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ABSTRACT

This thesis developed a robust electronic interface package for the Naval
Postgraduate School (NPS) Middle Ultraviolet Spectrograph (MUSTANG)
experiment. The MUSTANG instrument was designed to observe atmospheric
emissions in the 1800A to 3400A wavelength region. MUSTANG has flown
along with a Naval Research Laboratory (NRL) instrument on a NASA sounding
rocket experiment, and is scheduled to fly on two more sounding rockets prior to
integration on an Air Force satellite. Data from these experiments will test a
new technique for measuring global ionospheric electron densities on a real-time
basis. The electronic interface links the MUSTANG instrument with the Aydin
Vector MMP-600 Series Pulse Code Modulation Encoder in the sounding rocket
telemetry section. Analog data from MUSTANG is digitized and buffered in the
electronic interface to support asynchronous transfer to telemetry. Digitized
MUSTANG data is telemetered to a ground station during rocket flight. This
electronic interface circuit was thoroughly tested during payload integration with
NASA. Ground Support Equipment (GSE) was extensively revised to support

the MUSTANG instrument during laboratory calibration and launch site testing.
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I. INTRODUCTION

The MUSTANG instrument was developed at the Naval Postgraduate School
in response to a research requirement for defense environmental satellites put
forth by the Joint Chiefs of Staff. Reference 1, the Joint Chiefs of Staff
Memorandum MIJCS 154-86, was published on March 21, 1986. It listed
Measurement of the Electron Density of the Earth’s Ionosphere as the fifth
highest priority research area out of 50 research requirements. Development of
many modern high frequency (HF) military systems requires an accurate
knowledge of ionospheric electron densities. HF electromagnetic waves used by
these military systems are reflected and bent by the ionosphere. Research is
presently being conducted to relate knowledge of the ionospheric electron density

to the following areas.

» High Frequency Radio Communications
» Over-The-Horizon Radar Systems

» Ballistic Missile Early Warmning Systems
» Ground Wave Emergency Network

Current electron density measurements of the ionosphere are made from
ground-based radar systems or ionosonde stations. These measurements do not
give a global picture of the ionosphere composition. The ideal measurement
platform would be based on a satellite where constant observations can be taken.
A spaced-based ionosonde measurement platform is impractical due to size and
power restrictions. A passive measurement platform is necessary for satellite

based observations.




Scientists at the Naval Research Laboratory (NRL) and the Naval
Postgraduate School (NPS) are working on passive methods of measuring the
electron density of the ionosphere. They currently believe that by measuring
specific atmospheric emissions, they can infer ionospheric electron densities
from photochemical models of the ionosphere. Reference 2 provides more
information on this work.

The NRL HIRAAS instrument is a Rowland Circle Spectrograph which
provides passive measurement of the ionosphere in the 500A to 1500A
wavelength region. The NPS MUSTANG instrument is an Ebert-Fastie Middle
Ultraviolet Spectrograph which provides passive measurement of the ionosphere
in the 18004 to 3400A wavelength region. The two instruments together have
been successfully launched on the National Aeronautics and Space Administration
(NASA) rocket experiment number 36.053DE in March of 1990. The two-stage
Terrier-Black Brant launch vehicle was launched with the two instruments from
White Sands Missile Range in New Mexico. HIRAAS data was recorded on
electrographic film during flight, and MUSTANG data was telemetered to a
ground station. Observations were made from an altitude of 100 to 320km and
the data recovered were excellent.

The success of this rocket flight led to the scheduling of an additional flight
on NASA rocket experiment number 36.088DE to launch in February 1992.
Additionally, a contract has recently been awarded for an Air Force satellite,
P91-1,which will carry HIRAAS and MUSTANG into low earth orbit to make
ionospheric observations from space for at least a year. The satellite is to be

launched in the Fall of 1995.




