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GENERAL DESCRIPTION
SYSTEM INTERNAL INTERFACES, TIMING, AND OPERATION SEQUENCE;
HOUSEKEEPING ADC; TEMPERATURE MONITORS

INTRODUCTION
General

The Space Environment Laboratory HF Radar is a new general purpose

radio frequency pulse sounding system intended for research pur-

poses. It covers the frequency range 0.1-30 MHz and with suitable

antennas is capable of making nearly all of the remote sensing

measurements of the ionosphere which can be made by coherently

receiving pulsed signals reflected from the ionosphere either monstatically
or bistatically. This flexibility is achieved by the incorporation

of a general purpose computer as the heart of the system. In this

respect, the system is a logical development of the Dynasonde (Wright

1969; Wright and Pitteway, 1978). The primary objectives are:

—

1. To provide a system with the minimum of hardware-bound re-
straints to the characterization of signals returned from
the ionosphere. This implies digital data processing tech-
niques and requires the modes of operation to be defined
and controlled almost completely by software.

2. To provide a system which is capable of self-contained real-
time data analysis and display to an extent permitting the
geophysical significance of the measurements or their required
resolution to be used in the manual or automatic control of
data acquisition.

The basic measurements to be made on signal returns are:

1. The complex (vector) numerical description of signal returns
versus range and frequency, to permit the amplitude, phase,
envelope group delay, A@/Af group delay, and doppler spectrum
to be obtained.

2. The comparison of echo data from an array of receiving
} antennas to permit a measure of the direction of arrival,
wave polarization, and other diffraction pattern informa-
tion.

1-1



3. The comparison of echo data at closely-spaced times for
doppler, group-rate, and other time-dependent information.

The system is also well adapted to increasing the range resolution
by transforming a set of closely spaced frequency samples
(Devlin, et al 1977).

Secondary objectives of the system are to function cooperatively
with other sounders in a network to provide information on
oblique propagation paths, to function in a spectrum surveillance
mode to provide information on oblique propagation from known
transmitters, and to accommodate data from other geophysical
sensors.

System Philosophy

One of the first decisions is the choice of the form of the
transmitted signal. Ionospheric sounding systems have developed
in two different directions since the early 1960's from the
basic pulse sounder developed in the 1930's. 1In one, pulse
sounding has been retained and combined with numerical data
recording techniques. Signal enhancement by averaging or the
use of coded pulses has been used where necessary to improve
numerical accuracy and sensitivity (Bibl 1978). In the other
direction, a completely different form of coding, FMCW, uses a
linear frequency swept transmitted signal, in which the time
domain dispersed signal returns are transformed to frequency
dispersed returns; speetrum analysis is required to express

the signal return in the ionogram form (Barry 1971). This
permits the use of essentially CW transmission giving high
average power without the complication of producing high peak
powers. It is very effective in rejecting interference from
fixed frequency communication signals. Most of the applications
have used analog presentation of the output data but high
quality numerical data can be obtained by Fourier Transform
analysis. 1In general, and particularly where crossmodulation
in nearby systems is a problem, FMCW produces less interference

to the normal uses of the spectrum than does a pulse sounding
system.,

In research applications of ionospheric sounding, it is important
to trade frequency resolution and time resolution, depending

on the electron distribution and the dynamics of the ionosphere.
Indeed, it may be desirable to interleave frequency sweeps and
high time resolution sounding at a few selected frequencies.

This would be much more complex to achieve with an FMCW system
than with a pulse sounder. Another requirement is the sampling

of multiple receiving antennas. A single channel receiver

can be time shared between antennas with FMCW provided the
switching rate is chosen to place the side bands generated outside
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1.3

the final analysis range. Multichannel receivers are more
usually used. In the pulse system, any combination of sequen-
tial sampling or parallel sampling using multiple receiver
channels is easy to implement. Although these problems with
FMCW could be overcome and might be considered a reasonable
counterbalance to the advantages, the major problem is in the
increased complexity of the data processing. To obtain the
simple virtual height information, if it is to be done numeri-
cally, requires one Fourier transform, and if the doppler
spectrum of a time series of returns is needed, two transforms
are required. This considerably increases the complexity and
power needed in the data processing system and also its cost.

The foregoing factors lead to the choice of a basic pulse
sounding system with software controlled options for signal
enhancement using pulse-to-pulse integration and/or pulse
coding. The latter can be implemented using the complementary
codes which are used in pairs and, unlike Barker codes, have
theoretically zero side lobes in their autocorrelation function
(Golay 1961). Two receiver channels are provided so that a
single phase comparison can be made between receiving antennas
without any restriction on the phase rate of the process being
observed, and to double the potential data acquisition rate of
the system.

System Design
A simplified block diagram of the system is shown in Figure 1.

The main processor is a 16-bit Interdata model 7/16 or an 8/16
with 32 K words of 1 us core memory. Hardware multiply and
divide, and hardware floating point registers are incorporated.
Typical instruction execution times are 1 us for a register to
register addition, 10 us for a fixed point 16-bit divide and
48 us for a 32-bit floating point divide. The processor
instruction set is implemented through microcode and is very
comprehensive. Input/Output (I/0) communication is carried
out through a separately multiplexed bus structure which
permits both programmed I/0O and Direct Memory Access for block
data transfers. Standard peripherals are a 1600 bpi, 9-track,
35 ips tape transport for program loading and data recording,
a 10 Megabyte disc memory, one half of which is a removable
cartridge disc. A Tektronix graphics display console and hard
copy unit form the primary operator interaction point and can
in principle be located remotely from the rest of the system;
a Model 33 TTY and paper tape reader/punch are used for system
logging and initial bootstrap if required. An automatic
bootstrap loader permits easy restart under most conditions.
Special purpose peripherals are the interfaces to the two
other processors described below and to the local system
graphics display.
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A separate 15 cm XY CRT display with 1024 x 1024 addressable
points is intended as the primary local operator graphics display
and for local photographic data recording. Both point addressing,
vector, and alphanumeric modes are provided. The display is
refreshed by direct memory access to the Interdata computer

core memory making possible rapid changes in the display for

time sequence presentation of the data. The display formats

are entirely determined by software and are not predetermined

by hardware. The capability also exists for light pen inter-
action with the data displayed. In addition, the CRT can also

be used in standard XY and YT modes to display system timing
lines and signal returns in an A-scan mode.

It is not practical to carry out all of the programmable
functions needed to meet the system objectives directly with
one central processor, particularly since it is desired to
have software for general purpose interaction, data processing,
and program development coexist with the sounder operating
software. The two most time-consuming and routine functions
are the generation of the precise timing sequences needed to
initiate a transmitted pulse and in the processing of the
returning echo data. In the latter operation, a large amount
of data must be processed at comparatively high speed to
perform initial signal processing, which is needed to reduce
the volume of data before it is passed to the main processor.
One approach to this problem would have been to build special
purpose digital and analog interfaces directly controlled by
the main processor. This would have restricted the modes of
operation of the system to those which had been foreseen as
needed in the original design. The alternative which we have
adopted, and which has been made practical by the advances in
microprocessor technology, is to use a distributed processing
system in which the timing functions and the "front end"
signal processing are handled by separate program-controlled
processors. - These are slaves to the main processor in that
they rely entirely on it for nonvolatile program storage and
user interaction. Programs for both are loaded from the
Interdata 7/16 via a general purpose 8~bit digital I/0 bus (DIO)
which is used to communicate with the system for control

and status monitoring purposes.

The Timing Sequence Generator (TSG) uses a 6502 8-bit micro-
processor. This executes a program which provides control
interaction with the other parts of the system and exercises 8§
general purpose timing lines allocated to various control
functions such as transmitter keying and receiver data acqui-
sition gating. The timing is controlled by a sequential state
look~up table which contains the states required and the time
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intervals between them. The time intervals are restricted to
integer multiples of 10 us with a minimum of 30 us between
state changes. This is not generally restrictive considering
the bandwidth of the RF system. Timing coherence is ensured
by reclocking the microprocessor outputs with the system 100
kHz clock, although the microprocessor clock is itself locked
to the system clock. Up to 8 separate timing sequences or
"scenarios' are stored in the microprocessor program and can
be called by a control word from the Interdata. Two are used
in system "no op" modes and the remaining 6 are available as
mode selections. If necessary more could be made available by
reloading the microprocessor memory from the Interdata.

The general arrangement of the Front End Processor (FEP) is
shown in Figure 2. The structure is designed to permit
"pipelined" flow of data from the receiver through the pro-
cessor and into the main CPU. Two sets of input memories are
alternately loaded with data from the ADC's and operated on by
the FEP following each transmitted pulse. Similarly, one
output memory is being loaded by the FEP CPU while the other
is transferred to the Interdata. The FEP is implemented with
Schottky LSI 4-bit slice ALU's and control building blocks.
The CPU is 24 bits wide to permit fixed point manipulation of
the products of the input 12-bit numbers. As the programs are
expected to be largely repetitive and of the continuous loop
variety, no macro code interpretation is provided, and the
program is executed directly from an 84-bit wide microprogram
memory which is loaded from the Interdata. This program
memory cannot be modified by the FEP CPU itself. Working
memory space 1is provided by the two scratch memories, each
’ I 1024 x 24 bits wide. These memories may be addressed in parallel
: or independently and the required output (or that of a high speed hardware
multiplier which multiplies the contents of the addressed
memory locations) are selected by a program controlled multi-
plexer. Sixteen internal general purpose registers are also
available within the bit slice ALU for temporary storage.
Whenever possible within the FEP, the data flow is pipelined
so that operations can be carried out concurrently and at
maximum speed. The execution time for ome microcoded instruc-
tion is one 200 ns clock cycle. This includes all simple
fetch, add and subtract, logical compare, and write operatioms,
which for favorable source and destination locations, may be
executed concurrently in one clock cycle. The output of
the 12-bit x 12-bit multiplier is available in a maximum of 3 clock
lcycles. With the system transmitting 50 pulses per second, 20 ms is
available for processing the data from both receiver channels
permitting a maximum of about 105 microcode steps (50 per data
sample in the normal mode). The size of the output memory
presupposes reduction in data volume by at least a factor of 2
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in the processing. Data from a single receiver channel can be
passed to the output directly for system test or for special
operating modes. Microcode assembler program has been developed
which is resident in the Interdata.

Figure 3 shows the basic arrangement of the RF system used for
the generation of the transmitted signals and the cohere?t
reception of echoes. A symmetrical up- and down—converslon
scheme is employed with two oscillators. The first oscillator,
a general purpose synthesizer, generates a frequency between
40,1 and 70 MHz and up-converts the receive band of 0.1-30 Miz
to a 40 MHz IF. The second oscillator, a fixed-frequency 40

MHz crystal oscillator, is down-converted by the same synthegizer
output to form the transmitted frequency. Keying and filtering
of the transmitted signal is performed at the fixed 40 MHz
frequency. The 40 MHz oscillator then provides the reference
for coherent quadrature detection of the received signals.

The frequency of operation is selected by the Interdata computer
which controls the synthesizer. If operation from an external
standard is required both oscillators must be locked.

An important feature of the system is the choice of output
signal representation. Most previous ionospheric sounding
systems have used logarithmicly compressed amplitude represen-
tation with zero crossing phase or logarithmic quadrature
components. The use of a logarithmic scale is inconvenient

for many kinds of digital signal processing. For instance, if
a Fourier transform of the received signal is desired, it has QJE
been necessary to exponentiate the logarithmic function, which
is likely to be inaccurate if the function was generated by
analog means in the first place. The justification for this
choice of signal representation has been that it is otherwise
difficult or impossible to cover the dynamic range of the
received signals in any other manner. However, recent develop-
ments in solid state technology have made available stable,
wide-band linear amplifiers with extremely wide dynamic ranges,
typically > 140 dB in a 30 kHz noise bandwidth. By combining
these with passive filters and a well-designed mixer and
quadrature component detector, it is possible to build a

linear receiver that is basically limited only by the choice

of digital quantization and the DC stability of the detector.
We have chosen this route. By using 12~bit 2's complement
binary encoding of the quadrature components, we have < 60 dB
dynamic range between quantization noise and saturation giving
a 30-40 dB operating range allowing for reasonable numerical
accuracy at the lower end and some margin against overload at
the upper end. The position of this range is adjusted to
prevailing signal levels between pulses by means of stepped
attenuators which are under the control of the Interdata
computer. DC offsets are removed by an autocalibration program.

Provision has also been made for range dependent gain switching
should it be required.

1-8
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A more detailed block diagram of the RF system is shown in
Figure 4. The bandwidth of the system is similar to that of
previous ionosphere pulse sounders. Maximally flat time delay
crystal filters are used, two in each channel of the receiver
and one following the transmitter keying circuit. Each filter
has a 4-pole response and a 3 dB BW of 30 kHz. This gives an
overall 3 dB bandwidth of 22 kHz in the receiver and a matched
response to a 60 ps transmitted pulse. The impulse response
is Gaussian in form. Provision is made for phase reversal
switching in the receiver input multiplexer and for quadrature
phase modulation in the transmitted pulse. The sampling rate
of the ADC's in the Front End Processor has been chosen to be
100 kHz giving a folding frequency of 50 kHz. At this frequency
offset, the receiver IF gain is 56 dB down from the response
at the center frequency. The input memory for each receiver
channel holds 512 XY pairs corresponding to a total acquired
virtual height range of = 776 km.

Great care has been taken to preserve a high degree of linearity
at the input of the receiver to reduce intermodulation of
received signals and minimize the need for preselection filters.
A high level mixer is used, driven by a fast square wave with

1 nanosecond rise and fall time transitions to provide highly
linear switching. The 1 dB desensitization point at the main
receiver input (excluding the antenna preamplifier) is +15 dBm
and the third order intercept +26 dBm with 0 dB RF attenuation.
This performance is limited, particularly at low frequencies,
by the diode switches in the antenna multiplexer. The receiver
gain varies less than + 2 dB from 0.2-29 MHz and the tangential
sensitivity is < 1 nuV. Operating experience indicates that
preselection filters are not required for operation in typical
site conditions.

The low level transmitter drive output is amplified first by a
solid state class A amplifier to the 200 W level. This can be
used directly or can be used to drive a pulsed class A wide
band vacuum tube amplifier with a 10 kW output. The transmitter
outputs are nominally 50 Q unbalanced. Wide band unbalance-
to-balance transformers are used to drive typical sounding
antennas.

A feature of the system is the provision for generating a low
level replica of the transmitter pulse. This can be inserted
at an arbitrary range under control of the Timing Sequence
Generator and is coupled to the receiving antennas to serve as
an overall calibration of the group and phase delays of the re-
ceiver channels and a means of self checking the entire system
without making unnecessary transmissions.
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An auxiliary component of the system is the housekeeping ADC.
This is a multiplexed Analog-to-Digital Converter with 64
inputs. It is controlled by the Interdata through the digital
I/0 bus. The output is a 12-bits binary number representing

a + 10 V input range. This unit is to provide general super-
visory voltage, current, and temperature monitoring which is
recorded along with the data from the sounder. It is also con-
nected to the amalog outputs of the receiver and can be used to
provide data in the spectrum surveillance mode and also for AGC
feedback when the system is used as a general purpose receiver.
Additionally, the ADC may be used with additional programming
to acquire data from other semsors such as riometers or magne-
tometers.

Revised 3/11/80
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2.1

2.2

THE INTERDATA COMPUTER SYSTEM
General

This section on the Interdata computer system is not intended

to be exhaustive or sufficient for maintenance purposes. The
Interdata manuals for the appropriate machine should be con-
sulted for details of the system and schematics, etc. The fol-
lowing general description of the hardware and the configuration
used in the HF Radar and its mode of operation will provide the
framework for understanding the interfaces with the rest of the
system and its operation.

CPU

The HF Radar uses either the 7/16 CPU with the High Speed Arith-

metic and Logic (HSALU) option or the 8/16E CPU with hardware multiply/
divide. Both systems have single and double precision floating point
hardware. In general, the 8/16 system is slightly faster and is also

2.3

2.3.1

capable of addressing up to 256 Kb of memory as opposed to 64 Kb for
the 7/16.

I/0

Both the 7/16 and 8/16 have identical I/0 bus arrangements except
for the differences required by the 8/16 extended memory space in
the arrangements for Direct Memory Access.

Each chassis slot used for I/O interface has access to the multi-
plexor bus. This is a general purpose bus used for all program con-
trolled I/0 operations. The chassis is arranged so that either

two half boards or one full board can be inserted in each slot.

The two connectors on the left and right sides (viewed from the
front) are numbered 1 and 0, respectively. The multiplexor bus

is available separately on both connectors. The interrupt pri-
ority, which is set by the wiring of the RACKO, TACKO (Receive/
Transmit Interrupt Acknowledge) daisy chain is generally from top

to bottom in the left-hand connector and then from top to bottom

in the right-hand connector. Full width cards use the higher pri-
ority left-hand connector. Memory Address and Data lines are shared
between both connectors. Figures 5 and 6 show the assigmment of
boards in the chassis for the 7/16 and 8/16 systems, respectively.

The Multiplexor Bus

The multiplexor bus is a bidirectional 16-bit general purpose bus
which is used for communication between the CPU and I/0 devices
under program control. Interdata numbers the bits 0 through 15. O
is the MSB. The function of the bus is controlled by 5 strobe

lines. Note that Interdata mnemonics are terminated by a 1 or 0O
indicating whether the line so labeled is active low (0) or high (1).
The data bus lines are active low. The function of the lines is

as follows.

2-1
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2.3.2

ADRSO (address control line) indicates that bits 8§ through 15 on
‘the bus are to be interpreted as an I/0 device address. An addressed
device is required to latch its selection for further use. Addresses
are hardwired on the cards and are not affected by slot position.

An addressed device returns a control line HWO (Half Word Control)
which indicates if data transfer operations are on a half word
(16~bit) or byte (8-bit) basis. Byte transfers use bits @8 through
15.

SRO (Status request control line) places the device status byte in
bits 8 through 15 on the bus from the previously addressed device.
Note that status bits 12-15 are predefined in meaning and are auto-
matically transferred to the program status word where they may
affect the execution of the program. The meanings are:

Bit 12 Device busy. .

Bit 13 Examine status or time out. High true
Bit 14 End of medium.

Bit 15 Device unavailable.

Bits 8-11 are available for newly defined functions and will be
device peculiar.

DRO (Data Request). The CPU reads either 16 or 8 bits from the
device addressed.

DAO (Data Available) indicates that either 16 or 8 bits of data
are present on the bus for the device to read. This control
strobe is normally used to latch the data into a register in the
I/0 device.

CMDO (Command) indicates that bits 08-15 on the bus are to be
interpreted as command functions. These will normally be latched
by the device.

Programming manuals should be consulted for information on the
instruction formats required to operate the multiplexor bus.

Direct Memory Access I/0

Two types of provision for Direct Memory Access (DMA) are possible
in the Interdata hardware system. Priority in access is set by
the wiring of the ACTO/TACO daisy chain and is normally from top
to bottom of the card slots.

The first type of provision is that of the dedicated DMA controller
which is associated only with one device. The only example of this
type in the system is the integral DMA controller for the CDC disc

contained on the Xebec disc interface card used in the 7/16 systems.
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The second type of provision is the use of an Interdata selector
channel (SELCH). This full width card, which can only be installed
in even numbered slots and requires back plane wiring changes to in-
terrupt the multiplexor bus physically on the connector 1 side

of the chassis. The bus below the SELCH up until a second SELCH

is reached becomes a so-called "private bus." Devices using con-
nector 0 are unaffected. At the second SELCH, the multiplexer

bus is reestablished from the O connector side and a second pri-
vate bus established below it, etc.

