level in a very short time. These de-
vices respond to the leading or trailing edge of a rapid voltage shift
and are sometimes therefore called edge-triggered devices. If a
slowly changing voltage is input to an edge-triggered device, that
device produces indeterminate outputs while the input level
dwells in the region between low and high (see Glossary, Logic
Level, and TTL). Schmitt trigger devices, however, respond once
and only once when a certain voltage threshold is reached. More-
over, they respond with hysteresis* so that minor perturbations in
an ascending or descending voltage do not trigger additional re-
sponses.
Serial

As a computer term, serial identifies a mode of data transmission
in which the logical bits that compose each data word are trans-
mitted according to a prescribed protocol one after another (seri-
ally) along a single pair of lines from a sending to a receiving de-
vice. Serial contrasts with parallel*.

The advantage of serial over parallel transmission is that it re-
quires few lines. The disadvantage is that it tends to be slower.

Single-ended

Contrasted with differential*. Identifies an input mode of certain
amplifiers in which the signal to be acted upon at any instant is
defined as the difference between an input terminal and ground.
The main advantage of single-ended operation in the MINC world
is that a single-ended input requires only one active terminal, and
twice as many such channels can therefore be accommodated by a
given multiplexer than could be accommodated in differential
mode. The main disadvantage is that single-ended operation does
not cancel common mode* interference.

Slew Rate
The ability of the input or output of an analog circuit to respond to
or change its voltage in a given period of time. If an input slew rate
is 7 volts per microsecond, the analog circuit can respond to a
change of 7 volts in one microsecond. If the output slew rate is 7
volts per microsecond, the output can change 7 volts in one micro-
second.

State Width
The range of input voltage which will produce a given digital re-
sult from an A/D converter. Ideally all state widths should be ex-
actly 1 LSB*, although this goal is not fully attainable in practice.
140 See Figure 79 and Glossary, Differential Linearity.
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Successive Approximation
A method of converting an analog level into a digital equivalent by
a series of approximations, each with twice the resolution of its
predecessor. The MINC A/D implements its successive approx-
imation by iterating the following algorithm 12 times, once for
each bit in the successive approximation register (SAR). See Fig-
ure 80.

1. Set the most significant remaining bit of the SAR to 1 and
with the output thus formed generate a comparison level ina
precision digital-to-analog converter (DAC).

2. Compare this level with the held equivalent of the sampled
signal.

3. Ifthecomparison level is less than the held sample, leave the
present bit set.

4. If the comparison voltage is greater than the held sample,
set the present bit to 0.

5. Prepare to operate on the next most significant bit.

6. Go tostep 1.

COMPARATOR
ANALOG >
INPUT
)
NT
PRECISION (EgGmROL
D/A
CONVERTER
(DAC)
A 4
SUCCESSIVE
APPROXIMATION
DIGITAL VALUE REGISTER

! ! (SAR)

FINAL CONVERTED
DIGITAL VALUE

MR-1522

142 Figure 80. Successive Approximation Block Diagram



This operation involves the components illustrated in Figure 80
and will generate levels in the comparison DAC that resemble
those illustrated in Figure 81. When all bits have been operated on,
the control register will contain the digital equivalent of the sam-
pled level. Resolution of the measurement is a function of the num-
ber of bits available in the control register. The 12 bits in the MINC
A/D produce conversions with a resolution of one part in 4096.

+5

ANALOG INPUT = |———|———|— = —= == = -—
LEVEL

MR-1524

Figure 81. Progression of Levels in Successive Approximation
DAC (7 bits only)

TTL
Initialism for transistor-transistor logic (sometimes referred to as
T?L). Defines the design and operating characteristics of the most
common integrated circuit logic devices. TTL devices have the fol-
lowing approximate operating characteristics: :
*  Supply voltage: +5
*  Input Voltages: low =0.0 V to +0.7 V; high=42.0 V to
+5V
*  Input Currents: low =-6.8 mA at 0 Vin; high=1.3mA
at +5 Vin
*  Qutput Voltages: low =0.0 Vto+0.4 V; high=+2.4 Vto
+5V
*  Drive Capability: 10 inputs
*  Typical Rise/Fall Times: less than 20 nanoseconds
Unipolar

Identifies an analog output condition in which voltages cannot
swing past ground (see Figures 82 and 83). The MINC D/A con-
verter allows selection of either unipolar or bipolar* output modes.