Several changes and modifications to the MUSTANG instrument were
necessary to prepare it for the next NASA sounding rocket launch. Specifically,
a revision in the electronics interface was necessary to prevent a data loss which
had occurred on the first flight. The redesign of this interface as well as
modifications made to the MUSTANG ground support equipment to support the
upcoming launch is the subject of this thesis.

Chapter II documents the operational characteristics of the MUSTANG
instrument itself, as well as the telemetry and support equipment provided by
NASA as part of the sounding rocket experiment.

Chapter III investigates and identifies problems with the electronic interface
package from the first sounding rocket launch. Areas where changes are
necessary or new modifications are desired are identified.

Chapter IV provides an in-depth development of the design of the revised
electronic interface package.

Chapter V documents the operation of all of the MUSTANG ground support
equipment (GSE). This includes the Macintosh II computer, data acquisition
boards, electronic interfaces, and all necessary software. This chapter serves as a
reference for operation of the MUSTANG GSE, and documents improvements
made to the equipment as a result of this thesis.

Chapter VI discusses the design and manufacture of the flight components of
the electronic interface including the printed circuit boards and the flight box
enclosure for the circuit.

Chapter VII presents all testing done on the interface circuit to validate its

proper operation prior to flight.




Chapter VIII presents conclusions and recommendations for future projects

associated with the MUSTANG instrument in the field of Electrical Engineering.




II. MUSTANG PAYLOAD AND SOUNDING ROCKET
COMPONENTS

The MUSTANG and HIRAAS instruments are launched on a NASA Terrrier
Black Brant sounding rocket. The major sections of the sounding rocket are
shown in Figure 2-1. The Experiment section is under vacuum at the time of
launch, and a door on the aft bulkhead opens at altitude to allow the insttuments
to make their observations. The major components of the MUSTANG
instrument and the sounding rocket data collection and support system are
described in this chapter.

The entire MUSTANG instrument is physically located in the Experiment
section of the sounding rocket. The instrument consists of a middle ultraviolet
spectrograph, an ITT image intensifier, a Hamamatsu linear image sensor with
associu. d electronics and an electronic interface circuit. The construction of the
electronic interface circuit is the subject of this thesis and is described in detail
in the following chapters. All other components of the MUSTANG instrument
are described in the following sections of this chapter.

The sounding rocket data collection and support system consists of a Pulse
Code Modulation (PCM) encoder, a transmitter and an electric power
distribution system. The instrument power supply is located in the High Voltage
(HV) section, and provides DC electric power to the rocket payload. The PCM
encoder and transmitter are located in the telemetry (T/M) section of the rocket.

All of these subsystems are described in this chapter.




Terrier Boosted Black Brant Sounding Rocket
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Figure 2-1 Sounding Rocket Configuration Block Diagram

A. MUSTANG INSTRUMENT

The MUSTANG instrument consists of a 1/8th m off-axis telescope, a 1/8th
m Ebert-Fastie spectrograph with a photo-detector system located at the exit
focal plane and an electronic interface circuit. The optical equipment was
designed at NPS and fabricated by Research Support Instruments, Inc. The
interface circuit was designed and constructed at NPS as a result of this thesis. A
mechanical drawing of the instrument is shown in Figure 2-2, and a photograph

of the flight-ready MUSTANG payload is shown in Figure 2-3.
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Figure 2-2 Mechanical Drawing of MUSTANG Instrument [After
Ref. 3:p. 17]