In the resting state, each SELCH connects its private bus to the
multiplexor bus so that programmed I/0 can take place with all the
devices connected to that bus. For a DMA data transfer to take
place, the I/0 device must first be addressed and any necessary
initialization accomplished. The appropriate SELCH is then ad-
dressed and the memory starting and finishing addresses loaded.

A GO command is then issued to the SELCH which then commences the
data transfer to or from memory on a cycle stealing basis with the
last device addressed on its bus. Data transfer is regulated by
the busy/done status bit and is terminated by any one of status
bits 13, 14, or 15 or when the final address is reached. At the
termination of the data transfer, the SELCH interrupts the pro-
cessor which is then able to read the actual final address.

Note that during a DMA operation by the SELCH on its private bus,
there is no multiplexor bus access or simultaneous DMA data trans-—
fer to other devices on the same private bus.

For more information on the hardware or software associated with
DMA operations, refer to the appropriate Interdata manuals.

Overall Computer System Arrangement

Figure 7 shows the overall arrangement of the peripherals connected
to the Interdata computer. Note that this shows the 7/16 system

in which the Disc Controller has its own DMA controller. Im the
8/16 system, a third SELCH is positioned above the Disc Controller
card. The DMA priorities are, first, the 10 Mb disc; second, the
Front End Processor (FEP) interface EKO, and third, the Tape Con-
troller and System Display. The philosophy assumed here is that the
disc will always be the data repository during sounder operation

and that transfer to tape will be programmed to occur when the rest
of the system is idling or carrying out data processing.

Interfaces between the multiplexor bus and the Digital Input/Output
(DIO) bus, the FEP, and the System Display are implemented using
general purpose interface boards (GPIO) manufactured by MDB Systems.
These contain the standard logic necessary to interface with the
multiplexor bus and have space for wire wrapped logic necessary for
the particular application. These will be described in Section 3.

.
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Figure 7 also shows the source of interrupts and the more impor-
tant status lines. Each GPIO board has one or two device con-
trollers each containing the necessary logic for one interrupt
line and one independent status word. The Interdata multiplexor
bus addresses for each device are also shown.
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3.1

3.1.1

3.1.1.1

SPECIAL PURPOSE INTERFACES TO THE INTERDATA

General

There are three special purpose interfaces to the Interdata multi-
plexor bus which are implemented using GPIO cards manufactured by
MDB Systems, Inc. MDB refers to these as Universal Logic Modules.
The MDB manual on the printed circuit portion of the board is in-
cluded in this manual as Appendix 1. This must be understecod in
order to follow the descriptions of the 3 special interfaces con-
structed with these boards which follow.

The DIO System and Interface
General

The Digital Input/Output (DIO) bus is an extension of the multi-
plexor bus to enable a large number of relatively slow control and
status monitoring operations to be multiplexed through one inter-
face to the Interdata. The bus structure was chosen so that the
simplest possible interface using a minimum package count could be
incorporated directly into the device requiring control or status
readout. The general arrangement of the DIO bus itself is shown
in Figure 8. 25 lines are used with ribbon cable and connectors.
8 lines are used to send data from the Interdata and 8 lines to
receive from the device. 6 lines are used to specify a device
address 1-63. Address 0 is excluded from use as this is the address
initialized on turn~on. The remaining 3 lines carry an address
strobe, a data write strobe, and ground.

The operation of the bus is as follows. No handshaking is used.

To send data to a device, the Interdata places the DIO address in

the least significant 6 bits of the least significant byte and the
data in the most significant byte of a 16~bit register. The contents
of this register is then sent on the multiplexor bus to the DIO in-
terface card where it is latched into an output register. This auto-
matically starts a sequence of strobe pulses which first latches the
appropriate address decoder on the DIO bus, latches the data word
into a register in the addressed DIO device and latches the data or
status byte placed on the DIO bus by the device into an input data
register on the DIO interface card. The latter can then be read by
the Interdata using an appropriate multiplexor bus instruction. If

a read only operation is desired, a command is used to change opera-
tion of the DIO interface so that the write strobe is suppressed.
This enables status to be read without disturbing the contents of

the device data register. In many DIO devices, the contents of the
data register are reflected in the status byte to permit verificatiomn
if desired. Appendix 2 contains a directory of DIO devices and the
control and status assignments.



'S0R

©10

'R BV

AHL 40 LNIWIDONUYIY MYIAWNT )
,Z 1 .(,_. ay
=43 Fo\Vaq oxg 330 010 ONIgIaNATNAH |

20130

.,_\\ Loz

&V\ ; Wiy (g

> m\\ S34E9 Uioyd wivo

~< m\ SFIT OL Uiyl

/
0~ Ss3ayoo

RERR= 15 (o) S Xa YR e X ¢

I GOYLS TSI JO0Y

OgNNOYY v

WL Oy T LN T

FOVLPELNI

3-2



3.1.2

I

One DIO device which is slightly different to all others is the
Housekeeping ADC. This is specially wired to the interface card
to permit the return of a 12-bit data word from the ADC.

The DIO Interface Card

This is built on a MDB ULM GPIO card with the second controller
and I/0 register 2 options incorporated. The schematic of the

added logic in the wire wrapped section is shown in drawing
HFS006.

Figure 9 shows the timing diagram. The MDB gated data available
strobe DAGLO (pin X 111) starts a timing sequence whenever new
data are placed by the Interdata in Output Data Register 2. The
DIO bus lines carrying data from the interface come from this
latter register, and the bus lines to the interface go to Input
Data Register 2, P3 carries the normal 25-pin DIO bus. P2 carries
the expanded DIO bus with 12 input lines for the HSK ADC output.

Immediately following the gated strobe DAGLO 0S1 generates a 0.5 us
delay to allow the DIO lines to settle. A 1 us address strobe is
then generated by 0S2. There is then a further 0.5 us delay fol-
lowed by a = 1.7 us data strobe. The data strobe low causes the
previously addressed device to enter the data from the interface
output register into its input register and also causes the de-
vice to put its output data on the lines to the interface input
register. On the rising back edge of the data strobe the data
transfer is latched in both the device input register and inter-
face input register. It is necessary in programming to ensure that
new data are not placed in the interface output register until this
= 4 us cycle is complete. The data strobe can be inhibited by bit
15 of the command register in the ULM being set low. The state of
this line can be read as status bit 10. When inhibited, the DIO
only reads from a device but does not change the contents of its
input register. At power up, the system reset pulse SCLR10 resets
the interface output register to 0.

The DIO bus is driven by open collector buffers with resistive pull-
up. This causes the back (rising) edge of the strobe pulses to be
slow. This minimizes noise coupled from the strobe at the instant
of data or address latching. Some device registers are connected
directly to RF filters which slow the response of the register out-
put. The increased length of the data strobe (1.7 us) allows for
this increased settling time so that the register can latch cor-
rectly.

The DIO bus signals generated by the interface are suitable only
for distribution over short distances within the system racks be-
cause they are unbalanced and subject to ground loop noise.
Hardware has been designed to allow the extension of the DIO

to medium or long distances from the system racks.
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3.1.3 DIO Receivers

A typical DIO bus receiver incorporated in various devices in
the system is shown in drawing HFS134. The strobe signals are
filtered by low pass filters R,C, and R,C, with = 100 ns time
constants before being reforme% %y the %igh impedance input
hysteresis gates UL. A power-up reset is applied by means of

R,C, to ensure that the address comparator latch is reset to

the not true state. The device address is set by wire links at
the comparator input. When the comparator sees its address on
the bus, its latch is set by the strobe taking pin 9 TRUE. This
turns on the output tristate buffer which places the status out-
put of the device on the bus and enables the receiving buffer.
The following data strobe, if received, turns on the tristate re—
ceiving buffer and writes the data into the tristate latch which
maintains the data out from the receiver after the data strobe is
completed. Unused status inputs of the receiver are normally
strapped to the receiver outputs to permit computer verification
of receiver operation.

3.1.4 DIO Programming

The DIO is interfaced through an MDB ULM 16-bit I/0 card. The
Device Address of the ULM is 37 6" Each system connected to the DIO
has in addition, a DIO 6-bit adéress. These addresses are listed

in the DIO directory (Appendix 2).

Each device connected to the DIO can receive and latch an 8-bit con-
trol byte and transmit an 8~bit status byte (12 bits in the case of
the ADC output). Depending on the command given to the ULM, a DIO
operation may be a read only or a read and write control byte. To
the Interdata, all DIO operations appear as data inputs and outputs.
The following should make this clear.

To read status from a DIO address:
1. Output command byte to the ULM to set DIO read only state

ocC

OCR } 0037,

6’ XXXXXXXO2

Note, this is a byte transfer command, and the address in
memory of a byte must be specified. This command is latched
in the ULM and need not be repeated for a series of reads.
The state of this command is echoed in bit 10 of the status
word from device 37.

X = bits that do not affect this operation. In this case, the
2 MSB of the command byte control interrupt status.
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Address the DIO device:

WD

WDR XXABCDEF

} 0037

16’ 2

ABCDEF is the binary DIO 6~bit address. This is latched
in the ULM DIO controller.

Read the status of or data from the DIO address.

For 8 bits:
RD 0037, ., A(X,)
RDR } 16 R2 2

The contents of R, or AX, is now the 8 bits returned from the
last DIO address outputtéd.

12 bits:
RH U 0037,,., A(X,)
RHR J 16 R, 2

The contents of A(X,) or R, will now be a 16-bit word contain-
ing the 12-bit 2's Complemént number from the ADC, right jus-
tified with the sign bit extended.

To read and write to a DIO address.
Output command byte to the ULM to set the read/write state:

oC

OCR XXXXXXX1

} 003716, 2

(Note, this command is latched and need not be repeated for
a series of read write operations.)

Address the DIO device and output to the DIO device.

WH \
wir  f 0037 LMNOPQRSXXABCDEF

A-F is the 6-bit DIO address.
L-S is the desired output byte.

Read from the DIO device:

As 3 above.
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3.2

In very many cases where the DIO device is basically a controller
(for instance for an attenuator), the data returned on read are
merely the state of the active bits in the output latch plus, in
some cases, a status bit showing if a manual override has been in-
voked. The read function can be used to collect overall status
and to check on the correct receipt of a write operation.

The Front End Processor (FEP) Interface

‘The wire wrappéd logic section of the FEP interface is shown in draw-

ing HFS008. The interface is built on a MDB ULM card with no- 0pt10ns.
implemented. The dev1ce address is 7716

16 data lines are received from the FEP. A control line, Data Ready,
which is active high indicates to .the interface that the FEP has a
block of data ready to transfer to the Interdata. Two control lines
go from the interface to the FEP. Firstly, an address counter incre-
ment (INC) which enables the interface to step through the FEP output
menmory and secondly, a RESET line which resets the data ready flag
and indicates to the FEP that the data transfer is complete.

Figure 10 shows the timing of the wvarious operations associated with
the data transfer. Inltlally, the 16-bit presettable counter formed
by J5, J15, and J14 is reset as is the EOM status bit 14 control flip-
flop K15. Thus EOM is high indicating that there are no data to
transfer. This also holds,the-"busy/done" status bit 12 high (busy)
via gate L13B. Status bit 15 indicates whether the FEP 5 V power. is
present via F9A. A general reset to the interface having the

same effect as the Interdata system.clear can be applied by

command bit 11 via F9B and F9C. The command bit should nor-

mally be high and is taken low for reset.

When the FEP has completed a processing cycle, it exchanges control
of its output memories so that the data to be transferred comes under
the control of the output address counter. This counter will have
been previously reset to zero. The data block to be transferred must
start at zero and the contents of location zero must be the block
count (maximum 1023).

The FEP now signals its readiness for a data transfer by taking its
data ready (P2, 3) high. This signal is filtered and reformed on the
interface board by a 100 ns time constant and hysteresis gates 11M.
The state of this reformed signal is made available to the Interdata
as status bit 11 (active high). The edge initiates an interrupt from
device 77,, via L13A. The edge also triggers 0Sl1 which produces a
0.5 us puise. This presets the counter J5, 15, 14 with the 1's
complement of contents of word zero in the data block. On the back
edge of the OSl1 pulse, 0S5 is triggered which sets the EOM control
flip-flop indicating that the interface is now ready to transfer
data. The busy/done status bit is now released.
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3.3

In normal operation, the Interdata system responds to the inter-~
rupt by giving the SELCH a GO signal having previously loaded the
buffer memory addresses. For test purposes, transfers may be
made under program control either using interrupt initiation or
by inspection of the data ready status bit. In either case, the
first data word is transferred by the gated data read pulse
DRG10. This enables gates F5, 7, 14, and 15 to place the data
from the FEP memory on to the multiplexer bus (or SELCH private
bus if this is enabled). The front edge of DRG10 fires 0S2 and
0S3. 0S2 generates a 1 us pulse which is sent as an increment
(INC) control signal to the FEP. The address counter in the FEP
increments on the back edge of the 0S2 pulse. This pulse also
increments the block counter J5, 15, 14. 0S3 generates a 4 us
pulse which takes the busy/done status bit 12 to busy. The length
of this pulse is chosen to prevent the FEP interface monopolizing
the Interdata memory bus. When the busy signal times out, the
Interdata (or SELCH) responds with a new DRG10 pulse which reads
the second word of the data block, and the transfer proceeds in
this way at a maximum rate of about 200 kHz until terminated.
Termination will normally occur when the block counter J5, 15, 14
reaches all 1's which is decoded by K14 and K13. This takes the
data input to the EOM control flip-flop K15 low. The rising edge
of the next DRG10 pulse via 0S2 clocks the flip-flop taking EOM
high and terminating the sequence. One more word than the block
count is thus transferred. The flip-flop transition triggers 0S4
which resets the block counter J5, 15, 14 and sends a reset to
the FEP address counter which also clears the FEP data ready flag.
In the case of a SELCH transfer, the data transfer can also be
terminated first by the SELCH if the memory buffer length allo-
cated is shorter than the FEP block length. If this occurs, then
it is necessary to command an interface reset to permit the next
cycle to proceed correctly.

The System Display Interface
This interface is built on an MDB UIM GPIG board. Input and out-
put register 2 options are incorporated. As the functioning of

this interface is an integral part of system display operation
refer to the System Display Manual for details of this interface.
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4.1

INTERRUPT STATUS READOUT, AND COMMAND STRUCTURE

The MDB ULM GPIO boards each have one set of interrupt logic and
space for a second set of logic to provide both an interrupt and
status word input from an independent device address. These capa-
bilities are used to provide for interrupts and status indications
from external devices which are not necessarily directly connected
with the main function of the ULM board as a data interface. The
following section summarizes the sources and meaning of the various
signals. The existence of a hardware interrupt or status line does
not necessarily mean that existing software makes any use of the
information.

Interrupt and Status

Interrupts are generated from 9 sources. These are grouped to ap-
pear from 5 different Interdata device addresses. Distinction
between sources in a group is achieved by reading the status word
associated with the device address returned by the interrupt service
routine. The interrupt sources are:

Group l: Device Address 37 (DIO I/O Board). Status bits 8, 9,
12-15 are tied low.

a. End of Conversion (EOC INT). Generated by the housekeeping ADC
when a requested conversion is complete. OQutput data are avail-
able via the DIO. Status bit 10 goes to zero if this is the
source of the interrupt. The status indication remains at zero
until a new conversion cycle is initiated. This source can be
disabled with a switch on the DIO Interface board.

b. Timing Sequence Generator complete (TSG INT). Generated by the
ISG when the current sequence of operations is complete. Status
bit 11 goes to zero if this is the source of the interrupt. The
TSG will reset the status line when commanded to commence a new
sequence.

Group 2. Device Address 47 (DIO 1I/0 Board). Status bits 12-15 are
tied low.

a. +15 dBm Overload. This indicates a gross receiver overload which
causes the crystal filter damage level to be exceeded. The re-
celver protection circuit latches and introduces a large value of

IF attenuation by turning off all current to the diode IF attenua-
tor. The latch is reset, if the overload has been removed, by the
TSG applying the system reset. Status bit 11 goes to zero if this

is the source of the interrupt and returns to 1 when the latch is
reset.



Analog Overload. This indicates an output from the analog /X2 + Y2
converter of greater than the full scale ADC range of 10 V. A

100 us analog time constant filters the input to the threshold cir-
cuit to prevent it responding to isolated noise impulses. Status
bit 10 goes to zero for the duration of the overload. This is the
only nonlatched bit in this group, so the absence of a correspond-
ing status indication to this interrupt must indicate a transient
analog overload condition.

Front End Processor (FEP) Overflow. This indicates that a numerical
overflow has occurred in the FEP. Status bit 9 goes to 0. Reset
occurs when a new start instruction is given to the FEP.

FEP Power Failure. This indicates that a power failure has
occurred in the FEP of such a magnitude that data may have been
lost from the volatile memories. Status bit 8 goes to zero. A
"permanent" zero indicates continuing power failure. Reset occurs
when a new program load is given to the FEP.

Group 3. Device Address 57 (System Display Interface Board)

a.

System Display. Indicates that the current display instruction
has been completed. It is not normally responded to by the
program as this device normally operates in the DMA mode via the
selector channel. Status returned is the standard busy/done on
bit 12 which is used to control data flow from the Selch. Status
bit 11 goes low when the light pen flip-flop is set. All other
Status bits are strapped low.

Group 4. Device Address 67 (System Display Interface Board)

a.

System Display Light Pen. Indicates that the light pen flip-
flop has been set and the XY address stored to be read through
address 57. Status bit 11 goes low. All other Status bits are
strapped low.

Group 5. Device Address 77 (FEP Data Interface Board)

a.

FEP data ready. This indicates that a data file is available for
transfer from the FEP output memory to the Interdata. Status

bit 11 goes high when the data are available and is reset at the
completion of data transfer. Data transfer is regulated by the
standard busy/done on Status bit 12. The completion of a data

file transfer is indicated by Status bits 15, 14, and 12 going high
(DU, EOM, EX).

Auto Bootstrap Sense Switch. Status bits 10, 9, and 8 are used
to sense the position of 82 and S5, on the bootstrap loader con-
trol panel. S, controls bit 10. "Low = DSC2; high = DSC 1. Bits
8 and 9 are usad as a 2-bit word for file select. @ = file 1;

1 =file 2, 2 = £file 3, 3 = file 4.



4.2

Commands

Commands are latched on the MDB Interface boards. The following
are used for specialized functioms.

Group 1: Device Address 37 (DIO I/O Board) CMD 151. When low
sets DIO read only condition. When high sets read
and write. Condition indicated by status bit 10.

Group 2: Device Address 47--no commands.

Group 3/4: Device Address 57/67 Display Interface board--no com-
mands.

Group 5: Device Address 77 FEP Data Interface Board

CMD 111. When low, this inializes all interface flip-flops. If
a data transfer is not fully completed, ths reset should be com—
manded before starting another cycle. SCLR 10 also performs this
function.

General: CMD 101 is not used for SELO as shown in the MDB command
register drawing. SELO is strapped for half word opera-
tion on all boards. CMD 08 and 09 have the standard
Interdata interrupt arm and enable function on all inter-
face boards.
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5.1

SYSTEM TIMING AND SEQUENCING
Timing

The Timing Sequence Generator (TSG) provides control lines to various
parts of the RF and data processing system which provide the sequencing
necessary to switch from receive to transmit, define the transmitter
pulse length and modulation, revert to receive, acquire digital data
from the receiver at the desired ranges and initiate the data process-—
ing cycle.