GLOSSARY
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0 (GROUND)

0 { GROUND) /\/

MR-1525

Figure 82. Unipolar Voltage Waveforms

T %“‘4 OUTPUT (DC)
a8 i

INPUT

OUTPUT (AC OR DC)

MR-1528

Figure 83. Unipolar Output Devices
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A/D channel allocation
potential problems, 17, 21
A/D channels
maximum expansion, 17
A/D conversion
applicable BASIC routines, 7
initiating conversions, 10
A/D conversion routines
control settings and connections, 26-27
A/D converter
channel 0-3 input selection, 25-26
channel expansion, 9
connector block labeling, 10
front panel controls, 8
general description, 7
mode indicators (lines 8-15), 9
single-ended selector strap, 24-25
A/D group
analog input connections, 22
Absolute accuracy, 133
Adding D/A converters, 40-41
Addressable mode
See IEEE bus
Addressing
IEEE bus, 63
Analog transmissions
noise, 109-117
Answer-back message
See MINC terminal
Aperture delay, 133
Aperture uncertainty, 133
Approximation
successive, 144
Asterisks (*)
use of in this manual, xiv

INDEX

Auto-zeroing, 133-134
Automatic repeat control
See MINC terminal

Autowrap control
See MINC terminal

Background shade control
See MINC terminal
Bias current
input, 138
Bipolar, 134

Cables

labeling, 22-23
Changing A/D modes, 17, 21
Character code selection

See MINC terminal
Clearing tab stops

See MINC terminal
Clock

general description, 30-31
Clock connector block, 32-33
Clocks

difference between clock 0 and clock 1,

29-30

Codes

option designation, 5
Coefficient

gain temperature, 138
Common mode, 135
Common mode noise, 112-115
Confirming connections

A/D group inputs, 96-98

clock Schmitt triggers, 98-100 145



D/A outputs, 100-101
digital inputs, 101-102
digital outputs, 102-104
running programs, 96-104
Connector block
A/D converter, 10
D/A converter, 41
digital input unit, 49
digital output, 56
dual multiplexer, 17-21
MINC clock, 32-33
Connector blocks, 4
Contact bounce on digital inputs, 51-53

connections to external instruments,
55-58

connector block, 56

description, 54

driving power-consuming devices,
58-59

expansion, 54-55

front panel, 55

REPLY, 55-57

timing of parallel transfers, 57

transfers requiring non-TTL voltages,
56-59

use of the EXT VOLT terminal, 56-59

Control bit outputs Digital output unit STROBE, 55-57

D/A converter channel 3, 38-39 DIN routine
Controllers connections and control settings, 54
IEEE bus, 63 DOUT

Crosstalk noise, 115-116
Cursor mode control
See MINC terminal

D/A converter
adding modules, 40-41
applicable data transfer routine, 37
channel 3 control bit outputs, 38-39

connections and control settings, 60

Dual multiplexer

channel identification, 17
configuration, 15

connector block, 17-21

general description, 14
single-ended selector strap, 24-25
when required, 15

connections to external devices, 43-46

connector block, 41

control data/output voltage
calculation, 40

Electrical noise classifications, 109
Electrostatic noise, 110-111
DAC 3 resolution, 41-42 Escape sequence mode control

mode/range controls, 38-39 See MINC terminal

; Expansion
use of DAC 3 control bits, 45-46
Data transfer A/D channel, 9

—r adding laboratory modules, 83-84
Disfﬁf,zgltgisclgg_t{gg’ 1 digital output capacity, 54-55

Differential linearity, 137 E{éT XOLtT lter?intal -
Digital input unit ee digital output u

: . External switches
applicable data transfer routines, 47 : AT )
C(I)Jrll)nections fr(?m external switches connections to digital input unit, 51-53