For details of the way the TSG timing lines are generated and the
detailed function of the timing control inputs to various parts of the
system, the appropriate technical manuals should be consulted. The
intent of this section is to give a system level overview.

The basic system clock in normal operation is the 10 MHz oscillator in
the AILTECH synthesizer. This is an ovened oscillator with a stability
of 5 parts in 109 per day after 72 hours operation. This is used for
the clock of the microprocessor in the TSG and to generate the 100 kHz
clocks used for data conversion and therefore range determination.

In the absence of line power to the TSG, a low power 100 kHz oscillator
maintains the time of day clock which is kept running on lead acid gel
batteries.

'There are three groups of output lines from the TSG. The first, called
the RF state vector is intended for critical timing operations which
must be coherent with the system clock and which take place during the
transmitting and data acquisition cycle. These are the lines which
are directly controlled by the TSG "scenario" look up tables. These
lines are reclocked by D flip-flops at the TSG microprocessor output
ports to ensure absolute coherence with the 100 kHz system clock. The
second group, called the FEP state vector, are used for noncritical
timing operations which are carried out either before the start of a
scenario sequence or after it is completed. The allocations of these
groups is shown below.

RF Output State Vector
(TSG Processor Address 46(@)

LSB Bit O Transmit Enable 1
Bit 1 Transmitter keying
Bit 2 Transmitter phase code §
Bit 3 Transmitter phase code §
Bit 4 FEP input memory write enable
Bit 5 Receiver Fast Attenuator Control FAl
Bit 6 Receiver Fast Attenuator Control FA2
Bit 7 Transmit Enable 2

5-1



FEP Vector
(TSG Microprocessor Address 6E@@)

Bit O FEP input memory select

Bit 1 FEP input memory address counter reset

Bit 2 Spare

Bit 3 Receiver phase code @

Bit 4 FEP start 3

Bit 5 Spare

Bit 6 Sample interval (10 ps/20 u s)*

Bit 7 FEP Busy/Done flag (This is an input to the TSG.)

#This line controls logic on the T3G board which can pulse the FEP write
enable line to cause every other sample to be taken.

The third group of outputs is the FEP command byte usually used as the
starting address.

Figure 11 shows a typical sequence of operation of these lines. After
a start from the Interdata has been sensed, the TSG waits for its in-
ternal clock pacer. This starts the scenario sequence.

The first line to be exercised is normally the Transmit Enable 2 line.
This controls the power supply turn-on of the ENI A300 solid-state
power amplifier. This amplifier requires = 200 us to turn-on com-
pletely. This line is active low at the input to the A300. The next
line active (also low) is the main Transmit Enable 1. This line is
used for multiple purposes. In the receiver, it mutes by opening

the antenna multiplexer switch and the Fast diode attenuator control.
If the overload protection latch in the receiver has been tripped,

the Transmitter Enable 1 line resets the latch providing that the
overload condition is corrected. In the high power amplifier, the
Transmit Enable turns on the cathode current in the final tubes. This
occurs quickly and only 30 us delay is required before RF drive can be
applied. The next active line is the tranmitter keying line. This
controls the length of the RF pulse transmitted. While this line is
active, the two Transmitter phase code lines $_ and @, can be used to
modulate the phase with a sequence of 1 out of™4 quadgature phase
states. Following the end of the transmitter keying pulse, the two
Transmit Enable lines are taken inactive and the system reverts to re-
ceive. Data are now acquired at the desired ranges by enabling the FEP
input memory write enable. This can be enabled and disabled as many
times as desired as long as the total number of memory locations
filled does not exceed 512. If the tramsmitter keying line is now
again taken active and any phase code repeated, a low level pulse will
be generated at the calibration pulse output. This is normally fed to
the receiving antennas and data acquired to form a calibration record
of the system. During the data acquisition interval, the receiver
fast attenuation lines may be changed at specific ranges to give O,
20, or 40 dB changes in attenuation. The response time of the atten-
uator is faster than the characteristic response time of the receiver.
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5.2

| At the completion of the timing scenario execution, the TSG

tests the FEP busy/done flag and, if necessary, program loops
until a done is sensed. The TSG then reverses the FEP input
memories and issues a reset to the address counter. A FEP
starting address is issued and the FEP start control line

taken active. At some point in this last sequence, the receiver
phase control line @.,, which provides a 180° phase reversal in
the antenna multipleXers, can be reversed if desired. The TSG
at this point has completed its program and loops, sensing for

a new start from the Interdata after taking its status line to
"done."

Operating Sequence

The basic operating sequence and data pipelining and the interactions
between the Interdata, the FEP, and the TSG are illustrated in
Figures 12 and 13. This is of course dependent on Interdata program-
ming, but the details are unlikely to change much for any basic sound-
ing operationm.

Taking the sequence from a start-up (NB sections with the same
number occur within the same basic timing interval):

1(a) The Interdata loads a command byte into the TSG
and sets the desired receiver/transmitter control
parameters (frequency, attenution, etc.).

1(b) The Interdata issues a TSG ST (start) to the TSG,
by toggling the non maskable interrupt line via the DI10.

2(a) On the next timing index (specified by the TSG
program), the TSG starts the timing sequence be-
ginning with the transmitter enable and transmitter
pulse 1 through terminating the data acquisition in
the FEP input memories connected to the ADC's. The
TSG then tests the FEP busy/done‘and if done reverses
the FEP input memory, loads an FEP starting address,
and issues an FEP start. Depending on the type of
measurement and the programs selected, this sequence
may loop a specified number of times. At the comple-
tion of the overall sequence, the TSG issues an
interrupt TSG Done INT to the Interdata.

2(b) The Interdata changes frequency, attenuation, an-
tenna selection, etc., as required and issues a
new TSG ST.

3(a) As 2(a) (pulse 2).

3(b) (Starting in period 2.) The FEP processes the data

results from pulse 1 (or pulse sequence 1). When
the processing is complete, the FEP places the
appropriate output memory with the processed data
under control of the Interdata ECHO DMA port and
issues an interrupt FEP Data Available INT to the
Interdata.
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3(c) (May overlap into 4.) The Interdata responds to the
FEP INT by instructing the DMA controller (SELCH) to
load data from pulse 1 from the FEP output memory
into the Interdata memory.

3(d) As 2(b).

4(a) As 3(a) (pulse 3).

4(b) 3(b) for data results from pulse 2. Checking that
data from previous processing has been read.

4(c) As 3(c) for data results from pulse 2.

4(d) As 3(d).

5(a) As 4(a) (pulse 4).
Ete.

In the case of signal averaging or complementary coded pulse
deconvolution operations, the TSG and FEP operate together to
form a sequence of transmitted pulses which are operated on by
the FEP to form one output data block for the Interdata. The
sequencing is controlled by the TSG in its repeat count mode and
or by more complex scenarios, e.g., both parts of a complementary
code sequence can be sent as one scenario. In this mode, the
repetition rate limitations are set by the time required for pro-
gram execution by the TSG and FEP and this is not limited by the
Interdata.
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6.1

6'2

THE HOUSEKEEPING ADC/MUX
General

The Housekeeping ADC and Multiplexer is used for the collection
of housekeeping parameters such as voltages and temperatures in
the system and may also, with suitable system programming, be
used to obtain data from extermal geophysical sensors. Note that
the main XY receiver outputs are separately digitized by conver-
ters contained in the FEP. The ADC system consists of commercial
building block modules forming a 64-channel multiplexer and
12-bit ADC which is interfaced to the DIO bus to permit address
selection and conversion. A conversion is completed in = 30 us.
The inputs are unbalanced, + 10 V range, and the output is coded

in effset binary: -10 V = 0001 and + 10 V = FFFig.

Circuit Description
The schematic of the system is in drawing HFS 400.

The system selects (on demand from the CPU) a specific (1 out of 64)
analog channel for the ADC, where the analog voltage at this channel
is converted to a 12-bit digital data word. The End-Of-Conversion
(EOC) is sent to the CPU and its result is stored in the ADC for
transfer to the CPU on demand.

This data cycle starts with a CPU-originated address 33,, = 110011
placed on the 6-bit DIO address bus. A 6-bit Unified Bus Comparator IC
1 (DM8131) is used to detect equivalence between two 6-bit words. One
comes from the 6-bit address bus and is latched-in by ADDRESS-STROBE;
the other is provided by 6 hardwired bits, changeable by wire links.
The address coincidence is_sent to a tri-state octal buffer, IC 2
(DM81LS95N) as an enable (TRUE).

The desired channel number appears as a binary code on the 8-bit DIO
OUTPUT DATA line. As only 6 of the available 8 bits are used, the code
can reflect up to 64 channels.

The result of 3316 detection in IC 1 (ADDR) enables IC 2 in coincidence
with its DATA STROBE input. The channel number is accepted by the

channel MUX of the ADC on the occurrence of the LOAD ENABLE = ADDR +

DAT STRB pulse and its 2-gate delayed version (IC 8) used as STROBE.

The acceptance and number of the required channel can be reported back
to the CPU by the DIO Address Y "33" via IC 3 on the DIO data lines re-
turning to the CPU.

The ADC is described in the MP6848 Expander and the MP6812 ADC data
sheets (Appendix 3).

[

The time relationships pertaining to the ADC, from the address update
to the data word output to the CPU, are shown in Figure 14.

6-1 Revised 3/11/80
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6.3

At Or— s A —at———— 4t o

The conversion starts 7 us after the acquisition of channel data due to
an internally delayed ADC pulse. End-Of-Conversion (EOC) occurs after a
maximum of 28 us. EOC is buffered by IC 9. The converted data word is
presented to the CPU via IC's 4 and 5 on the DIO data input lines,

if the DIO Address X "34" and the ADDR STRB are given.

Operation

Care is necessary in the conmmection of the inputs to the Housekeeping ADC
if errors are to be avoided. The input impedance of the channels is ex-
tremely high (> 100 MQ) and the bias currents although small will produce
large offsets in open circuit channels. Unused inputs should be short cir-
cuited.

Input voltages must be kept within the limits + 12 V to avoid errors in
other channels. The system uses unbalanced inputs and care must also be
taken to minimize ground loop DC offset errors in making connection to
signal sources.

AC common mode voltages will also cause errors. Remote sources of data

should be buffered by auxiliary instrumentation amplifiers to reduce common P

mode interference effects.

The source impedance of the inputs should be kept low if errors due
to transient charge dumped by the input multiplexer are to be avoided.
If the source resitance is >1KQ it is recommended that a 0.1uF
capacitor or greater be added in parallel. Sources which are to be
sampled rapidly should come from low impedances if errors are to be
avoided.

£



7.1

7.2

TEMPERATURE SENSORS
General

Temperature sensors are used to monitor cabinet air temperatures,

the High Power Transmitter cooling air temperatures, and ambient
temperatures. The sensors are integrated circuits designed for

this purpose which produce an output voltage linearly related to
temperature (10 mV/°C) and which can be zeroced at 0°C for ease of
interpretation. Table 7.1 lists the positions nominally

assigned for the sensors. A similar assembly with a different
schematic is used in the High Power Transmitter as an overtemperature
warning.

Description

Mechanical details of the temperature probe are shown in drawing
number HFS 193. The PC board which is mounted in the sensor can
be either a TM (Temperature Momitor) board, or a TC (Temperature
Controller) board. The circuit diagrams for both boards are also
shown in drawing number HFS 193. The TM board has an analog output
proportional to Celsius temperature at 10 mV per Celsius degree.
The TC board has a TTL output which goes low when the temperature
exceeds a set threshold. The TM board is used in all positions,
and, in addition, a TC board is used in #10, the PA upper tube exit
air. Characteristics of Ul, the LX5700 temperature transducers,
are given in Figure 15.

All temperature sensors are connected to the temperature monitor
panel, located in rack 1. Those which are located in the same
rack are connected through cables having 5 pin amphenol connectors
(#5, #6, #12, #13). Those in racks 2 and 3 are connected. through
cables having 5-pin amphenol connectors to a junction box in each
rack, which adapts to a single 25 line ribbon cable with "D" con-
nectors which connects to the temperature monitor panel. A wiring
diagram of the temperature monitor panel is shown in drawing number
HFS 192. All the temperature sensors receive their + 15 volt supply
and ground connection from the temperature monitor panel. 1uF
capacitors have been added in parallel to all the monitor outputs
in most systems to reduce transient noise errors.

An additional sensor containing a temperature control board is mounted
at position #10 (PA upper tube exit air), and is connected to the
transmitter controller. When the preset temperature is exceeded,

the ocutput goes low and signals a fault to the controller, which

turns off the transmitter without dumping and sends an interrupt to
the Interdata.

The manufacturer's data sheet should be consulted for additional in-
formation and specifications of the LX5700 sensor.
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LXEB00A/LXE600, LX5700A/LX5E700 temperature transducer

general description

The LX5600/LX5700C series temperziure trans-
ducers are highly accurate temperature measure-
ment or control systems for use over a -55°C to
+125°C temperature range. Fabricated on a single
monolithic chip they include a temperature sensor,
stable voitage reference and operational amplifier.

The output of the LXB600/LX5700Q is directly
proportional to temperature in degrees Kelvin at
10 mV/°K. Using the internal op amp with external
resistors any temperature scale factor is easily
obtained. By connecting the op amp as a compar-
ator, the output will switch as the temperature
transverses the set-point making the device useful
-as an on-off temperature controiler.

An active shunt regulator is connected across the
power leads to the LX56600/LX5700 to provide a
stable voltage reference. In addition to providing
a reference, it regulates the operating voltage to

6.8V. This allows the use of any power supply -

voltage with suitable external resistors.

The op amp can amplify the 10 mV/°K from the
sensor to ahmost any desired output. The input
bias current is low and relatively constant with
temperature, ensuring high accuracy when high
source impedance is used. Further, the output

collector can be returned to_a voltage higher than
6.8V allowing the LX56G0/LX5700 to drive lamps
and reiays from a 28V supply.

The LX5600 uses the difference in emitter-base
voltage of transistors operating at different current
densities as the basic temperature sensitive element,
Since this output depends only on transistor
matching the same religbility and stability as
present op amps can be expected.

The LX5600 and LX5600A operate over a—55°C
to +125°C range and are available in 4 lead TO-5
package. The LX5700 and LX570CA also operate
over the —=55°C to +125°C range and are available
in the 4 lead TO-46 package.

features

a Calibration accuracy of *4°C over —55°C to
+125°C
Internal op amp with frequency compensation
Linear output of 10 mV/°K (16 mV/°C)
Directly calibrated in degrees Kelvin
Output can drive loads up to 35V

® Stable voltage reference
Four lead device—minimizing wiring

block and connection diagrams

| active
\ ZENER
6.8

%)

SENSOR

SUTPUT
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TO-5 Metal Can Package
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TOP WIEW
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TO-46 Metal Can Package
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10

11

12

13

Position

Rack 1 (Computer)

" 1"

Rack 2 (Receiver)

" "

Rack 3 (HPA)

Room

Outside

Table 7.1

7-3

Function
Upper Exit Air
Lower Imnlet Air
Computer Exit Air
FEP Exit Air
Upper Exit Air
Lower Inlet Air
Upper Exit Air
Lower Inlet Air
PA Inlet Air
PA Upper Tube Exit Air
PA Lower Tube Exit Air
Air Temperature

Air Temperature
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INTRODUCTION

This document describes the installation, configuration and applications of the
MDB Systems Universal Logic Module ( ULM) for Interdata computers. This description
assumes a general knowledge of designing device controllers to the Interdata Multiplexor

or Selector Channel 1/O bus.

The ULM is a module that contains the basic logic to interface any device controller to
the computer /O bus with up to four 16+bit input/output data registers. Approximately
one-half of the ULM board has provision for wirewrap sockets or circuits (any configura-
tion) or discrete components to accommodate the user's logic design to a particular
device or peripheral. The purpose of the ULM is to relieve the logic designer of repeti-
tive design, wiring and checkout of the basic handshake logic to the computer that is
common fo all device controllers, thereby minimizing the time and cost to produce a
complete device controller.

GENERAL DESCRIPTION

The ULM is a printed circuit board that is 15 inches square and requires only one slot
position in any Interdata 15-inch chassis. The ULM provides a basic configuration that
buffers all computer 1/O control and data lines and handshake logic to design any device
controller. Within this logic is: device address decoding; status gates to send user
status to the processor; and interrupt request and priority logic.

In an optional configuration, the ULM can provide the handshake logic for a second
device controller if the user wishes to package two independent device controllers on
the same board. This configuration also provides address decoding, status gates and
interrupt control logic or, in place of interrupt control logic, the user may specify data
channel control logic. If data channel logic is specified, the user must design the in-
terrupt control logic on the wirewrap section of the board.

There are also two register options that the user may specify. Register option 1 has a 16=
bit output register that is loaded with the contents of the computer data bus. The outputs
of the register are accessible to the user's logic via wirewrap posts. These outputs are also
sent to a byte MUX so that the user may transfer 16=bit computer data to a byte-oriented
device. This option also includes a 16-bit input register whose contents are loaded from the
user's logic. Each byte of this register may be loaded separately so that the user may pack
byte oriented data into a 16-bit word. The outputs of this register are multiplexed to the
computer data bus under user control .

Register option 2 has a 16-bit output register that is also loaded with the contents of the
computer data bus. This register is also implemented as a 16-bit binary up counter so that
it can be used as a memory address counter for data channel transfers. The user can
increment this counter from the least-significant bit or the second-least-significant bit for
memory word transfers.
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This register option also has a 16-bit input register whose contents are loaded from the
user's logic. Each byte of this register may also be loaded separately and is also
implemented as a binary "up" counter that can be incremented from the least-significant
or second-least-significant bit. The outputs of this register are also multiplexed to the
computer data bus under user control.

For users who only require a byte transfer of data to/from the computer data bus, .the
above options may be ordered with an eight-bit data bus or eight-bit data registers at a
reduced cost.

The wirewrap section of the ULM has provision for up to 92 14 and/or 16-pin integrated
circuits. Some of these socket positions will also accommodate 18, 22, 24 or 40-pin
devices or any components that have .3, .4 or .6 inch centers with lead spacing of .1
inch. At the top edge of the board, provision is made for four 1/O connectors up to 50
conductors each. Ribbon cable sub-assemblies are available from MDB that mate to these
I/O.connectors.

Separating the wirewrap section from the printed circuit etched logic on the ULM are two
rows of wirewrap posts. These allow the user access to the ULM printed logic from his
wirewrap logic. At the bottom edge of the board, all I/O pins directly connected to the
computer backplane are also accessible via wirewrap posts.

ULM BASIC BOARD

The logic for the ULM basic board is shown on ULM logic drawing 2304-3, sheet 1. All
logic terms ending in a O are asserted true in the low state (0 volts) and all logic terms
ending in a 1 are asserted true in the high state (+5 volts), e.g; the term IDO10 is input
data bit 01 and is true in the O volt state.

Data Line Bus Drivers and Receivers

The computer data lines D000 - D150 are received by inverting gates whose outputs are
called ODO01 - OD151. ODO081 - OD151 drive inverters whose outputs are ODO8O0 -
OD150. All outputs are accessible to the user on wirewrap posts. D080 - D150 are gated
with RATNTO0 or RATN20. RATNI10 goes true when the interrupt control logic on the basic
controller retums a device controller address in response to an interrupt acknowledge
instruction. RATN20 returns an address from the second device controller option. RATN20
has a pull-up resistor and is brought out to wirewrap post Y100. The second device con-
troller drives this line with an open-collector gate. If the user mechanizes a third device
controller (a user may design in more than the second device option offered) that handles
interrupts on the wirewrap section of the ULM, he may also drive this line with an open-
collector gate.
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Computer data lines DO00-D150 are driven by the ULM by dual buffers from the

terms called 1D000 - ID150. These lines have pullup resistors and are accessible by
wirewrap posts to the user. The ULM uses these lines to return status, device address,
and data from the register options with open-collector gates. If the user needs to return
additional data to the computer |/O from the wirewrap section, he also must drive these
lines with open-collector gates. Table | lists the data bus terms and their wirewrap pin
numbers.

Device Address Decoding and Control

The device code address of the basic controller must be wired by the user by connecting
the terms DS108 - DS115 in the device address decoding section to the appropriate
output data bus terms OD080/1 - OD150/1. As an example,to select the device address
of X'8B' connect the following wirewrap pins:

DS108 Y116 to X95 oD081
DS109 Y117 to X96 OD0%0
DS110 X115 to X42 OD100
DSint X116 to X100 OoD110
DSt112 Y114 to Y68 OD121
DS113 Y115 to X101 OD130
DS114 X113 to X93 OD141
DS115 X114 to X94 OD151

The device address flip-flop ADF11 is used to gate the control signals SR1, DR1, DA and
CMDT to form the terms SRG11, DRG11, DAG11 and CMG11,respectively. All control

lines from the computer$ 1/O bus are buffered with gates. These outputs are used in the
basic device controller logic and the second controller logic,and are also connected to

Al-5



Table 1, Input/Qutput Data Bus Pin Assignment

Computer Pin ULM Pin ULM Pin
Data Bus | Number Output Bus Number | Input Bus Number
D000 111-1 | ©OD0o1 Y57 10000 Y45
D010 211-1 oDOo11 X 58 1D010 Yé6
D020 112-1 OD021 X 56 1D020 Y67
D030 212-1 OD031 Y58 10030 Y50
D040 113-1 OD041 X59 1D040 Y51
D050 213-1 ODO051 X60 1D050 Y39
D040 114-1 OD061 X57 1D0&0 Y35
D070 214-1 ODO71 Y59 1 D070 Y28
_ oDO081 X95
D080 115-1 50080 e 1D080 Y123
_ OD0%1 X97
DOS0 215-1 SD090 os 10090 Y125
D100 116-1 oD101 Xé7 1D100 Y122
OD100 X42
j OoDI111 X99
D110 216-1 D110 00 ID110 Y124
D120 117-1 OD121 Y68 1D120 Y119
oDI120 X98
D130 217-1 OD131 Y94
7 el Moe D130 Y121
D140 118-1 OD141 X93 ID140 Y118
OD140 Y96
D150 218-1 OD151 X94 ID150 Y120
OD150 X102
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wirewrap pins. These pins are provided to allow the user to mechanize a third
controller in the wirewrap section. Table 2 lists the control line signals and their -
wirewrap pin numbers..

Table 2 Computer Input Control Signals

Computer Pin ULM Pin ULM Gated Pin |
Control Bus Number | Control Number Control Number
ADRSO 219-1 ADRS1 Y112 SAD10 Y113
_ SRG10 X109
SRO 119-1 SR1 X106 SRGTT S
DRO 120-1 | DR1 Y107 DRG10 Y71
DAO 221-1 | DAl Y111 DAGI10 X111
CMG10 X110
CMDQ 220-1 | CMD1 Y110 CMGII X103
SCLR1 X66
SCLRQ 126-1 SCLR10 Y105
SCLR20 ! X104

The user may use the gated control signal CMG10 or CMG11 as a load pulse to a user-
provided command register for such functions as starting a device,or setting a device
mode such as read or write, etc. The DAG10 may be connected to output data to a
device, or to load the output data registers with the ULM's register option. The user
may connect the DRG10 signal to enable user-provided open-collector gates that are
tied to the input data bus ID000-ID150 with inputs from an input device or, with the
register option, he may load data into the input data register and connect DRG10 to
the register to output the contents to the computer data bus.

SRG10 enables eight status gates with outputs connected to the ULM input data bus 1D080
—D150. Each gate input S1081 - S1151 is connected to a wirewrap post to allow the user
to retum status information from the user's logic. A high logic level on the inputs will
return a true status to the computer. Unused status in puts must be connected to ground
to return false status for that bit. The following are the status gate input pin assignments:



USER STATUS INPUT COMPUTER DATA BUS

S1081 X122 boso
51091 X124 D0%0
S1101 X121 D100
STIN X123 D110
SHi21 X118 D120
S1131 X120 D130
S1141 X117 D140
S1151 X119 D150

The gated control signals SAD10, DAG10 amd CMG10Q are gated together to return
SYNO to the computer within 50 nanoseconds. The gated control signals SRG10,
DRG10 and RATNIO are gated together to return SYNO to the computer within 180
nanoseconds. Any control signals from the user's logic that return SYNO must be
connected directly to the computer's |/O connector at pin 123-1 with an open-collector
gate.

The computer's general reset signal SCLRO is gated with a gate input Y103  to allow the
user to generate a controller reset from an external source. SCLR10 is used to reset the
ULM controller logic and is connected to a wirewrap pin. SCLR20 is connected to a
wirewrap pin but is not used by the ULM logic. Either signal may be used by the user
to initialize his logic.

For computer half word data transfers the HWO signal is dual buffered and connected to
two wirewrap pins HW10 (Y101) and HW20 (Y102), One of these pins must be connected
by the user to the ADF10 output (X50) of the address decode flip flop. The other pin may
be connected fo the second device controller or to the user's logic.

Interrupt Control and Priority Logic

The interrupt circuitry is controlled by program control. Data bits 8 and 9 of the output
command instruction control the interrupt logic in the following manner:
Data bit 8 ¢
0 T Enable - Interrupt logic is enabled. When
the user sets an interrupt request the ULM
will set the ATNO line true.
1 0 Disable - Interrupt logic is disabled but armed.
The interrupt will be queued in the ULM
but will not set the ATNO signal until
enabled.
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Data bit 8 9
(T Disarm - Interrupt will not be queued in the ULM.
Any interrupt requests will be ignored
by the ULM. A system reset will disarm
interrupts in the ULM.
0 0 No Change- The previous control state issued to the
ULM will not change with this code.

When interrupt control is enabled the user can issue an interrupt request on IR10, pin
Y109. A negative-going transition will set the ATNO (223-1) line true to the ‘computer.
The interrupt priority logic receives RACKO (122-1) from the computer and if the ATNO
flip flop is set,it generates the pulses RATN10 and RATN11. RATN10 gates D080-D150

to force OD080/1 - OD150/1 true. This logically causes the device address decode inputs
DS108 - DS115 to assume the state of the device address. (X'8B' in the case of a previous
example.) RATNI10 also returns the SYNO line to the processor and resets the ATNO
flip-flop. RATNTI is used to gate DS108 - DS115 to the input data bus 1D080 - |D150,
thereby returning to the processor the device address of the ULM.

If RACKO is received and the ATNO flip-flop is reset,or the interrupt control is not
enabled, the interrupt priority logic generates TACK 10 to wirewrap pin X108. If the basic

controller is the only controller on the ULM with interrupt capability, the user must connect
TACK10 to TACKO pin X107 which is connected to the 1/O connector (222-1).

If the second controller or user-mechanized controllers have interrupt capability, then the
TACK10 from the basic controller's priority logic must be connected to the RACKO input
of the other controller in a daisy-chain manner so that the last controller will have its
TACKO connected to the I/O connector TACKO (X107). With multiple controllers on the
ULM the basic controller will always have the highest priority.

Figures 1 and 2 are a design example using the basic controller with register option 1, with a
simplified 8-bit input peripheral device such as a tape reader. Figures 3 and 4 are an example
using the device controller and register 1 option to interface to a simple 8-bit output

device. ‘
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DEVICE ADDRESS:

COMMAND BYTE

BITO
BIT 1
BIT 2-5
BIT S
BIT 7

STATUS BYTE
BIT 0-3
BIT 4
BIT 5-6
BIT7
READ DATA BYTE

BIT 0-7

X'g4!

DISABLE INTERRUPT
ENABLE INTERRUPT
UNASSIGNED

STOP INPUT DEVICE
START INPUT DEVICE

UNASSIGNED
DEVICE BUSY
UNASSIGNED
DEVICE UNAVAILABLE

INPUT DEVICE DATA

Figure 1

Example of Program Format for Input Device Controller
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Dsi08

gDos81 | x95 Y16
ZD090| X96 Y117 | DSI09
2D100} x42 X115 | DSHO
ZD110[x100 X116 | DS >DE¥6%EE§SQS$SS
Zp120[ x98 Yia |0sii2( ©
201311 Y94 Y115 | DSHI3
2D140| v96 X113 |DSI14
BDISO{X102 X114} DS115)
2DIS! [ X94 ) J Q DPSTAIS'EF -
INPUT DEV
CMG 11 [X103 —dC
20141 [x93} K Q
SCLRIO -_4 cf
‘RIRIAC [Y77 DEVICE
LIRIAO | Y76 < READ STROBE
Y79 <)
INPUT Y82 >
pATZ, X77 )
REGISTER < el <\ znpur
1 > < (peEVICE
X7% < | DATA
X80 <
X 70 <
X79 <
RDIRIO[YIO4 Q /
\ —J Q
DRGIO| Y7! QD ~ dc
INTERRUPT +5 V] ab
REQUEST IRIO [¥109 J—y¢ ot ICE BUSY SV—K Q
SHiI211 X118
Vd
STATUS SIS X9 < DEVICE READY
INPUTS)SI081,S1091] X122 X124 TACKO(X107 X108] TACKIO
SHOI\SHH X121 {x123
S1131,51141[ X120 | X117
_— X125

Figure 2 Example of Interface for Input Device Controller
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DEVICE ADDRESS: X's4’

COMMAND BYTE

BITO DISABLE INTERRUPT
BIT 1 ENABLE INTERRUPT
BIT 2-5 UNASSIGNED

BIT 6 STOP OUTPUT DEVICE
BIT 7 START QUTPUT DEVICE

STATUS BYTE

BIT 0-3 UNASSIGNED

BIT 4 DEVICE BUSY

BIT 5-6 UNASSIGNED

BIT7 DEVICE UNAVAILABLE

WRITE DATA BYTE

BIT 0-7 OUTPUT DEVICE DATA

Figure 3 Example of Program Format for Output Device Controller
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X20
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-

PUT DEVICE
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Q
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Y|

/S

Y26

Yi4

Y

X15

OUTPUT

Y25

>DEVICE

X26

DATA

X25
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\
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»=DATA STROBE
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<DEVICE READY
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Figure 4 Example of Interface for Output Device Controller
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SECOND CONTROLLER OPTION WITH INTERRUPT CONTROL

The logic for the ULM second controller option with interrupt control is shown on
Sheet 2 of the logic drawing. Basically this controller is used in the same manner

as the basic controlier. The device code must be wired by the user to DS208 - DS215.
These pin numbers are as follows:

DS208 Yé4
DS209 X65
DS210 X63
DS211 Yé5
DS212 X64
DS213 Y863
DS214 Xé2
DS215 Yé2

The user status gate inputs are designated 52081 - S2151 and are assigned the following
pin numbers:

S2081 X71
S2091 Y75
52101 Y72
s2111 X74
52121 X72
52131 Y74
S2141 Y73
S2151 X73

The gated control signals are listed as follows:

SAD20 X41
SRG20 Y42
DRG20 X27
DRG30 Y27
DAG20 X34
DAG30 X28
CMG20 X33
CMG21 Xé8

In the second controller option there are two additional gated control signals.
DRG30 and DAG30 are enabled only when the line DADR30, Y40 is asserted by the
user. These signals can be used in the special case where a user has a requirement
to load two separate registers or read two separate registers in his controller.
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This can be done by connecting the address decode lines to decode dual consecutive
device addresses such as X'84' and X'85'. The program can then load one register
with a write data instruction to device X'84} and the other register to device X'85';
or,similarly, read the registers with a read data instruction to device address X'84' and
X'85'. Figure 5 is an example using device addresses X'84' and X'85' where the
DAG20 and DRG20 control signals respond to X'84} and the control signals DAG30
and DRG30 respond to device address X'85'.

Note that when using this example, the returned device address for interrupts will
always be X'84; and that the command control signal CMG20 and status control signal
SRG20 will respond to both X'84'and X'85'.

The interrupt logic on the second controller is the same as on the basic controller with
one exception. This controller has its RACK20 input to the priority logic connected to
wirewrap pin Y2. This pin must be connected to a TACKO output of a higher priority
controller on the ULM or, if it is the only interrupting controller, it must be connected
to RACKO, pin 122-1 on the 1/O connector. The user can set an interrupt request to
this controller by asserting the IR20 input, pin Y43.
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Figure 5 Interface Using DAG30 and DRG30
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REGISTER 1 OPTION

The ULM register 1 option consists of two 16-bit data registers that are shown on the
logic drawing sheet 3. The output data register has its data inputs connected to the
ULM output data bus OD001-ODI51. The outputs of this register are accessible by
wirewrap pins and are also connected to a byte multiplexer. This register is loaded
from the output data bus when the user asserts the load signal LOR10, pin Y22, Typi-
cally this signal would be connected to DAG10 of the basic controller. Note that the
HWO signal must be asserted by the controller to transfer 16 bits of data into this
register. |f data transfer from the computer is in the byte mode, then the register out-
put loaded from OD081-OD151 is the only valid data, The register output pins are:

OUTPUT OUTPUT OQUTPUT OUTPUT
REGISTER 1 REGISTER 1 REGISTER 1 REGISTER 1
DATA INPUT DATA QUTPUT DATA INPUT DATE OUTPUT
ODO001 Y20 OD081 Y16
ODo11 X21 OD091 X25
OD021 X19 OD101 X26
OD031 Y21 OD111 Y25
OD041 X10 OD121 . X15
ODO51 X24 OD131 Yit
OD061 X14 OD141 Y14
OD071 Y24 OD151 Y26

This register may be reset to zero by asserting the reset control signal ROR10, pin X20.

The byte mux may be used to transfer computer half-word data to a byte-oriented device.
The mux control signal STRO, pin X7 must be asserted low to enable the output of the mux.
The signal BSEL1, pin X23 when low will select the most significant byte of the output
register (loaded from ODO01 - ODO071). When high, the least significant byte of the
register will be selected. The byte mux outputs are:

MUX INPUT MUX OUTPUT
BSELI =LOW BSEL1 =HIGH STRO =LOW
Y20 Y16 Y7

X21 X25 X6

X19 X26 X22

Y21 Y25 Y23

X10 X15 Y8

X24 Y11 X8

X14 Y14 X13

Y24 Y26 Y15
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The Input Data Register 1 consists of two separate byte registers, each with a lazd

and reset control input. The data inputs are connected to wirewrap pins to be locaded
by user data,and the data outputs are connected to wirewrap pins and open-collector
gate inputs connected to the ULM input data bus {DO00 - ID150. The user mey allow
the program to read the two registers with g half-word read instruction by connecting
the read gate control RDIR10, pin Y104, to the basic controllers DRG0 signal. With
byte data transfers, only the byte register connected to ID080 - ID150 will be read.

By connecting both register data inputs to a byte-oriented device and alternately load-
ing each register, the user can pack bytes into a half word to be read by the program.
The register pin numbers are:

MSB INPUT REGISTER 1 LSB INPUT REGISTER 1
Load Control LIR1BO Y 33 Load Controf LIRTAO Y76
Reset Control RIR1BO Y46 Reset Control RIRTAQ Y77
Data Data Input Data Data Input
input OQutput Data Bus Tnput  Output Data Bus
Y44 X51 D000 X79 X81 D080
Y49 X47 D010 X70 Y84 D090
X44 X45 D020 X80 X82 D100
X48 Y48 1D030 X76 X84 {D110
X30 Y29 1D040 Y81 X83 ID120
X32 Y31 D050 X77 Y85 ID130
Y30 X29 D040 Y82 Y83 (D140
Y32 X31 D070 Y79 X85 ID150

REGISTER 2 OPTION

The ULM register 2 option consists of two 16-bit data registers that are shown on sheet
4 of the logic drawing. These registers may be used as data registers for data transfer,
or as a memory address counter and word block counter for data channel operation.

The output data register has its data inputs connected to the ULM output data bus
ODO001 - OD151. The user may load this register with computer data by asserting the
load input signal LOR20, pin Y12. He may reset the contents of this register by assert~-
ing the reset input signal ROR20, pin Y10. The outputs of this register are connected
to wirewrap pins as follows:
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REGISTER 1 OPTION

The ULM register 1 option consists of two 16=bit data registers that are shown on the
logic drawing sheet 3. The output data register has its data inpufs connected to the
ULM output data bus OD001-ODI51, The outputs of this register are accessible by
wirewrap pins and are also connected to a byte multiplexer. This register is loaded
from the output data bus when the user asserts the load signal LOR10, pin Y22, Typi~
cally this signal would be connected to DAG10 of the basic controller. Note that the
HWO signal must be asserted by the controller to transfer 16 bits of data into this
register, If data transfer from the computer is in the byte mode, then the register out~
put loaded from OD081-OD151 is the only valid data. The register output pins are:

OUTPUT OUTPUT OQUTPUT OUTPUT
REGISTER 1 REGISTER 1 REGISTER 1 REGISTER 1
DATA [INPUT DATA OUTPUT DATA INPUT DATE OQUTPUT
OD001 Y20 OD081 Y16
ODO11 X21 OD091 X25
OD021 X19 OD101 X26
ODO031 Y21 OoD111 Y25
ODO041 X10 OoD121 X15
ODO051 X24 OD131 Y11
ODO061 X14 OD141 Y14
OD071 Y24 OD151 Y26

This register may be reset to zero by asserting the reset control signal ROR10, pin X20.

The byte mux may be used to transfer computer half-word data to a byte-oriented device.
The mux control signal STRO, pin X7 must be asserted low to enable the output of the mux.
The signal BSEL1, pin X23 when low will select the most significant byte of the output
register (loaded from ODO0T - ODO071). When high, the least significant byte of the
register will be selected. The byte mux outputs are:

MUX INPUT MUX OUTPUT
BSELl =LOW BSEL1 = HIGH STRO =LOW
Y20 Y16 Y7

X21 X25 X6

X19 X26 X22

Y21 Y25 Y23

X10 X15 Y8

X24 Y11 X8

X14 Y14 X13

Y24 Y26 Y15
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The Input Data Register 1 consists of two separate byte registers, each with a locd

and reset control input. The data inputs are connected to wirewrap pins to be loaded
by user data,and the data outputs are connected to wirewrap pins and open-collector
gate inputs connected to the ULM input data bus ID000 - ID150. The user mey allow
the program to read the two registers with a half-word read instruction by connecting
the read gate control RDIR10, pin Y104, to the basic controllers DRG10 signal. With
byte data transfers,only the byte register connected to |D080 - ID150 will be read.

By connecting both register data inputs to a byte-oriented device and alternately load-
ing each register, the user can pack bytes into a half word to be read by the program.
The register pin numbers are:

MSB INPUT REGISTER 1 LSB INPUT REGISTER 1
Load Control LIRIBO Y 33 Load Control LIR1AQ Y76
Reset Control RIR1BO Y46 Reset Control RIRTAQ Y77
Data Data Input Data Data Input
Input Qutput Data Bus Tnput  Output Data Bus
Y44 X51 D000 X79 X81 D080
Y49 X47 1DO10 X70 Y84 D090
X44 X45 D020 X80 X82 1D100
X48 Y48 D030 X76 X84 0110
X30 Y29 1 D040 Y81 X83 ID120
X32 Y31 1D050 X77 Y85 (D130
Y30 X29 1 D040 Y82 Y83 (D140
Y32 X31 D070 Y79 X85 10150

REGISTER 2 OPTION

The ULM register 2 option consists of two 16-bit data registers that are shown on sheet
4 of the logic drawing. These registers may be used as data registers for data transfer,
or as a memory address counter and word block counter for data channel operation.