51-53
connections to external instruments, Fault diagnosis
49-51 aids, 122-123

connector block, 49

data latching and polarity, 51

debouncing switch contacts, 53

desecription, 47

parallel data transfer timing, 51

REPLY signal, 50-51

switeh contact debouncing, 53
Digital output unit ID switches

applicable lab module routines, 54 See laboratory modules

connecting discrete external devices, setting, 83-84

58-59 IEEE bus
connections and control settings for addressable mode, 64
146 DOUT, 60 addressing, 63

Function diagrams, 2

Gain temperature coefficient, 138
Ground loop noise, 112-115

Hysteresis, 138



connecting cables, 64-65
linear and star configurations, 66
controllers, 63
general description, 61
listeners, 63
maximum cable length, 65-66
primary address switch arrays, 63
protocol, 61-63
talkers, 62
Impedance
input, 138
Initiating A/D conversions, 10
Input bias current, 138
Input impedance, 138
Instrument address
setting (IEEE bus), 63
Integral linearity, 138
Interlacing
See MINC terminal

Keyclick control
See MINC TERMINAL

Lab module connections
mapping, 104

Lab modules (addressable)
maximum number, 84

Labeling lab module cables, 22-23

Least significant bit, 138

Level
logic, 139

LINE FEED key interpretation
See MINC terminal

Line frequency selection
See MINC terminal

Linearity, 138

Linearity
differential, 138
Listeners
IEEE bus, 63

Local mode on the MINC terminal, 87
Logic level, 138
LSB, 138

Magnetic noise, 111
Mapping lab module connections, 104
MINC
diagnostics
running, 126-131
function diagrams, 2
MINC clock

ST1 and ST2 connections and control,

34
MINC clocek routines

connection and control settings, 35-36

MINC connector block

use of, 93

MINC option designation codes, 5
MINC specifications

bus terminator/bootstrap, 74-75
dual diskette drive, 72
environmental, 71

general, 71

IEEE bus interface, 73-74
MINC A/D converter, 77
MINC cart, 71

MINC chassis, 73

MINC clock, 78-79

MINC D/A converter, 79-80
MINC digital input unit, 80
MINC digital output unit, 81
MINC dual multiplexer, 78
MINC keyboard/monitor, 75-76
MINC memory, 74

MINC microprocessor, 73
MINC preamplifier, 77-78
Serial ASCII interface, 74

MINC system environmental

requirements, 71

MINC system hardware

list of components, xv
overview, xv

MINC terminal

setup

answer-back message, 89

automatic repeat, 90

automatic XON/XOFF, 91

autowrap feature, 91

background shade of MINC
screen, 90

character code selection, 91

cursor mode, 90

escape sequence mode, 91

interlacing, 91

keyclick, 91-92

LINE FEED key interpretation, 91

line frequency selection, 92

local mode, 87

number of bits per character, 92

R SPEED, 92

reception speed, 92

restoring setup conditions, 88-89

right margin tone, 90-91

saving Setup conditions, 88

screen contrast control, 86-87

screen width, 88

scrolling mode, 90

Setup A, 86-89

Setup B, 89-92

T SPEED, 92

INDEX

147



INDEX

tab clear, 87 Relative accuracy, 139
tab stops, 87 REPLY
terminal test, 88 See digital input unit
transmission and reception parity, See digital output unit
92 Residual noise, 116-117
transmission speed, 92 Resolution, 139
Mode indicators Restoring Setup conditions
A/D converter (lines 8-15), 9 See MINC terminal
Mode/range controls Right margin tone control
D/A converter, 38-39 See MINC terminal
Module placement Running MINC diagnostics, 126-131
in MINC chassis, 1
sequence, 84-85
Multiplexer, 14-22

Saving Setup conditions
See MINC terminal

noise, 116 Schmitt trigger
settling time, 139 definition of, 140
) Schmitt triggers
Noise digital input unit, 47

common mode, 112-115
crosstalk, 115-116

electrostatic, 110-111

ground loop, 112-115

in analog transmissions, 109-117
magnetic, 111

MINC clock, 31-32
Screen contrast control
See MINC terminal

Secreen width control
See MINC terminal

. Scrolling mode control

multiplexer, 116 See MINC terminal

residual, 116-117 S f module pl t, 84-85
Number of bits per character S:?itzﬁnce of module pracement,