The output data register has its data inputs connected to the ULM output data bus
ODO01 - OD151. The user may load this register with computer data by asserting the
load input signal LOR20, pin Y12. He may reset the contents of this register by assert-
ing the reset input signal ROR20, pin Y10. The outputs of this register are connected
to wirewrap pins as follows:
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OUTPUT QUTPUT OUTPUT - OUTPUT

REGISTER 1 REGISTER 2 REGISTER 2 REGISTER 2
DATA INPUT DATA OUTPUT DATA INPUT DATA OUTPUT
OD001 Y9 ODO81 X4

ODO11 X11 OD091 Y18
OD021 X9 OD101 Y5

ODO031 X12 oD X17
OD041 X5 OD121 X3

ODO051 Y17 OD131 Y19
OD0é1 Yé OD141 Y4

OD071 X16 OD151 X18

This register is also implemented as a binary ripple counter which may be used as a

data channel word counter by loading the two's complement of the word or block count,
and incrementing the contents after each data channe! word transfer. The user can then
monitor the outputs to terminate the data channel block transfer when the register over-
flows to a zero value. This register can be incremented by one by clocking the clock
input COR2A0, pin Y3,and connecting the pin X18 output (bit 15) to clock input COR2BO,
pin Y13. It may also be incremented by two by clocking the COR2BO input and not
connecting the COR2A0 input. Both clock inputs increment the register on the negative-
going transition of the clock.

Input data register 2 consists of two separate byte registers, each with a separate clock
input(s), load and reset control input. The data inputs are connected to wirewrap pins to
be loaded by user data,and the data outputs are connected to wirewrap pins and open-
collector gate inputs connected to the ULM input data bus ID000 - ID150. The user may
allow the program fo read the two registers with a half-word read instruction by connecting
the read gate control RDIR20, pin Y106, to the basic controllers DRG10 output.

This register is also implemented as two separate 8-bit binary ripple counters. The least-
significant-byte register may be incremented by one by clocking the CIR2A0 input,and
connecting the data output Y90 (bit 15) to the clock input CIR2BO input. The most-signi-
ficant-byte register may be incremented by clocking the CIR2CO input. This register may
be used as a data channel memory address counter by connecting the data inputs to the
ULM output data bus, connecting the data output Y92 (bit 08) to clock input CIR2CO,and
clocking input CIR2BO after each data channel transfer. The program can then load the
starting memory address into this register by connecting the register load inputs to the
controllers DAG20 output. The read gate control RDIR20 may be connected to the ULM's
data channel controller signal  DRG20 which is asserted for each data channel transfer
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to allow a controller to send the memory address to the processor for a data channel
input or output.

Input data register 2 wirewrap pin assignments are as follows:

MSB REGISTER 2 LSB REGISTER 2
Load Control LIR2B0 Y52 Load Conirol LIR2A0 Y86
Reset Control RIR2B0 Y36 Reset Control RIR2ZA0 Y80
Input Input
Data Input  Data QOutput  Data Bus Data Input  Data Output  Data Bus

Y54 X352 D000 Y69 Y92 D080
Y56 X54 1DO10 Y78 X92 D090
X53 Y53 1D020 X69 X91 1D100
X55 Y53 D030 X78 Y93 ID110
Y38 X36 10040 X87 Y91 {D120
X40 X38 D050 X846 X89 D130
X37 Y37 1D040 X8s8 X90 {D140
X35 X39 D070 Y87 Y30 (D150

SECOND DEVICE CONTROLLER WITH DATA CHANNEL CONTROL OPTION

The ULM second device controller with data channel control is shown on sheet 5 of the
logic drawing. |f should be noted to the user that this controller has limited use in that
it may only be used with the Interdata Model 70, 80 and 85 computer and that it may
not. be used concurrent with Interdata’s selector channel operation.

The data channel control and priority logic is very similar to the interrupt logic. The
user may generate a data channel request by asserting the UDCRO signal, pin Y43,

The negative-going transition of this signal will assert the data channel request signal
DCO,pin 127-0, to the processor. For a data channel write transfer, the WRT1 signal, pin
Y41,must be true which will assert the DCRO signal, pin 227-0,to the processor when a
data channel transfer with the ULM is in operation. The WRT1 signal should be false

for a data channel read operation. The processor determines device data channel priority
in the same manner as it does for interrupt priority. The user must therefore connect the
data channe! controllers RACK20 signal, Y2 to X2 which is connected to the computer
I/O as RDACKO, pin 128-0 and connect TACK20, pin Y1 to X1 which is connected to
TDACKO, pin 228-0. It should be noted that the ULM uses the "1" |/O connector for
standard multiplex channel signals and the "0" |/O connector for data channel control
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signals. For a data channel transfer the user must connect the DRG20 signal,

pin X27, to gate a memory address on the computer data bus. For a write operation
the DRG30 signal, pin Y27, must be connected to gate the half-word data on the
computer data bus that is to be written into the memory location defined by the
DRG20 address data. For a read operation the user should connect the DAG30
signal, pin X28,to load a data register with inputs connected to the data bus. This
is the data read from the memory location defined by the DRG20 address data.

The CMG20, pin X68 or the CMG21, pin Xé8,signals may be used to load a user's
command register under program control. The SRG20 signal, pin Y42, will gate user's
status information to the computer data bus. The status information pin numbers are
the same as the second controller with interrupt control. The DAG20 signal, pin
X34, may be used to load data to the controller under program control. The user can
read the current contents of the memory address register with a half-word read
instruction to this controller. In this case the DRG20 signal would be asserted for
both program control and data channel control. The device address decode input pin
assignments are the same as the second controller with interrupt control.

Figure 6 is a block diagram example of using the basic controller and second con-
troller for data channel operation. In this example the basic controller will have a
device address of X'44'. The output command will be used to enable interrupts, set
read or write mode,and start the data channel operation. The status command will
indicate data channel busy and device unavailable. The write-half-word instruction
will load output register 2 with block count information. Data channel block complete
will generate an interrupt on this controller. The second controller will have the
device address X'45'. The command and status instructions will not be assigned for this
controller. The write half word instruction will load input register 2 with the starting
memory address for the data channel. The read-half-word instruction may be used to
read the current contents of this register. Qutput register 1 will be used for data

from memory, and Input register 1 will be used for data to memory.

USER INTEGRATED CIRCUIT WIREWRAP SECTION

The ULM wirewrap section will contain up to ninety~three 14- or 16~ pin integrated
circuit positions for user-designed logic. There are fifteen columns of

|C positions designated 1 - 15,and seven rows designated F, H, J, K, L, M and N.
Row F=-M have fifteen IC positions while row N has three IC positions in columns 4, 8
and 12.

Columns 1-3, 5-7, 9-11 and 13-15 have a geomeiric pattern to accommodate standard
16-pin integrated circuits that insert on 0.3 inch centers. These IC locations have pin 8
connected to the ground plane on the component side,and pin 16 connected to the +5-
volt plane on the solder side. On the solder side there is also a connection between pin
7 and pin 8 so that these locations have power dedicated for a 14-pin integrated circuit
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with standard VCC and ground pin assignments. The user may use these locations for
16-pin IC's by removing the etch connecting pin 7 to pin 8. For IC's with non-standard
power and ground the user must remove the etch connected to the power and ground
plane of these locations. In between the rows of these locations there are provisions

to mount ceramic decoupling capacitors on 0.3-inch centers. On both edges of the
wirewrap section the user may install tantalum decoupling capacitors on 0.7-inch centers.

Columns 4, 8 and 12 have a hole pattern that is continuous from row F to N on 0.1-inch
pin spacing. Mounting centers can accommodate components on 0.3, 0.4 or 0.6-inch
centers. These locations have power and ground dedicated for standard 16-pin integrated
circuits with pin 8 connected to the ground plane and pin 16 connected to the +5 volt
plane. When mounting 22-pin IC's on 0.4-inch centers, or 24 or 40-pin 1C's on 0.6-inch
centers,the user must remove the efch connecting pin 8 and/or pin 16 to the ground and
power plane. When using 14-pin IC's in these locations the user should wirewrap pin 7
to another location's ground pin. Most discrete components are easily mounted in these
locations. Sockets or wirewrap pins in the IC locations are optional accessories.
Consult MDB price list.

Between the ULM logic and the wirewrap section are two continuous rows of wirewrap
pins, row X and Y, that are numbered from 1 to 125. These pins are used to connect the
user's logic to the ULM printed circuit logic. Between the I/O connectors "0" and "1"
and the ULM logic are wirewrap pins connected to the /O connectors. The user may
use these pins to connect his logic directly to the computer's 1/O bus.

In the N row of the wirewrap section are provisions to mount up to four ribbon cable
connectors. These locations are designated P1 - P4. They will accommodate MDB
standard ribbon cable subassemblies of 20, 26, 34, 40 or 50-pin connectors.

An optional protective cover may be purchased with the ULM. This cover is usually
desirable to prevent the user's wirewrap wire from interfering with the module that is
mounted directly above the ULM in the chassis.
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MDB SYSTEMS, INC.
1995 N. Batavia St.
Orange, California 92665
714-998-6900

TWX: 810-593-1339




ADDRESS

00
01
02
03
04
05
06
o7
08
09
0A
0B
oc
0b
OE
OF

10
11
1z
13
14
15
i6
17
18
19
1A
1B
1cC
1D
1E
1F

APPENDIX 2

ADDRESS ASSIGNMENTS AS OF AUGUST 19, 1981

ASSIGNED TO

Not td be used.
Not assigned.

: + |
Optional Antenna MUX

Receiver

i

!
Not Assigned

ADDRESS

20
21
22

23

24
25
26
27
28
29

2B
. 2C
. 2D
2E
2F

30
31
32
33
34
35
36
37
38

39 -

3A
3B
3C
3D
3E
3F

ASSIGNED TO

Not assigned.

1

Timing Sequence Generator

1

Optional Serial Interxface

1

Transmitter Congroller
3] (1
ITH L 114
Housekeeping—-ADC
" 1"

Transmitter Controller
Front End Processor

Not Assigned

[



DIO ADDRESSES AND FUNCTIONS

" ADDRESS: 10 (HEX)

DEVICE: Antenna Multiplexer ﬁodule, Channel 1

BIT . FUNCTION

[0 1ss A
} Antenna Selection

1 B
2
CONTROL

FROM DIO A Local-Remote

TO DEVICE

0 LSB A
} Antenna Selection

TO DIO
4 Local-Remote
FROM DEVICE

A2-2




DIO ADDRESSES AND FUNCTIONS

ADDRESS: 11 (HEXY

DEVICE: Antenna Multiplexer Module, Channel 2

BIT FUNCTION

0 LSB A

Antenna Selection
1 B
2

CONTROL

FROM DIO 4 Local-Remote

TO DEVICE

0 LSB A
Antenna Selection
1 B

FLAG
TO DIO

4 Local~Remote
FROM DEVICE

A2-3




ey

DIO ADDRESSES AND FUNCTIONS

ADDRESS: 12 (HEX)

DEVICE: Filter Module, Channel 1

BIT FUNCTION
—
0 LSB A
1 B
RF Band Selection
2 C
CONTROL 3 D
FROM DIO 4 Local-Remote
TO DEVICE 5
6
7
0 LSB A
1 B
RF Band Selection
2 C
FLAG
_ 3 D
TO DIO
4 Local-Remote
FROM DEVICE
5
6
7

A2-4
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DIO ADDRESSES AND FUNCTIONS

ADDRESS: 13 (HEX)

DEVICE: Filter Module, Channel 2

BIT FUNCTION
0 1Lss A
1 B
RF Band Selection
2 C
CONTROL 3 D
FROM DIO 4 Local-Remote
TO DEVICE 5
6
L7
0 LSB A
1 B RF Band Selection
2 ¢
FLACG
3 D
TO D10
4 Local-Remote
FROM DEVICE
5
6
7

A2-5



o

DIO ADDRESSES AND FUNCTIONS

ADDRESS: 14 (HEX)

DEVICE: RF Module, Channel 1

BIT FUNCTION
—
0 LSB 4
1 8
RF Attenuation (dB)
2 16
CONTROL 5 32
FROM DIO 4 Local-Remote
TO DEVICE 5
6
7
0 LSB 4
1 8
RF Attenuation (dB)
2 16
FLAG
3 32
TO DO
4 Local-Remote
FROM DEVICE
5
6
7

A2-6



DIO ADDRESSES AND FUNCTIONS

ADDRESS: 15 (HEX)

DEVICE: RF Module, Channel 2

BIT FUNCTION
0 LSB 4
1 8
RF Attenuation (dB)
2 16
CONTROL 3 32 I
FROM DIO 4 Local-Remote
TO DEVICE 5
6
L7
0 1sB 4
Ny 8
RF Attenuation (dB)
2 16 i
FLAG
3 32
TO DIO
4 Local-Remote
FROM DEVICE
5
6
7

A2-7



DIO ADDRESSES AND FUNCTIONS

ADDRESS: 16 (HEX)

DEVICE: 1IF Module, Channel 1

BIT FUNCTION
—
0 LSB 4
1 8
IF Attenuation (dB)
2 16
CONTROL
3 32
FROM DIO
4 Local-Remote
TO DEVICE 5
6
7
0 1SB 4
1 8
IF Attenuation (dB)
2 16
TLAG
3 32
TO DIO
4 Local-Remote
FROM DEVICE
5
6 .
7 2
m— /’,

A2-8



DIO ADDRESSES AND FUNCTIONS

ADDRESS : 17 (HEX)

DEVICE: IF Module, Channel 2

BIT FUNCTION
0 LSB 4
1 8
IF Attenuation (dB)
2 16
N
CONTROL 3 32
N
FROM DIO A Local~Remote
TO DEVICE 5
6
7
/
0 LSB 4
1 8
‘ IF Attenuation (dB)
2 '16
FLAG '
3 32
TO DLO
4 Local-Remote
FROM DEVICE
5
6
7

A2-9



DIO ADDRESSES AND FUNCTIONS

ADDRESS: 18 (HEX)

DEVICE: Detector Module, Channel 1

BIT FUNCTION

0 LsB A
Bandwidth Selection
1 B

CONTROL

FROM DIO 4 Local-Remote

TO DEVICE

0 1sB A

} Bandwidth Selection
1 B

4 Local-Remote
FROM DEVICE

A2-10



DIO ADDRESSES AND FUNCTIONS

ADDRESS: 19 (HEX)

DEVICE: Detector Module, Channel 2

BIT FUNCTION

r—-O LSB A

} Bandwidth Selection
1 B

CONTROL

FROM DIO
4 Local-Remote

TO DEVICE

0 LSB A

} Bandwidth Selection
1 B

FLAG

TO DIO
4 Local-Remote
FROM DEVICE

A2-11



DIO ADDRESSES AND FUNCTIONS

ADDRESS: 1A (HEX)

DEVICE: Transmitter Drive Module

BIT FUNCTION
—
0 LSB 8
1 16
Output Attenuation (dB)
2 32
CONTROL 3 64
FRO DIO 4 Local~Remote
TO DEVICE 5
6
7
0 LsB 8
1 16 ,
Output Attenuation (dB)
2 32
¥1AG
3 64
TO DIO
4 Local-Remote
FROM DEVICE
5
6
7

A2-12



DIO ADDRESSES AND FUNCTIONS

ADDRESS: 1B (HEX)

DEVICE: Control/Adder Module

BIT FUNCTION
0 LsB 1
1 2 Synthesizer Frequency b
Hundreds Hz
2 , 4
CONTROL 3 8
FROﬂ DIO 4 1
TO DEVICE 5 _ 2 Synthesizer Frequency B '::?
Units kHz . ’
6 4
7 8
0 LsSB
1
2 {
FLAG
3
TO DIO As above
4 j-_
FROM DEVICE
5
6
7 -

A2-13



s

ADDRESS:

1C

DIO ADDRESSES AND FUNCTIONS

(HEX)

DEVICE: Control/Adder Module

CONTROL

FROM DIO

TO DEVICE

FLAG

TO' DIO

FROM DEVICE

BIT
0 1sB
1

2

FUNCTION

1

2 Synthesizer Frequency
Tens kHz

4

8

1

2 Synthesizer Frequency
Hundreds kHz

4

8

As above

A2-14
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DIO ADDRESSES AND FUNCTIONS

ADDRESS: 1D (HEX)

DEVICE: Control/Adder Module

BIT FUNCTION
—
0 LSB 1
1 2 Synthesizer Frequency )
Units MHz

2 4
CONTROL 3 8
FROM DIOC 4 1
TO DEVICE 5 2

Synthesizer Frequency
6 A ~ Tens MHz
7 8
[0 Lse o -

1

2
FLAG

3
TO DIO As above

4 : =
FROM DEVICE

5

6

7

A2-15




DIO ADDRESSES AND FUNCTIONS

ADDRESS: 1E (HEX)

DEVICE: Control/Adder Module

BIT FUNCTION
r-'--0 LSB

l -

CONTROL
FROM DIO 4

TO DEVICE

0 LSB Synthesizer Out of Range
1 Synthesizer Local-Remote

2 Synthesizer Power Off
FLAG

TO DIO o

4 =
FROM DEVICE

A2-16



DIO ADDRESSES AND FUNCTIONS

ADDRESS: 24  (HEX)
- DEVICE:
BIT . ) FUNCTION
0 LSB )
1
. 2
CONTROL 3 .
) . Pata to JOLT PIA 4802
l FROM DIO 4 ~ (Parallel Program Load and command byte)
TO DEVICE 5
6
7 MSB . )
0 LSB R
1
2
FLAG
3 Data to Interdata
TO DIO > from JOLT PIA 4800
4 (Parallel Load Check)
FROM DEVICE
5
6
B 7 MSB J

A2-17



DIO ADDRESSES AND -FUNCTIONS

‘ADPRESS: 25 (HEX)

DEVICE: Timing Sequence Generator » - e '

| BIT | - : FWéTION
TﬁfO LSB A JOLT Reset L S uf5 .:;.’ ’,Fltik;tf_
1 o 11 Bit Serial EIA Codé.inpﬁtignof néwAuéed)
2 v Start Sequence 'I'nterrupt. |
CONTROL .

-FROM DIO 4

TO DEVICE

0 1LsB EIA Out

1 . Interrupt from JOLT (PIA 4800 data ready)
FLAG o L A
3 Done Interrupt to Interdata

TO DIO

FROM DEVICE -

.
f‘“ .



DIO ADDRESSES AND FUNCTIONS

ADDRESS: 26 (HEX)

' DEVICE:  Timing Sequence Generator

. BIT : FUNCTION

0 LsB
* Not Used - ' SR ‘ :
2 .

CONTROL
"FRCM DIO
TO DEVICE

~ Request BCD Time (Ident Code)

7 MSB

0 LSB

» ~ BCD Time Data
| 2 o
FLAG

3 MSB

TO DIO

' ,‘r‘.

4 LSB o . ' -
FROM DEVICE - | | - SR

BCD Time Ident Code

7 MSB

A2-19



DIC ADDRESSES AND FUNCTIONS

ADDRESS: 30 (HEX)
DEVICE: Transmitter Controller
BIT : ' FUNCTION
rm_o Filament on
TTL Low Level
1 High Voltage on
2 Reset
. TTL Low Pulse
CONTROL 3 . Set
FROM DIO 4 . Antenna Connected (TTL Low Level)
TO DEVICE 5
6 N
7
— =
0 Filament off
1 High Voltage off Control Setting
2 Reset Condition s . Indicated
FLAG By TTL Low
3 Set Condition
TO DIO
4 Dummy Load Connected J
FROM DEVICE
5
6
7

A2-20



DIO ADDRESSES AND FUNCTIONS

ADDRESS: 31 (HEX)
DEVICE: Transmitter Controller
BIT ; FUNCTION
—
0 1)
1 2
dB Attenuation
2 4 >
Inserted by TTL Low
CONTROL
3 8
FROM DIO 4 16
J
TO DEVICE 5
6
7
— ™
0 1
1
2 dB Attenuation
2 4 .y .
FLAG . Indicated by TTL Low
3 8
TO DIO
4 16
FROM DEVICE <
5
6
7

A2-21



DIO ADDRESSES AND FUNCTIONS

ADDRESS: 32 (HEX)
DEVICE: Transmitter Controller
BIT , ' FUNCTION
—
0
1
2
CONTROL 3
FROM DIO 4
TO DEVICE 5
6
7
— . ~
0 Filament Off
1 High Voltage Off
2 Dummy. Load Connected
FLAG
3 High Voltage Dump Condition
TO DIO > '
4 Relay Voltage Reset Indicated by
FROM DEVICE TTL Low
5 90 Sec HV Delay
6 Fault Holdoff
7 Relay Voltage Failure y
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DIO ADDRESSES AND FUNCTIONS

ADDRESS: 33 (HEX)
DEVICE: Housekeeping Unit
BIT FUNCTION
—
0 LSB )
l -
2
CONTROL 3
? Channel Address
FROM DIO 4
TO DEVICE 5  MSB
o
6
7
0 1SB \
1 .
Control of the Selected
2 >
FLAG Channel Address
\ 3
TO DIO
4
FROM DEVICE
5 MSB .
6
7
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DIO ADDRESSES AND FUNCTIONS

ADDRESS: 34 (HEX)

DEVICE: Housekeeping Unit

BIT

FUNCTION

-
0 LSB

1

CONTROL
FROM DIO 4

TO DEVICE

7 MSB

0 1LSB h

FLAG 4
TO DIO 5

- FROM DEVICE 6

9

10

11 MSB

ADC OQOutput
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DIO ADDRESSES AND FUNCTIONS

ADDRESS: 35 (HEX)
DEVICE: Transmitter Controller
BIT : : FUNCTION
rmO
1
2
CONTROL 3
FROM DIO 4
TO DEVICE 5
6
7
- .
0 Interlock Fault : h
1 Ground Fault
2 Air Temperature
FLAC Fault
3 Air Pressure > Conditi
70 DIO ondition
4 Peak Current Upper Limit or Out-of-Limit
FROM DEVICE . ..
5 Avg, Current Upper Limit Condition
. Indicated by
6 , HV Upper Limit TTL Low
7 HV Lower Limit
. /
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DIO ADDRESSES AND FUNCTIONS

ADDRESS: 36 (HEX)

DEVICE: Front End Processor

BIT FUNCTION
0 LSB FEP Micro Program Data Bit MD@
l 1" ‘ T 14} " - " Pml
2 ] " 1] i 1 " Mp?
CONTROL 3 " n 1" ” 1" m3
FROM DIO 4 " " " " " MD4
TO DEVICE 5 " " o "o DS
6 17 1A " ” 1 mé
7 " 11" " " " bm7
0 LSB )
1
2
FLAG
3
TO DIO > ’ Not Used
4
FROM DEVICE
5
6
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DIO ADDRESSES AND FUNCTIONS

ADDRESS: 37  (HEX)

DEVICE:  Front End Processor . I o

yehy,

BIT L FUNCTION
—
0 1sB FEP Micro Program Control Bit MC#
l ” 13] 13} ) 114 1" I’ICl
2 14} 1] . Tt 11} " MCZ -
CONTROL 3 1] 133 ” 14 11 1’1C3
FROM DIO ’ 4 " " oo t " MC4
TO DEVICE 5 o " f1 " v MC5
6 ‘A" . 131 1] ) " 7 MC6
7 ’ » 1" 111 124 ) 114 n MC7
0 1SB
1
2 i
FLAG
. 3
TO DIO > Not Used
4 | ot
FROM DEVICE ‘ ) ' R
5 )
6
7 J i
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APPENDIX 3

 DATA FROM MEMOR

" CONTROL BUS * 7+

- Complete ™
Subminiature
ta-Acquisition Syste!

FOR LOW-COST

» Stand-Alone Data Acquisition

« Interfacing Minicomputer Systems

- Interfacing Microprocessor-Based Systems
+ Automatic Test Equipment (ATE)

« Industrial Digital Controlter Systems

« Scientific and Analytical Instrumentation

» Data Communications Systems S

» Biomedical and Physiological Data Loggin

ANALOGIC,

A3-1 ... The Digitizers




ANOTHER ANALOGIC

DESIGN BREAKTHROUGH

Once again, Analogic engineering has anticipated and res-
ponded to a critical industry requirement. The new
MP6812 satisfies the need for a very-low-cost, complerely
self-contained, high-performance, multichannel A/D conver-
sion system for applications with throughput rates up to
30kHz. These applications range from microprocessor-based
and minicomputer-based data acquisition and process con-
trol to automatic testing, scientific and analytical instru-
mentation, telephonic and data communication, telemetry,
and biomedical/biophysical measurements. Like the earlier
MP6912, the industry’s most widely used module in its
class, the MP6812 provides maximum flexibility of input/
output configurations, ranges, modes, formats, and codes,
in subminiature module suitable for mounting on p.c. cards
with 0.5 spacing.

POWER-SUPPLY LEVEL
VERSATILITY.

Provides choice of either
+5/%15V supplies or
£15V only.

LOW-DISSIPATION,

ALL CMOS DESIGN.

All logic circuitry in the MP6812
employs low-power CMOS
devices. This adds significantly
to reliability, minimizes
self-heating drift, and minimizes
power drain.

TRUE-DIFFERENTIAL BUFFER.
A standard option, for applications
requiring high common-mode
rejection.

A

RANGE OFFSEY

_ PREMIUM A/D CONVERTER.

16 channel, 12 bit

ENABLE ... MUXQUT. AMP RANGE AW
LO Hi 818 HI,LO%INLO SEL
77818T 18BISTTIT Ny 128, 12T g

MPG812

~ EXTUFFSET 7

‘o
cH
cH
™

®

cm’

16 CHANNEL
g P .
MULFIPLEXER

B I2NREV S

| oo NIIX INPUTS ey

« PROGRAMMER

-%. [OAD FRE
L, CLRENS

ANALOGI

Made inUS A

VERSATILE INPUT
CONFIGURATION.
Accepts 16 single-ended,
16 pseudo-differential,
or 8-true differential
signal inputs.

Fast-settling, low-crosstalk, low-noise
multiplexer. Negligible gain error. Provides
for MUX expansion to 32 differential,

64 single-ended channels, Accommodates
random, sequential-continuous, and
sequential-triggered modes.

ALL REQUIRED
CONTROL, TIMING, AND INTERFACE
FUNCTIONS ARE BUILT IN.

Unlike many currently available low-cost A/D front-end
“systems’’, which provide onrly the basic building blocks
(usually, a MUX, a sample-hold, and an A/D converter), the
MP6812 is a completely integrated subsystem, in which all
of the required control and timing logic has been incorpora
ted into the module — plus circuitry that provides for three
different analog input configurations, four different ranges,
three different output codes, and three different output
formats (parallel, byte-serial, and bit-serial). In every sense,
the MP6812 is a stand-alone system, requiring only a power
supply (such as the Analogic MP3015 or MP3035, depend-
ing on the application) for support.

PRECISION
RER SUPPL v

HIGH-ACCURACY, EXPANDABLE MUX.

# Excellent absolute and relative

Performance is well within overall
system accuracy of 0.025% F .S.
up to 30 kHz throughput rate.

% VERSATILE OUTPUT FORMAT.
Jumper selection of 3 codes:
natural binary, offset binary, or
two's complement. Jumper
selection of resolution, too, from
full 12 bits to any short-cycled
word length, for optimum speed/
resolution tradeoff.

s ENE9-12

REF ADJ.
~10V REF

TRI-STATE OUTPUT BUFFERS.
For full compatibility with
microprocessor circuitry, all data
interfaces are implemented

with tri-state logic, and data out-
puts are buffered and strobed

cLocK ouy by BYTE=select inputs.

LY OUT.

LOW-APERTURE
*SAMPLE-HOLD.

Fast acquisition, low-feed-
through design, with less than
5ns aperture uncertainty and
negligible gain error. Slew and
droop characteristics limit
maximum dynamic error to less
than 1 LSB.

COMPLETE BUILT-IN TIMING
AND CONTROL.

No logic to add. No external
circuitry required, except for
jumpers; all external control by
normally available system signals.

A COMPLETE, HIGH-PERFORMANCE
12-BIT SYSTEM FOR LESS THAN YOUR
IN-HOUSE COMPONENT AND LABOR COSTS.

Analogic achieves significant economies due to volume pur-
chasing, long-run production, and computer-programmed
testing of data-conversion products like the MP6812 ...
savings that are passed on to you, as witness the low price
of the MP6812. In moderate OEM quantities, the price of
an MP6812 is actually less than the average user’s bare cost
of components and labor (excluding engineering, debug-
ging, and test costs). Furthermore, the performance and
reliability of the Analogic design, exhaustively verified by
comprehensive computer-programmed testing, will usually
prove to be superior to an assembled custom system. (See
page 11 for test description.)

accuracy, low noise, very low T.C.'s.




THEORY OF OPERATION

NOTE: Many of the circuit fearures mentioned briefly on
this page are explained in more detail on pages 4-5, under
DESIGN FEATURES.

ARCHITECTURE: The MP6812 comprises the following
elements, all self-contained, and all standard (except for the
differential buffer amplifier, which is furnished as a stand-
ard option, as described on page 7).

® A 16-line multiplexer, which may be used with any one
of three signal-source configurations, as described else-
where on this page. This basic channel capacity is ex-
pandable by a compatible accessory (see page 9).

® A high-performance differential buffer amplifier, with
two jumper-selectable gains (this feature provides a total
of four different full-scale input ranges).

® A high-speed sample-hold circuir, with very low aperture
uncertainty (5ns) and many advanced circuit features
that increase the overall system accuracy at maximum
throughput rates.

® A high-performance 12-bit successive-approximation
A/D converter that incorporates a newly developed
premium 12-bit IC DAC, a high-stability premium refer-
ence zener, and a fast-settling, low-offset, high-stability
comparator. The conversion register and conversion-
control logic used in this converter provide a wide choice
of output codes, and also provide for short-cycling by
jumper connection.

® Tri-state output buffers, arranged for digit-serial/bit-
parallel, or full-parallel output modes. These buffers will
drive output cables or multiple loads, and their tri-state
format makes them completely compatible with stand-
ard microprocessors.

® A clock-pulse generator providing program-control
timing, at a factory-set rate.

e A MUZX-address circuit that provides a choice of sequen-
tial or random modes, as well as address-output and
address-hold signals.

® Provisions for both internal and external trimming of
both range and offser...and facilities for remote ad-
justment or sequence configuration of the programming
and control functions, as described on later pages.

INPUT CONFIGURATIONS. The MP6812 provides a
choice of 3 input configurations, as shown in figure 1. In
the simplest, 16 single-ended inputs may be connected to
the multplexer, all referenced to ANALOG GND. Alter-
natively, the inputs may be presented, in 8 pairs, to the dif-
ferental amplifier (optional), merely by connecting MUX
OUT LO terminal to the AMP IN LO terminal as shown in
1b. Finallv, 16 ‘pseudo-differential”’ channels may be
created, under favorable sensor-ground-path conditions, by
using the AMP IN LO terminal as the ground-return point
for all 16 sensors.

A3-3

CONTROL/TIMING.

The simplified timing diagram of figure 2, below, shows the
time constraints and sequence of events in the random-
addressed mode. Note that 7usec (ty, ) is assigned to the
overall settling time of the MUX, buffer amplifier, and
sample-hold acquisition, and another 28usec is allowed fora
complete 12-bit conversion (Bl to B12). The diagrams on
page 7 are more detailed, and describe the behavior of every
control, address, output, and analog element in the data

TR XXX XKIKKIIKA KRR,

28usec; max.




DESIGN FEATURES

o LOWEST-COST COMPLETE

MICROPROCESSOR INTERFACE.

We believe the MP6812 to be the lowest-cost modular inter-
face system that provides complete microcomputer-
compatible interface circuitry, including all required timing
and control logic. Although other low-priced modules have
been offered as “complete”, examination of their specifica-
tions immediately reveals the need for significant amounts
of external circuitry....with consequent increases in
direct and indirect production and engineering costs.

* LOWEST-POWER

COMPLETE SYSTEM.

Due to the extensive use of CMOS/LSI circuitry, the
MP6812 dissipates less than 1.5 Watts. Considering the
available convection surface area of the MP6812, this cor-
responds to a maximum temperature rise of less than
8°C. .. greatly enhancing both reliability and temperature
stability.

® EXCELLENT ACCURACY,

LINEARITY, AND STABILITY.

Despite its low price, the MP6812 provides the accuracy
and linearity of A/D interfaces costing 3-5 times as much;
and its time and temperature stabilities compare favorably
with premium-grade A/D converters. At the full 30kHz
throughput rate, the relative and absolute accuracies are
$0.025% FS — i.e., *1LSB! The T.C.’s range from 3 to 20
PPM/° C, which allows operation over wide temperature
ranges without serious degradation of accuracy. (See detail-
ed specifications, page 6.)

¢ FASTER THROUGHPUT THAN

REQUIRED BY MOST APPLICATIONS.

Most microprocessors have operarion-cycle times ranging
from 2.5 to 12.5 microseconds, and the software routines
used in most microcomputers typically require 6 to 20
operations per data input word. Corresponding minimum
rates for data throughput from the interface module range
from 4 kHz to about 65 kHz, with the average well below
20 kHz. The 30 kHz rate of the MP6812 is, therefore, more
than adequate for most applications. (Note that higher
throughput rates are possible at lower resolution, as shown
in figure 3, by “short-cycling” the converter.)

® TRI-STATE BUFFERED
DATA INTERFACE.
The standard data-output interface is a strobeable array of
three four-bit Tri-State data registers, compatible with CMOS
logic levels and capable of driving 2 TTL loads. Optionally
(see page 7), the MP6812 can be furnished with Tri-State
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TTL output registers, in the same format, that are capable
of driving 10 TTL loads for fast, long-lines drive capability.
(The standard CMOS circuit will accommodate approximate-
ly 100pF of capacitance loading without significant effect
on the data-throughput rate.)

¢ EXCELLENT MUX AND

SAMPLE-HOLD DYNAMICS.

The total of MUX settling time and Sample-Hold Acquisi-
tion time in the MP6812 is about 7usec, during which the
maximum error (for a worst-case FS-to-FS transition be-
tween successively addressed channels) falls to less than
1 LSB. An internal fixed delay of 7usec is provided, to inhi-
bit the HOLD command for that interval, thereby elimina-
ting dynamic error as an accuracy factor (see figure 4). Al-
ternatively, the user may apply whole commands derived
from his own system timing. The aperture uncertainty is
less than 5ns . . . negligible, even for fast rates of change of
signal. Droop is negligible for the 28usec (max.) conversion
time.

® GREATEST INPUT-CIRCUIT

VERSATILITY.
As explained on page 3, the MP6812 can accommodate al-
most any input-source configuration. With the differential

RESOLUTION; BIT

- Figure 3. \'Ifbrdugbput rate as: f'uitc'tion’ of resolution
two.different_ modes, both for 115 LSB accuracy,

-

™




amplifier option, using 8 true-differential channels, excel-
lent CMRR and common-mode-noise rejection is provided.
In non-critical, low-noise situations, where ground loops are
not a problem, the 16-channel single-ended capability may
be used. Finally, for applications in which a true common
ground exists near the signal sources, but remote from the
MP6812, the intermediate choice of a pseudo-random,
16-channel interface is also available.

LOW-COST, CONVENIENT

MUX EXPANSION.

As discussed in detail on page 9, the channel capacity of the
MP6812 can be expanded up to a total of 64 single-ended
or pseudo-differential channels (32 differential), by adding
a standard outboard module. All of the necessary intercon-
nections are provided for in the MP6812, by bringing the
pertinent circuit connections to terminals. The 7usec built-
in delay allows for the full capacitance loading of a 64-
channel, expanded multiplexer.

THREE OUTPUT FORMATS

—PARALLEL, BYTE-SERIAL, SERIAL.

The 12-bit output of the MP6812 is available in three out-
put formats: as a serial pulse train (clock synchronized),
MSB first; as a full parallel 12-bit output, enabled by strob-
ing the 3 byte-control lines simultaneously; and as a byte-
serial output, in three 4-bit bytes, by sequentially strobing

.. DEC 3
" (10uVusec, mo

Figure 4. Sample-Hold paramet

the 3 byte-control lines. The serial output is always avail-
able, regardless of the use of the parallel or byte-serial out-
puts. (See page 6.)

PREMIUM-GRADE

12-BIT A/D CONVERTER.

The A/D converter used in the MP6812 has, as described on
page 3, exceptional accuracy, linearity, and stability. It pre-
serves high-accuracy over wide ranges of temperature and
power-supply voltage, and over long periods of time (6-
month recalibration interval). The total 3-sigma noise (re-
ferred to input) including reference noise is less than 0.01%
FSR. A typical worst-case limit-of-error calculation for this
converter, over 10°C and 3% power-supply voltage, at full
scale, predicts less than .025% uncertainty . . . an order of
magntiude better than most off-the-shelf systems can attain.

OUTPUT CODE AND
RANGE FLEXIBILITY.

The standard MP6812 provides three pin-selectable codes:
natural binary, two’s complement, and offset binary. The
output ranges available on the standard design are: —10V
to +10V, OV to +10V, —5V to +5V, and 0 to +5V. Option-
ally (see page 7), the reference may be factory adjusted to
provide endpoints at 10.24V and 5.12V for convenient volts/
bit values. (For example, with a OV to +10.24V range, each
LSB = 2.5mV, exactly.)

EXCELLENT

ENVIRONMENTAL IMMUNITY

The MP6812 is designed for long, trouble-free life under
realistic industrial conditions — operating temperatures
from 0°C to 70°C (storage, —25°C to +85°C), relative
humidity from O to 95% non-condensing, moderate shock
and vibration, and strong electromagnetic and/or electro-
static fields (see below). The power supply regulation is not
at all critical . . . £3% on the £15V supplies, and £5% on the
5V logic supply. As noted earlier, the low temperature rise
significantly enhances reliability.

SUBMINIATURE,

SELF-SHIELDED, REPAIRABLE PACKAGE.

The MP6812 is enclosed in an insulated steel case measuring
only 3" x4.6" x0.375” ... alow enough profile to permit
its mounting on a p.c. board having 0.5” spacing to ad-
jacent boards. The case forms a continuous 6-sided shield,
except for the slots provided to accommodate the connec-
tor. The case cover is easily removed for inspection, modifi-
cation, or component replacement, if that should ever be
necessary. U. S. Patent No. 3,895,267 issued for modular
construction of MP6812 and associated modules.
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ANAI‘-OGINPUTSe '

L Input Capamtance

~ AccueAcY :

: ‘Relative: Acwtecy

: Absolute Accuracy

Inherent Quantizing Error
. 3-sigma Noise (includes
.. reference noise} .
*. Monotonicity

| STABILITY |

Tempco of Lmeanty -
{ Tempco of Gain -

" Tempeo of Offset

Recommended

: SIGNAL DYNAM!CS

Maximum: Throughput :

Rate {12 biﬁs)

' Salﬁple and Hold .