See MINC terminal definition of, 140

Serial ASCII apparatus

Option designation codes, 5 connections, 67
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lab modules, 84-85

Power-consuming devices

driven with digital output, 58-59

Preamplifier

configuration, 12
general description, 11

Parallel Setting laboratory module ID switches,
definition of, 139 83-84

Parallel data transfer timing Setup A .
digital input unit, 51 See MINC terminal

Placement of modules Setup B .
in MINC chassis, 1 Seflii)l}qnlolgg terminal

Placement sequence See MINC terminal

Single-ended
definition of, 140
selector straps, 24-25

Slew rate, 140

SLU connector

. . wiring, 68
mode/ iggfiié’glaﬁons}”ps’ 12 State width, 140-141
’ STROBE

Preventive maintenance, 119
Primary address switch arrays

See IEEE bus

Quantizing error, 139

Reception parity

See MINC terminal

Reception speed

See MINC terminal

digital output, 55-57
Successive approximation, 142-143
Switch contact debouncing

See digital input unit
System expansion

adding laboratory modules, 83-84

Tab stops
See MINC terminal



Talkers

See IEEE bus
Temperature coefficient

See gain, 138
Testing the MINC terminal, 88
Timekeeping

modes, 29

routines

clock connections and control
settings, 35-36

Timing

parallel digital input transfer, 51

parallel digital output transfers, 57
Transmission parity

See MINC terminal

INDEX

Transmission speed
See MINC terminal
Trouble
causes of, 121-122
Troubleshooting
procedure, 123-126
TTL
definition of, 143

UniPolar
definition of, 143-144

XON/XOFF control
See MINC terminal
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Application

Program Name

Date

MINC System Configuration
Record

Using System Configuration Forms:

Tear out one record form for each lab module in
the system and tape forms together in the same

sequence as that of the modules in the MINC chassis.

Fill out all appropriate blanks to identify system
interconnections, and check all appropriate boxes
to identify required switch settings. Accordion-fold
the map thus constructed with this sheet serving as
a cover.

Term

No

- e e e ea o o oam o= NNNNN
© O = N WH OO N 0WO©O =N W

= N W Hd OO N X

PREAMPLIFIER

UNIT NO

CONNECTOR BLOCK

_Function

INTR OUT
logic gnd
hold ch d
hold ch ¢
hold ch b
hold ch a
logic gnd
analog gnd
+15T
—-15T

R TEST -
R TEST +
analog gnd
chd-
chd+
analog gnd
chc-
chct
analog gnd
chb-
chb+
analog gnd

cha-
cha+

Connected to

FRONT PANEL

(indicate selected switch settings)







DUAL MULTIPLEXER
UNIT NO

CONNECTOR BLOCK

Term
No Function Connected to
24 logic gnd
23 Ba-h s.e.
22 -16T
21 analog gnd
20 B chh/rtd
19 Bchd
18 Bchag/rtc
17 Bchc
16 Bchf/rtb
15 Bchb
14 Bche/rta
13 Bcha
12 logic gnd
11 Aa-hs.e.
10 +15T
9 analog gnd
8 A chh/rtd
7 Achd
6 Achg/rtc
5 Achc
4 Ach f/rtb
3 Achb
2 Ache/rta
1 Acha

A/D CONVERTER
UNIT NO

‘CONNECTOR BLOCK

Term
No Function Connected to
24 +15T
23 -15T
22 analog gnd
21 analog gnd
20 logic gnd
19 ext start
18 logic gnd
17 8—15s.e.
16 ch 15/rt 11
15 ch 11
14 ch 14/rt 10
13 ch 10
12 ch 13/rt 9
11 ch 9
10 ch 12/rt 8
9 ch 8
8 analog gnd
7 ch7
6 analog gnd
5 ch 6
4 analog gnd
3 chb
2 analog gnd
1 ch 4
FRONT PANEL
(indicate selected switch settings)
0 POT
BNC TEST