Aperture Uncertainty. )

l Crosstalk

Opfienal Diﬁerential B
. Amplifier CMRR

Sample and Hold Feedthrough

Compatlbul lf\[

S MUX Addresslnputs (8,4, 2 1

MUX ENABLE LO (Pm 173)

Number of lnputs to: Multhlexer
- or.16:Pseudo-Differential’
ZI0V-t6 $10Vi0V to +1ov 5V o 45V,

|nput Voltage (Full Scale Range} i ‘
OVt #5 V. (Opnonally, —10.24V 10, +1024-V R

. Maxlmum Input.Voltage for
: Proper Operation:: L
- (sngnal plus common mode} -0 S
Input Current {per-channel) 5
g Inputlmpedance

. 100pEF for. “on” channel .

lnput Fault Current (power off or.
MUX fallure}(

: A/D: convctsson nmc)

=5 LSB

€ 15 PBM ESR/C i
'<10PPMFSR/C g
Powet Supply Sensitivity . O 003% FSR/ % changc in: supplv volrage

Recahbratmn Interval' 6m ontl:s’

- Maximum Error for FSitoFS. .
: : "' ‘transition between =
5 successwe!y addressed channel&,:

DIGITAL INPUT SIGNALS (See T:mmg Dcagram)

16 Smglc-Endcd 8 Tme-Dxfferentxa]

: —-5 12V 10 4512V,

>100 Megohms
< IOPF for “off™ channc H

Intemally hmtced to ZOmA

0 025% FSR @ 30kHz thru-put rate "

. Aincludes: Spsec (ext. timing): for MUX sertling

and: S & H acquxsmon nme and ZSMsec for

Same as re[auve accuracy

0. 01% FSR p p refcrred to mput

Guaranteed 0 Cto 70° C

<3 PPM FSR/° C

30 000 channcls fsec smglechanncl usmg ex-

ternal Spsec delay (includes Spsec for MUX -
settling time and 'S & H acquisition time, and
“i"28usec for A/D conversion time. Utxhzmg n-
i ternal Tusec delays muluch;mncl thruput is-.
27.5 kHz. : :

5 nsec

SOdB down at'l kHz “off" ch.mnels to: ©
on’ channcl - :

>70d8 (pc to 1 kHe)
80dB downat L kHz -

1 LSB

Standard CMOS Xngc levels, TTL

: opnonal 1 CMOS unit load/line: :
: Positive true natural binary coding selects
Pins 198 thru ZZB)‘H L
MUX ENABLE Hl (Pm 18T) :
- output (for inputs O thru 7).
“‘High (logic-“1” input: enablcs MUX SLOY L
ourput ({fori mputs 8 thru 15)

channel for random addressing mode.
High (logic “1”") input enables MUX “HI”

" 'CONTROLS

: " (MUX) Address Loading Mode)

Analogxc may upgrade these specxf;canons at any ume. 7 E
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“LOAD ENABLE {Pin 24B}  High (logic “1") input a.llows next STROBI;

command to sequentially advance MUX

" MUX address register according ta external
*-address inputs at next STROBE comma.nd
L and disables counting. e
‘CLEAR (Pin'26B) - Low (logic “0”) inputresets MUX addreés' :
Lt 00 o channel “O7 overriding LOAD:ENABLE
"TRIGGER (Pin 26T} Negative going transition (logic 1" 0 logxc

TS ey initiates sample and hold transmon

‘ to-hold state and A/D conversion..

BYTE (N} SELECT Pins 14T, Low (logic “0") causes bits within BYTE (N)

‘.- 18B, 17T, ‘o be presented at outputs; High (logic 1)
: causes bits of BYTE (NY to be disconnected. .
STROBE Negative going transition (logic “1" 1o logic “O”)

generates dclay out pulse after 7usec max. dclav

DIGITAL OUTPUT SIGNALS (See Tlmmg Dlagram)

‘Standard CMOS logic| h:vcls, 2 Low ‘,
Power TTL Loa.ds.

B, BY thru B12

Compatlbllltv

Parallel Outputs (buffered)

i Codmg " 'Natural binary, two’s complement,
" offset binary, Pin selectable.
k Outputs‘ ‘B1 thru B12 tri-state outputs stccrcd bv

o BY’I‘E (N) SELECT mputs.

> Serial- Output - NRZ format, bumry or offsc:—bmnrv codmg,
L el posm\'c true (see Timing Dxag‘ram)
MUX Address Cutputs
8,4,2, %
“pins 188, 19T (thru 22T) .
EOC (Pin 27B)

Positive true naturs.l binary codmg
\mdxcares chmnel selectcd

ngh (logxe ”1”) output durmg A/D

conversion. R
DELAY OUT Negative gomg pulse gcncrated by strobe e
= L pulse after Tpsec: max. dcla.y 5
ADJUSTMENTS , RS , <
; Offset Adjust Externally acce‘&‘siblé internal adjustment :

" or'remote external adjustment calibrates /5
zero offset. Use with RANGE ADJ to
; calibrate absolute accuracy. S
Range Adjust - - Externally accessible internal adjustment.
: " _or remote external adjustment calibrated -
range. Use with OFFSET AD]J to ca_hbrate .
absolute accuracy

Short Cycle (Pin 28T)  When open, the unit operates with a full’
twelve bits resolution. When BYTE (N)

. SELECT inputs are all low and the SHORT
CYCLE input is connected to bit N, the :

g . . unit will operate with N —1 bits resolution.

Channel Selection Mode . Random, sequential continuous,

.and sequential triggered.

’ POWER REQUIREMENTS ‘

L Two power—supply facilities may be uscd In one, both £15V and +5V, supplies

. are useds in the other, the +5V inpit is connected to +15V, the digital and analog
. ‘returns are connected together, :md on}y two voltages are requxred

+15VE3% @45 mA -
—15V 3% @ 45 mA OR
H5VES%H @25 mA :

+15V £3% @ 85 mA
~15V £3% @45 mA

“ ENVIRONMENTAL & PHYSICAL

0°Cto70°C.
~-25° Cto +85°C. .. : {
Up.to 95% non-condensing

RFI & EMI 6 sides (except connector area)
tnsulated steel case 3.00 x 4.6 x 0.375 inches.

Operating Temperature
Storage Temperature
Relative Hunidity
Electrical Shielding
Packaging

address register. Low (logic “0”) input; updates’.

o

)
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TIMING

SEQUENTIAL ADDRESSING

DIMENSIONS

INTERNAL INTERNAL
RANDOM ADDRESSING =t NON-OVERLAP MODE —=
A ' RANGE  ZERO-OFFSET
m TS0 | XX, XK, X AXKY, CLAX XX KOO LA, ADJL,)ST AD,JUST
STROBE TIEETIS (T EIEITITITS VIR LA AR U SIS IA A @® ! ®
R ADDRESS DATA SOTTR AR AKX XS DOCXXX, XOOOCC XXX, XD e 1.03" -
“ 957
DELAY QUT/TRIG IN 1 y
£0C Z80s MAX, \| ISAMPLING) [ THOIBING] \ A ’
B CONVERSION / 3.00
81 \ 1 a A
82 | ] Y N, 0
831 \/ 1 \ 0 \/ 1
B4 [ \/ 1 9 [\ 0
8BS \/ 1 \ 0 " 1 ®
B6 [ \/ 1 \ Y \ 1]
B7 { /e ] \ 9 Y 1 ;
g8 [ Y 0 0 ! 4.60
89 [ ] \/ 1 0 \VARE'
B10 [ VT \ 0 J—) 1
811 VT 0 /7 (X 0 T 1.375" MAX.
812 VT 9 0 \ 3 N\ 1
MUX ADDRESS OUT { 3 ) [T \\ . PIN =36T
QUTPUT DATA VALID PREVIOUS |\ .. /| CHANNEL f—e ./ CHANNEL 1} /CH.1 \\ PIN =1T \ N\
+Fs DATA 3DATA 0DATA tza10  DATA \ PIN =368
10.235 — - - \
DIFF AMP. OUT @ h PIN =18 CONNECTOR
_rs ~10.240 MTG AREA
- 43410
s vEs +10.235 BASIC MODULE CONFIGURATION
& HOUT 0 —10.240
~F§ -
ADC SET UP FOR 10.24V. INPUT,
SIGNAL CONDITIONS AND STATUS KEYS OFFSET BINARY. {FOR TWO'S
FOR FIGURES 1 AND 2. COMPLEMENT, USE 7 FOR M.S.8.)
KEY INPUTS OUTPUTS
CH.2=-3415V. CODE 010 101010 101 TXX | MAY CHANGE DON'T KNOW
CH. 3= +10.235V. CODE 111111111111 7777 | MAY CHANGE 0 TO 1| CHANGES 0 70 1
CH. 0= —10.240V. CODE 000 600 000 000 N | MAY CHANGE 1100 | CHANGES 1700 l ERM‘NA l l N
CH, 1= +3.410V. CODE 101010 101 010 OR | MUST BE STABLE | WILL BE STABLE
SERIAL DATA OUTPUT TIMING Table 1 — MPB812 Connector Pin Diagram
BIT <15V T8 15V
CLOCK N ANA RTN 27 2B ANARTN
out mse 2 3 4 5 6 7 8 9 00 11 12 CHOIN 3T 3B CHEIN(CHORTN)
CH 1IN aT 48 CH9IN{CH 1 RTN)
LA n o i h e S A
: i{ i il II II il ‘i H ]' H | [i cH3IN 6T 68 CH11INICH3RTN)
S | i H { i | { L ! 1 : CH 4 IN 77 7B CH 12 IN{CH 4 RTN)
SERIAL i i T i ?( 9, 9, I 0l T 94 T ol CHSIN 8T 88 CH I3INICHS5RTN
DATA | 11 ! ‘I I [! I i, ! Ix ! [( i CHEIN 9T 98 CH 141N (CH 8 RTN)
' - l i i i { i 1 ! CH7IN 10T 10B CH 13 INICH 7 BMT)
: i MUX HI QUT 11T 118 MUX LO OUT
RANGE SEL 12T 128 AMPIN LQ
£o¢ S& HOUT IADC INT) 13T 13B  AMP OUT
; ] ENE 14 14T 148 BIPOLAR OFFSET.ADC IN 2
J— 32us Max. 1 +10V REF 15T 158 ENB 52
EXT OFFSET 16T 168 REF ADJ
ENB 9-12 17T 178 ENABLE LO
ENABLE HI 18T 188 3 OUT
. sout ) 1T 1 aw
NOTES ON TIMING. As noted earlier, the 48UT Mo 20T 208 4 EE
s : 20Ut { LINE 21T 218
MP_6§12 has a built-in 7Usec delay, to allow HOW I O ORDER ooy oy o
inhibition of the start of conversion (after oLY ouT BT 238
. R - M Py
MUX-address loadmg) until the MUX and To order any one of the 8 standard systems, g%?‘é_ég 8
Sample-Hold have settled to the rated ac- simply specify the model number given in TRIG
. . s ; SERIAL OUT
curacy. This delay. may be introduced into the chart below. For example, Model 6812-S SHT CYC 25T
both the free-running mode or the external- has the standard ranges specified on page 6, 810UT 297
ly triggered mode, and is operative both for  the standard Tri-State output buffers o bl
externally programmed random or sequen- (CMOS-compatible levels, 2-TTL low-power 87 OUT 327
; : ; . . . 83 OUT 33T 338 8100UT
tial addressing and internally programmed loads) and accepts only 16 szng.le-endecf in s110UT 4T 348 812 (LES) OUT
sequential addressing. Note that a complete  puss. All standard models are shipped with a DIG BTN BT 358 DIGATN
conversion (measured from HOLD com-  maring right-angle connector. i T s v
mand to EOC) requires about 27usec (28
max.) at the standard clock rate. Short-cy-
cling the converter will reduce this conver- RANGES INPUTS QUTPUTS
sion time (see figure 3). Optionally, the user 10V & 5V [10.24V & 5.12V 8 Differential | CMOS | TTL
may generate the required delay externally, MODEL Full Scale |  Full Scale 16 or Tri-State | Tri-State
for highest atrainable throughput rate. NUMBER {Bipolar & {Bipolar & Single-{ 16 Pseudo- (2-TTL | (10-TTL
Unipolar) Unipolar) Ended| Differential Loads) Loads)
MP6812-S A/ — Vi — v/ __
A E MPBB12-5R —Z v Vi - ~/ —
. et MP6812-D —_ ——
ANS88 contains all necessary facilities (less VPGS 12 BR v V. v v
power supply) for complete check-out and - - S—— Y V4 v vV ——
use of the MP6812, and is laid out to mini- MP6812-ST v - v - i Vv
mize input signal interference. MP6812-DT i —— i A/ —— vV
. MPE812- _Z _Z _—
MP6848 expands channel capacity to four MP68 2 SR:_ i vl Y4
times standard. (See page 9 for details.) 6812-DR — vV v vV — vV
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TEST PROCEDURES AND DOCUMENTATION

After final assembly and burn-in, every
MP6812 is exhaustively tested by a compu-
ter-programmed test procedure. The print-
out (see sample, which is shown here
reduced) is shipped with the unit, to verify
full compliance with the specifications, at
the time of shipment.

There follows an explanation of the tests
performed on an MP6812-DR (see page 7
for capabilities).

DIGITAL SECTION TESTS

1. MUX Address with Parallel Loading. The
multiplexer address register is parallel
loaded with all 16 possible input codes
progressing from 1111 to 0000 in a
binary sequence. For each code the 5 out-
put lines (1, 2, 4, 8, and 8) are tested for
equality to the input code. When all 16
tests have been successfully performed
the word “PASS” is printed.

2. MUX Address with Auto-Sequencing. The
multiplexer address register is parallel
loaded with a code of 0000. The multi-
plexer is then configured in an automatic
sequencing mode. Each strobe pulse
applied to the unit will cause the register
to advance its count in a binary fashion.
The 5 output lines are checked for each
of the 16 possible counts as the register is
sequenced. When all 16 tests have been
successtully completed the word “PASS”
is printed.

3. MUX Clear Function. The multiplexer
address register is parallel loaded with a
code of 1111. The clear function is
applied to the register. The 5 output lines
are checked for the channel 0 code; when
the test is successfully completed the
word ‘“PASS”’ is printed.

4. Delay Time. In this test, the internal-
delay pulse duration is measured and
printed.

5. Conversion Time. In this test, the 12-bit
conversion is measured and printed.

ANALOG SECTION TESTS

1. Channel 0 Accuracy Test. Using a unique
Analogic technique (see diagram), the
code-center voltages of 22 critical spots
on the transfer characteristic for the con-
verter are measured and listed.

INTER-

COLPUTER
CONTROLLED
RAAWP

SENERATOR

For each measured code, the computer
manipulates the input voltage to ramp
between the code above the desired code
and the code below the desired code. The
average input voltage is thus equal to the
center voltage of the desired code. This
voltage is measured by the DVM and stor-
ed in the computer. Each code center
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reading is a result of several hundred con-
versions, If the desired code does not
appear at the MP6812 output during the
test, the word “YES” is printed in res-
ponse to the missing code question. After
the 22 data points have been measured,
any range or offset errors present on the
£10.24 Volt range are mathematically re-
moved from the readings before the
results are printed. Thus, the printed
results show the absolute accuracy to be
obtained with proper adjustment of the
range and offset controls. The error limits
are £0,025% of full-scale range.

Missing-Code Test. Using a technique
similar to the accuracy test, but without
the DVM measurement, the input voltage
is slowly moved from + full scale to — full
scale while the MP6812 continually con-
verts. The word “PASS” is printed only
if all 4096 possible codes occurred during
the sweep.

Range and Offsert Errors. Before the
MP6812 is tested, the 16-turn range and
offset potentiometers are physically cen-
tered. During the test, the actual range
and offset errors are measured for each of
the four programmable voltage ranges. If
the errors are within calculated design
limits, then the range and offset potenti-
ometers will have ample adjustment capa-
bility.

= CORPORATION AUDUETN ROALD

DATE ALGLIST 28, 1979

MiSX ADOR WITH PARALLEL LIJADING
MiEX ADDR! WITH AUTO-SEQUENTING
MUX CLEAR FUNCTTON

DELAY TIME (U2EC)

CONVERSION TIME (nsFPy

11 RITS
7 BIT3=016 04

10 E\-IT:

CH O AUCURACY TEST

fin]aly THEORETICAL
111111111110 +10. 2F00
111118111100 O
111111111000
111111110000
111111100000
111111000000
1111 10000000
111106000000
1110060000000
110000000000
10000000000
010000000000
[T Yolslelelalulalal]
000100000000
0000 10000G00
QOO0DQ 1000000
DO0000100000
Q00000D 10000
QOOO00001000
OGOCOO00N0 100
DOODOCHOODLC
[alalslelsleluielnlnIiDY

Al,Tl 1AL

I”HEF‘L FiIR F‘RE“ENLE HF ALL 8

i:i :
D031 0
BETWEEN CH 0 % TH 1-15

DIGITAL SECTINN TESTH

—022 91 = B
A& BITS=012 735 5B
NALDG SECTION TE

4.

WAKEF TELD, HASS
e DATA ADDUESTTION SYSTEM MODULE
SERIAL NUMEER: S3502

Channel Check. In this test, a code-center
measurement is made at + full scale on
each of the 16 MUX channels. The differ-
ence berween the channel O reading and
the other 15 channels is listed. Maximum
error is £% LSB or £2.5mV.

Slew Rate and Settling Time Test. In this
test, a fixed input near minus full scale is
applied to channel zero and a fixed input
near plus full scale is applxed to channel
fifteen. For the first conversion, channel
zero is addressed: and, after a long wait-
ing period, 2 measurement is made. For
the second conversion, channel fifteen is
addressed, and the MP6812 is configured
in the auto-sequence mode. When the
trigger pulse is given, the unit will ad-
vance to channel zero, slew from + to —
full scale, and measure the channel zero
input. Any difference between the two
conversions is a measure of the slew-rate
and settling-time ability. The error limits
are £2 bits.

. Differential CMR Test, Here the MP6812

is connected differentially, with the two
inputs for channel zero shorted together.
They are first connected to +10, and a
conversion is made. They are then con-
nected to —10, and a second conversion is

made. The difference between the two
conversions is a measurement of the
CMR.

pASS
FARS
PASS
NOM=006. .0

VOLTAGES REFER TO CODE DENTERS

EFF-HR MISSING CODE™
400 OO0 N3
+00 NO
+O0 D NO
+01). 0014 NI
+00, OO0 NIy
+00 0 N}
+00 NI
+00 O ND
+00 00 NG
+00 BOO Ni3
+00, OO0 N
+00. O N
N
NO
N
N
N
N
NI
N3

[Six]
N

+FULL SCALE
-

O
3]

=) F(ATE k3 .,ETTLING TIHE TES
. ERROR CALSED BY 20V SLEW {(NOMINAL DELAY TIME)
DIFFERENT 1AL DOMMON-MODE REJECTION TEST

ULITF‘NT DEVIATION WITH 2OV COMMON-MODE CHANGE

ERRORT N!TH CFOTEMTIOMETERS CENTERED-———==m—m
R ERROR

0004
GOOS




SPEED/RESOLUTION TRADEOFF

As noted earlier (page 4, and figure 3), the A/D converter in the
MP6812 may be short-cycled, to reduce conversion time, thereby
trading off resolution for increased throughput. Table 2 shows the
interconnecting-jumper connections required to shorten the cycle.
... .in other words, for resolution of Bn, connect 28T 0 B (q¢h)-

ADJUSTMENTS

Full range and offset adjustments are provided internally; however,
if remote range and offset adjustments are required, use the follow-
ing procedure.

Zero Offset. To recalibrate the OFFSET: Apply the input voltage
shown in table 3, and adjust the OFFSET control so that the LSB of
the output codes listed in the table alternates equally between ‘17
and “0”. Offset should be readjusted whenever the selected range is
changed.

Range (OFFSET should be trimmed before adjusting RANGE).

To recalibrate the RANGE: Apply the input voltage shown in table
4, and adjust the RANGE control so that the LSB of the output
code alternates equally between ‘1" and “0”. Range should be re-
adjusted whenever the selected range is changed.

External Trimming Connections

- INCREASE w DECREASE

@ OFFSET %] RANGE

& «10V REF 15T z +10 V REF 15T

o

Q -4

- EXT

29 @ OFFSET 167 20K 3 @ REF ADU. 168 20K

z o ADJ 2

»“—) 1 ANA RTN  2T/2B = ANA RTN 27/28

z DECREASE Zz INCREASE
OFFSET RANGE

EXTERNAL OFFSET TRIMMING

CONNECTIONS EXTERNAL RANGE TRIMMING CONNECTIONS

RANGE SELECTION

Table 5 describes the simple procedure for range selection.

APPLICATION NOTES

Table 2
RESOLUTION | CONNECT PIN 281 10:] RESOLUTION | CONNECT PIN 28T TO:
72 81TS (FULLI PIN 368 (+5V) 9BITS PIN 338 (B10)
11 BITS PIN 34B {812) 8 BITS PIN 33T (B9)
10 BITS PIN 34T (B11) etc. ete.
Table 3
OUTPUT CODE
RANGE INPUT (81,82, ...812)
—10V to +10V +0.0024V 100 000 000 | 000/t
OV to +10V +0.0012V 000 Qoo 000, 000/1
—5V 10 +5V +0.0012v 100 000 000 | 000N
0V 1o +5V +0.0006V 000 000 000 000/1

NOTE: for "“R” models, muitiply inputs by 1.024, for corresponding ranges.

Table 4

QUTPUT CODE

RAaNGe NPT (81,B2,...812)
—10V to +10V +9.9927V T
0V o +10V +9.9853V 1
i

-8V 10 +5V +4 9853V 1 11 L on

OV to +5V +4 9927V ‘

NOTE: For "R" models, use the following input: +1QV, +10V, +5V, +5V.

Table 5
MAKE THE FOLLOWING CONNECTIONS

SINGLE-ENDED UNITS DIFFERENTIAL UNITS
0OV to +10V 12T to 13B, 13T to 148 127 to 2T; 13T to 148
0V to +5V 12T to 2T, 13T to 148 12T to 138; 137 to 148
—~10V to +10V 12T to 13B, 14B to 16T 12T to 2T; 14B to 15T
—5V to +5V 12T to 2T, 14B to 15T 12T to 138; 14B to 15T

MULTIPLEXER EXPANSION

Figure 10 shows the interconnection scheme for expanding the basic
multiplexer channel capacity of an MP6812 (16 single-ended/8 dif-
ferential/16 pseudo-differential) to a total of 32 differential/64
single-ended or pseudo-differential channels, using the MP6848
MUX expander module.

Expanded 64 Channel Single-Ended System
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TYPICAL MICROPROCESSOR APPLICATIONS

MP6812 with INTEL 8080 R )

o > D:
Arg B8L12
Ars
Az
AI‘
A.s______l Ay o
Figure 8080 System Architecture.
4
’A|5_A1|
¢—=-As—Ag B
ENAGLE ENABLE
o FUpLE e
~ ir
Ays—Ag ADDRESS BUS (161 g8L1> I7T 4T 188 o
198, 208, 218, 228
HOLD =~ {} Vi {} [/ o4 STROBE ;
INT == = INTE ., ROM RAM 170
87024 830211 1 8101 8102 8212 .
SYSTEM 8604 8316] | [ 8111 8102A| 18255 8251 (4 MSB)
8080 CONTROLLER C; “ $@ ? 1 ﬁj
8 4
D;—Dq - BTOIRECTIONAL DATA BUS (B )
- v
WE Ommtm Y
READY oy ee P WEMW 4 MPB812
RESET TR {4 LSB)
SYNC
HLDA 1 (see  o—1OW
NOTE [t BUSEN
1 i
b e o [NTA WETR
G2 5 §TSTB }
WAIT 8224 [ —
REQ CLOCK Ot 59 TTL
GENERATOR foe———m= QSC
RESET (SEE NOTE 2) coc 278 23T

L ’————CCf o 0w J Am

MP6812 with MOTOROLA MP6800

PROGRAM:

PAQ-3 AS OUTPUTS SEND CHANNEL = (MUX ADDRESS TO ORA, {RIGHT JUSTIFIED], BITS0-3 —60
PA4-7 AS INPUTS PROGRAM A NEGATIVE PULSE ON CA2 TO START MEASUREMENT
PBO-7 AS INPUTS INTERRUPT FROM CA1 INDICATES VALID MEASURED DATA AVAILABLE
CA1 TO RESPOND TO NEGATIVE TRANSITION READ IN DATA; 8 MSB'S VIA PBO-7
CA2 AS QUTPUT $4 LSB'S VIA PA4-7, (LEFT JUSTIFIED)
2 pHASE | YMA 02
CLOCK
EOC
STROBE
ROM o
AC-AD _ipo-D?
—
= DBE 3 EH =S 198 (73] 74T 286 187 188 178 191 11T 118 |
5 s : £ cA1 PA03 |38 " MUX . 25T 278
g 538 (PAO) AR "=
= CA2 g =
pad-7]237 (PAT) BT -
PIA %i%s_ Yay .
8T -
, AG-A1 ~{RSO-RS1 N_V_l—\'— 348 (PA4} T | e
™ PAO-PAT7 1gT [ CHIXN
—
MpPU 2 . 4§ | 015
S0 MPE312 58 f=-
P A13 csi BB -
a4 29T (PB7) gg i
e = zoe B
108 fot J
R/W RAW %??
JEOI N I S 12
A0-AB8l RW  1pg.D7 PBO-PB7— —— T g;g_ DATA
BAM e b0 0o COl—=—— NOT 2 BITS
+5.0V— 77 I CD2f~e—s=— USE; 337
= g L£5.0V {ROA TROB 338 128}
E e 34T SIG RTN
AR £ 34B (PBO)
1 248 14T 358 177 35T
DATA BUS 00-07 \V4
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TYPICAL MINICOMPUTER APPLICATIONS

MP6812 with DATA GENERAL NOVA/SUPERNOVA

e S e R
DATA OUT 36T 247 288 18T 188 178 197 117 116 CHAN 0 IN
348 (0) 3TH—<
4T af—
338 ‘531—<
DATA 11 337 <
DATA 12 328 12 =
32T DATA 8T
318 8ITS 1N m—
DATA 15 B =
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ATIC 30T 4B <
6 %ggr (11) gg
; MPB812 % b
228 —<
DS 0-5 218 MUX 98—
2 {508 ADDR 108 <
2 >— 198 CHAN 151N
S 128f—5IG RTN
s >
DEVICE z — 25T STROBE
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-] 26T
o—o<]: -—{278 EOC
24B 14T 158 17T 35T
5
TYPé_\—o

R Q ENB +5 \4
o b o
DONE
C 11— —iC 1 c 1{Do—
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DATOA +5 74C74 74C74 74C74
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e CLR
£ MSKOQO
1 INTR
Ne..
A MP6812 with DIGITAL EQUIPMENT PDP-11
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D(15:00)
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19B CH 8 IN 13T 148 11B 11T ENB ENB ENB
208 CH 4 iN
M105 518 CH 2 IN 14 58 9-12
s ADDRESS ————4228 CH1 IN
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P HIGH CONVERT
SELECT O 268
SFT READING FF e EOC |50g
g WL g . ANALOG
i SELECT 2 “_—‘1 o— INPUTS
IGATE DRIVERS 555555 e
DO5DD2D2
' 328282 2323333
N e e 0w YT MmN -
; o=l EEEEEE
B o momo o o | oMo
i o0 b M= 0 0 b~ (O e O =
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U 15:00
POP 11 INTERFACE
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ANALOGIC MANUFACTURES
SUBSYSTEMS & COMPLETE SYSTEMS
FOR EVERY DATA-ACQUISITION REQUIREMENT

MP6912 HIGH-SPEED

MINICOMPUTER-COMPATIBLE

SYSTEM.

For use within minicomputers

and very-high-speed microprocessor

svstems, the Analogic MP6912 is

the smallest, most versatile,

completely self-contained high-speed

modular 16-channel data acquisition

svstem ever offered to the system

designer, provides

all ot the versatlity

ot the MP6812
. and more.

SERIES 5400 AND 5800
COMPUTER-COMPATIBLE
A/D/A SYSTEMS WITH
UNLIMITED CHANNEL
CAPACITY.

Two tamilies of low-cost modular sys-
tems, ideal for data conversion
applications ~ from simple
MUX-Buffer/ADC combinations to
claborate A/D-D/A interfaces under
computer control. True plug-to-plug
compatibility is provided for

the standard minicomputer specified.
A universal motherboard provides
space and interwiring for an extremely

wide range of functions and capabilities.

MP8116 16-BIT D/A
CONVERTER WITH STATE-
OF-THE-ART ACCURACY,
STABILITY & LINEARITY.
The Analogic MP8116 is the world’s
first 16-bit D/A converter in which
the worst-case linearities, tempera-
ture coefficients, noise levels, and
time stabilities have been engineered
to be completely consistent with
the realization and maintenance of
absolute accuracy of better than
one part in 2'°

CONVERTERS.
The industry’s widest range of
A/D and D/A converter modules and
IC’s. The A/D designs include both
integrating and successive-approxi-
mation types. Designs available
in every price/performance slot,
from economy 8-bit to state-
of-the-art 16 bit.

POWER SUPPLIES.

Designed to provide all necessary

DC power for both analog and digital
circuitry of data acquisition

systems, this series comes in two
basic forms — chassis mount and

modular. Both DC-DC and AC-line-
powered designs are available in a
wide range and variety of voltages
and currents.

ACCESSORY MODULES.

A wide range of optimized accessory-
circuit modules, including
Multiplexers, Sample-Holds, and
Operational Amplifiers (including
prograrnmable-gain designs),

and Active Filters.

AVAILABLE FROM:

ANALOGIC 5
ANALOGIC INTERNATIONAL ® Audubon Road @ Wakefield, Massachusetts 01880 ® Tel. (617) 246-0300 ® TWX (710) 348-0425
ANALOGIC LIMITED ® &8 High Street ® Weybridge, Surrey, KT13 8BN & England ® Tel. Wey 412514 Telex {851) 928030

Builletin No. 16-100052 REV 1

Copyright 1976 ANALOGIC Corporation:
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Audubon Road ® Wakefield, Massachusetts 01880 ™ Tel. (617) 246-0300 % TWX (710) 348-0425

Printed in U.S.A.




MP6812

INTERCONNECTION GUIDE Complete Subminiature

Data-Acquisition System

ANALOGIC

INPUT CONFIGURATIONS

The —§, -SR, —ST, and —SRT versions of the MP6812 are dedicated to 16 single-ended inputs and

do not require pin interconnections. The —D, —DR, —DT, and —-DRT versions of the MP6812 offer
a choice of three input configurations: (1) 16 single-ended inputs, (2) 8 true-differential inputs, or

(3) 16 pseudo-differential inputs, by properly interconnecting pins on the module. These intercon-

nections are summarized below. '

ANALOG ANALOG
INPUT INPUT INPUT RETURN
CONFIGURATION CONNECTIONS CONNECTIONS JUMPER CONNECTIONS
16 Single-Ended Inputs 37T thru 10T All returns to 2B or 2T 11Bto 11T
38 thru 108 12B t0 2B
17B to 19T
188 to 18T
8 True Differential 3T thru 10T 38 thru 108 11Bto 12B
Inputs
16 Pseudo-Differential 3T thru 10T Common input to 12B 11Bto 11T
38 thru 10B 17B to 19T
188 to 18T

1. Connect all unused analog inputs to 2B or 2T.
2. See Figures 1a, 1b, and 1¢ in MP6812 Brochure.

GROUNDING CONSIDERATIONS. In order to minimize noise pickup, ground loop currents, and
ground-path voltage drops, careful attention must be paid to how the electrical returns and voltage
reference points are connected. (The MP6812 provides internal connections for ANA RTN and
DIG RTN.) A typical system using the MP6812 has several “grounds’” which include:

(1} %15V Return  {4) Computer Ground
{2) 45V Return {5) Chassis
(3) Signal Returns (6) Third-Wire Ground

Each of these must be connected correctly to the system. The following rules generally apply:
1. If the 15V power supply is floating (a good idea for optimum analog accuracy), connect its

return to ANA RTN (Pin 2B or 2T). If the 15V power supply is not floating, connect its
return to DIG RTN (Pin 35T or 35B).
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2. Connect the +5V supply return to DIG RTN (Pin 35T or 35B). If this supply also powers

additional equipment {i.e., a computer), run separate, parallel returns to the equipment
ground and to DIG RTN (Pin 35T or 35B).

. To minimize signal grounding problems, single-ended input signals should only be returned to
ANA RTN (Pin 2B or 2T). If this is not possible, then connect the input signals in either the
“true differential’”’ or the "pseudo-differential’” configuration (see Figure 1, MP6812 Brochure).

. Connect computer ground, generally the return for the digital 1/0 signals,to DIG RTN {Pin 35T
or 35B). Use heavy wire (#14AWG) or ground planes.

. The computer chassis should be connected to the computer and power supply grounds at only
one point. If this is not done, a ground loop will exist. lts effect can be minimized by assuring

that the components of the loop (i.e., chassis to MP6812 ground, MP6812 to £15V supply
ground, and the chassis to +15V supply ground) are physically as close as possible.

6. Connect the third-wire ground from main AC power input to the computer power supply return.

SELECT MUX ADDRESS-LOADING MODE
The method of addressing the multiplexer can be selected by connecting the MP8812 as follows:

RANDOM. Set Pin 24B (LOAD ENB) to logic 0", The next falling edge of STROBE will load
the address presented to Pins 19B thru 22B (8, 4, 2, 1). The code on these lines must be stable

during, and for 100ns after, the falling edge of STROBE.

SEQUENTIAL FREE RUNNING. Set to logic 1" Pins 24B (LOAD ENB) and 25B (CLR ENB).

Connect Pin 27B (EOC]) to Pin 25T {STROBE). Connect Pin 23T (DLY OUT) to Pin 26T (TRIG).
To provide a run/stop control, a Nand gate should be introduced between Pins 23T and 26T; one
input can be used to enable or disable conversion.

MUX SCAN-CONTROL CONNECTIONS

EXT >———COf STROBE ( 25T)
DIG COMMAND
CLR ENB 258 O
MP6812
, NAND GAT
To shorten scanning sequence of D GATE
multiplexer channels, make the 19T MUXADDRESS 8 —O AO—
ropriate connections, (as shown 20T MUXADDRESS 4 Q BO

appropriate connections, 21T MUX ADDRESS 2 p—O CO—

in the chart) between an external 22T MUX ADDRESS 1 peeeee) ‘

NAND gate and MUX ADDRESS

terminals 19T to 22T7. AsT MUX ADDRESS

CHANNEL 8 4 2 1 DIG. GROUND I im s also used

1 X X X A X connect this input to it
2 X X 8 X X {to 248} This gtves loading
3 X X 8 A X preference over clearing.
4 X ¢ X : i Note: For initial channel = M,
5 i g ; % x connect gate output to LOAD ENB
s X p 8 A % {24B) and code channel in
8 c X x < " 8.4,2, 1 to address M.
9 p X X N X however. this precludes
10 ¢ X 8 X X random addressing
AR} o} X B8 A X
12 B ¢l x X x
13 8 [ X A X
14 A [} B X X
1% X X X X A

X = NO CONNECTION

—2—
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SEQUENTIAL TRIGGERED. Set to logic 1" Pins 24B (LOAD ENB) and 25B {(CLR ENB}. Con-
nect Pin 25T (STROBE) to external triggering source. The multiplexer address register will auto-
matically advance by one channel whenever a STROBE command is received. The initial channel
can be selected by setting Pin 24B (LCAD ENRB) to logic 0" during only one STROBE command.
The multiplexer address will then be determined by the logic levels on Pins 19B thru 228 (the ex-
ternal MUX address lines). Channel "0”" can be selected as the initial channel by setting Pin 25B
(CLR ENB) to logic 0" during only one STROBE command. The last channei can be selected

by following the procedure presented above.

SELECT OUTPUT RESOLUTION
a. Full 12 bit resolution: connect Pin 28T to Pin 36T.
b. Bn (Bn <12 bits) bit resolution: connect Pin 28T to Pin Bn +1. Example: For Bn = 8 bits (Bn +1

= B9 OUT), connect 28T to 33T.

SELECT INPUT VOLTAGE FULL SCALE

The basic input range is selected by ordering —S, —ST, —D, or —DT for 10 volts or ~SR, —SRT,
—DR, or —DRT for 10.24 volts. The input full-scale range is selected by implementing the appro-
priate interconnections, as listed below.

MAKE THE FOLLOWING CONNECTIONS
For —S, -8R, —ST, ~SRT Versions | For =D, —DR, —DT, —DRT Versions

0V to +10V 12T to 138, 13T to 14B 127 to 2T; 137 to 14B
OV to +6V 12T to 27, 13T to 148 12T to 13B; 13T to 14B

—10V to +10V 12T t0 13B, 14B to 15T 12T to 2T; 14B to 15T
-5V to +5V 127 to 2T, 14B to 15T 12T to 13B; 14B to 15T

SELECT OUTPUT CODING
Unipolar Binary 23B to 24T
Offset Binary 23B to 24T
2’s Complement 28B to 24T
B1 output is at pin 29T.

TRI-STATE ENABLE

Pins 14T, 16B, and 17T control 4-bit bytes of the 12-bit output word. Pin 14T, when grounded to
Pin 357, presents bits 1-4 on the respective output lines. Pins 15B and 17T present bits 5 through
8 and 9 through 12, respectively, when grounded.

A3-15




HOUSEKEEPING 64-~-CHANNEL ADC MULTIPLEXOR

Front Panel to PC Board Cabling

to PC board.

A3-16

ADC Channel To. Signal élrl‘ii:tg g:lji:é-s

P-1 p-2 P-3 P-4 Pin No. Pin No. Pin No. Group

0 16 32 48 7 8 6 2

1 17 33 49 13 14 12 4

2 18 34 50 19 20 18 6

3 19 35 51 25 26 24 8
4 20 36 52 31 32 30 10

5 21 37 53 37 38 36 12

6 22 38 54 43 b4 42 14

7 23 39 55 49 50 48 16

8 24 40 56 4 3 5 1

9 25 41 57 10 9 11 3
10 26 42 58 16 15 17 5
11 27 43 59 22 21 23 7
12 28 44 60 28 27 29 9
13 29 45 61 34 33 35 11
14 30 46 62 40 39 41 13
15 31 47 63 46 45 47 15
Note: P-1 through P-4 are 50-pin ribbon connectors from the front panel BNC's
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