®
©

POT

@
z
O
-
m
»
=

C
©

N

©
°
o
3

NC

-
m
14
=

©
©

POT

@,
©

N
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D/A CONVERTER DIGITAL OUTPUT
UNIT NO UNIT NO
CONNECTOR BLOCK CONNECTOR BLOCK
Term Term
No Function Connected to No Function Connected to
24 +15T 24 EXT VOLT
23 -16T 23 user gnd
22 BIT3L 22 HB STRB
21 BIT2L 21 D15
20 logic gnd 20 D14
19 BITT1L 19 D13
18 logic gnd 18 D12
17 BITOL 17 D11
16 logic gnd 16 D10
15 BIT3H 15 D09
14 logic gnd 14 D08
13 BIT2H 13 +5 V ref
12 logic gnd 12 logic gnd
1 BIT1H 1 RPLY
10 logic gnd 10 LB STRB
9 BITOH 9 D07
8 analog gnd 8 D06
7 DAC 3 7 D05
6 analog gnd 6 D04
5 DAC 2 5 D03
4 analog gnd 4 D02
3 DAC 1 3 D01
2 analog gnd 2 D00
1 DACO 1 user gnd
FRONT PANEL FRONT PANEL
(indicate selected switch settings) {(indicate selected switch settings)
reply
0 95 oo D +
+
@ 0 -
1 923 o-10
@







DIGITAL INPUT
UNIT NO

CONNECTOR BLOCK

CLOCK
UNIT NO

CONNECTOR BLOCK

Term
No Function Connected to
24 EXT VOLT
23 logic gnd
22 PGM OUT
21 D15
20 D14
19 D13
18 D12
17 D11
16 D10
15 D09
14 D08
13 +5 V REF
12 logic gnd
1 REPLY
10 STROBE
9 D07
8 D06
7 D05
6 D04
5 D03
4 D02
3 D01
2 D00
1 logic gnd

FRONT PANEL
(indicate selected switch settings)

data

D+
] -

strobe

=he

[] +
D -

Term
No Function Connected to
20 logic gnd
19 100 Hz
18 logic gnd
17 1 KHz
16 logic gnd
15 10 KHz
14 logic gnd
13 100 KHz
12 logic gnd
11 1 MHz
10 logic gnd
9 overflow
8 logic gnd
7 ST2 QUT
6 logic gnd
5 ST2 IN
4 logic gnd
3 ST10UT
2 logic gnd
1 ST1IN
FRONT PANEL
st1 @ ]
U O vas
D D Slope +
SLOPE D Slope -
st2 @ O m
u (] var
] [0 stope+
SLOPE D Slope -
st1
st2
OVERFLOW







Application

Program Name

Date

MINC System Configuration
Record

Using System Configuration Forms:

Tear out one record form for each lab module in
the system and tape forms together in the same

sequence as that of the modules in the MINC chassis.

Fill out all appropriate blanks to identify system
interconnections, and check all appropriate boxes
to identify required switch settings. Accordion-fold
the map thus constructed with this sheet serving as
a cover.

Term

No

[ O OV S S Y
© O = N WH OO NOO®OO=NWD

= N W HOOO N

PREAMPLIFIER
UNIT NO

CONNECTOR BLOCK

Function Connected to

INTR OUT

logic gnd

hold ch d

hold ch ¢

hold ch b

hold ch a

logic gnd

analog gnd
+15T

—15T

R TEST -

R TEST +

analog gnd

chd-

chd+

analog gnd

chc-

chc+

analog gnd

chb-

chb+

analog gnd

cha-

cha+

FRONT PANEL
{indicate selected switch settings)







DUAL MULTIPLEXER
UNIT NO

CONNECTOR BLOCK

Term
No Function Connected to
24 logic gnd
23 Ba-h s.e.
22 -15T
21 analog gnd
20 B chh/rtd
19 Bchd
18 Bchg/rtc
17 Bchec
16 Bchf/rtb
15 Bchb
14 Bche/rta
13 Bcha
12 logic gnd
11 Aa-hs.e.
10 +15T
9 analog gnd
8 Achh/rtd
7 Achd
6 Achg/rtc
5 Achc
4 Achf/rtb
3 Achb
2 Ache/rta
1 Acha

A/D CONVERTER
UNIT NO

CONNECTOR BLOCK

Term
No Function Connected to
24 +15T
23 -i58T
22 analog gnd
21 anatog gnd
20 logic gnd
19 ext start
18 logic gnd
17 8—15s.e.
16 ch 15/rt 11
15 ch 11
14 ch 14/rt 10
13 ch 10
12 ch 13/rt 9
1 ch 9
10 ch 12/rt 8
9 ch 8
8 analog gnd
7 ch7
6 analog gnd
5 ch 6
4 analog gnd
3 ch 5
2 analog gnd
1 ch 4
FRONT PANEL
(indicate selected switch settings)
0
enc POT resy

C
©

o
Z
O
-
m
4]
-

®
©

n

[
NC or TEST

@

@

w

NC porT TEST
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D/A CONVERTER
UNIT NO

CONNECTOR BLOCK

Term
No Function Connected to
24 +15T
23 -15T
22 BIT3L
21 BIT2L
20 logic gnd
19 BIT1L
18 logic gnd
17 BITOL
16 logic gnd
15 BIT3H
14 logic gnd
13 BIT2H
12 logic gnd
1 BIT1H
10 logic gnd
9 BITOH
8 analog gnd
7 DAC 3
6 analog gnd
5 DAC 2
4 analog gnd
3 DAC 1
2 analog gnd
1 DACO

FRONT PANEL

(indicate selected switch settings)

Term

No

24
23
22
21
20
19
18
17
16
16
14
13
12
11
10

©

- N W s N

DIGITAL OUTPUT
UNIT NO

CONNECTOR BLOCK

Function Connected to

EXT VOLT

user gnd

HB STRB

D15

D14

D13

D12

D11

D10

D09

D08

+5 V ref

logic gnd

RPLY

LB STRB

D07

D06

D05

D04

D03

D02

DO1

D00

user gnd

FRONT PANEL
(indicate selected switch settings)

reply
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DIGITAL INPUT
UNIT NO

CONNECTOR BLOCK

Term
No Function Connected to
24 EXT VOLT
23 logic gnd
22 PGM OUT
21 D15
20 D14
19 D13
18 D12
17 D11
16 D10
15 D09
14 D08
13 +5 V REF
12 logic gnd
11 REPLY
10 STROBE
9 D07
8 D06
7 D05
6 D04
5 D03
4 D02
3 DO1
2 D00
1 logic gnd

FRONT PANEL
(indicate selected switch settings)

data

D +
D -

strobe

=he
©

[] +
D -
©

CLOCK
UNIT NO

CONNECTOR BLOCK

Term
No Function Connected to
20 logic gnd
19 100 Hz
18 logic gnd
17 1 KHz
16 logic gnd
15 10 KHz
14 logic gnd
13 100 KHz
12 logic gnd
11 1 MHz
10 logic gnd
9 overflow
8 logic gnd
7 ST2 0UT
6 logic gnd
5 ST2IN
4 logic gnd
3 ST10UT
2 logic gnd
1 ST1IN
FRONT PANEL
st1 @ g ™
u [J var
D D Slope +
SLOPE D Slope -
stz @ O m
u [] var
D D Slope +
SLOPE D Slope —
st1
st2
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MINC Devices

AA-DST72A-TC
READER’S COMMENTS

NOTE: This form is for document comments only. DIGITAL will use comments submitted on this form at the

company’s discretion. If you require a written reply and are eligible to receive one under Software
Performance Report (SPR) service, submit your comments on an SPR form.

Did you find this manual understandable, usable, and well-organized? Please make suggestions for improvement.

Did you find errors in this manual? If so, specify the error and the page number.

Please indicate the type of user/reader that you most nearly represent.

0O  Assembly language programmer
O  Higher-level language programmer
O  Occasional programmer (experienced)
0O  User with little programming experience
O  Student programmer
O  Other (please specify)
Name Date
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