Figure 2-3 Flight-Qualified MUSTANG Payload

1. Ebert-Fastie Spectrograph
Ultraviolet light entering the telescope is collected by a 1/8th m spherical
mirror. The mirror focuses the light onto a Smm by 140um vertical entrance
slit. The Ebert mirror collimates the light onto a reflective diffraction grating.
The grating reflects the collimated light back to the Ebert mirror where it is then
focused onto the image intensifier at the spectrograph focal plane. Light incident
on the image intensifier has a bandwidth of 1800A to 3400A [Ref. 3:p. 18].
2. ITT Image Intensifier
The image intensifier is an ITT F4145 Proximity Focused Channel
Intensifier Tube with Dual Microchannel Plates. Technical Data for the ITT
de\"ice is included in Appendix M. It consists of a quartz input window, a cesium

telluride (CsTe) photo-cathode, two microchannel plates (MCP) in cascade, an




aluminum screen coated with phosphor, and a fiber optic output window. The
purpose of this device is to convert the incoming ultraviolet (UV) photons to
visible photons so that they can be detected by the image sensor. UV Photons at
the exit focal plane of the spectrograph strike the photo-cathode which cause
photo-electrons to be generated. These electrons are accelerated down the MCP
by an accelerating voltage. An electron avalanche occurs resulting in
approximately 15,000 electrons produced for every one entering the MCP. An
additional accelerating voltage accelerates the electrons to the phosphor screen
where visible photons are produced [Ref. 3:p. 19]. The accelerating voltage
across the MCP and the phosphor screen determines the gain of the MUSTANG
instrument. It is produced by a high voltage power supply using a control
voltage generated in the interface circuit. Technical data on the high voltage

power supply is included in Appendix C.

B. HAMAMATSU LINEAR IMAGE SENSOR

The Hamamatsu S2300-512F Plasma-Coupled Device (PCD) Linear Image
Sensor is a monolithic self-scanning photodiode array. Technical Data for this
device is included in Appendix A. The photodiodes are highly sensitive to light
in the 4000A to 10000A wavelength region as depicted in Figure 3 of Appendix
A. Photons emitted from the image intensifier phosphor screen have a
distribution in wavelength from 4750A to 6000A, and are sensed by the PCD
image sensor [Ref. 4:p. 32]. The output window of the image intensifier and the
PCD image sensor window are both made of fiber optic material. The two
devices are placed physically in contact with each other in the MUSTANG
instrument. With this arrangement, the UV spectrum in the 1800A to 3400A
wavelength region can be observed by the MUSTANG instrument.




The monolithic PCD linear image sensor can be broken down into three
basic parts: a 25mm by Smm photosensitive area, a PCD shift register transfer
section, and an output section. The operation of the device is described in the
following sections of this chapter. Figure 1 of Appendix A is a block diagram of
the device.

1. Light-Sensitive Section

This section consists of 512 p-n junction photodiodes arranged in linear
array with spacing characteristics depicted in Figure 2 of Appendix A. The
photodiodes are 36um wide and Smm tall. There is a spacing of 14um between
adjacent photodiodes which corresponds to a 50pum spacing between the centers
of adjacent photodiodes. They perform two functions. First, they convert the
optical energy of the incident photons into electrical energy. Second, they store
this electrical energy in the form of charge stored in a capacitor. The
photodiodes are manufactured to have a high sensitivity to photons of visible
wavelength, and a low dark current. The dark current is caused by charge
accumulated in the photodiodes when not exposed to any light. The dark current
is a linear function of temperature, doubling with every 7°C rise in temperature
[Ref. 5].

2. PCD Shift Register Transfer Section

This section of the detector provides the means for successively reading
out the charge stored on each of the photodiodes. Hooked conductance
transistors (HCDTs) make up the digital shift register. They are arranged in a
linear fashion on the silicon substrate. When the proper phase clocking pulses
are provided to the shift register, the HCDTs provide a negative address pulse

which ripples down the array of switching transistors shown in Figure 1 of
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Appendix A. The shift register uses the semiconductor plasma that is generated
and destroyed in the silicon substrate as a result of carrier accumulation. Proper
phasing of input clock pulses allows this plasma to transfer the state of the shift
register down the array of 512 HCDTs. This plasma coupling transfer principle
has a very slim operating margin; therefore, the Hamamatsu Driver/Amplifier
circuit is utilized to generate the proper phasing signals. Reference 5 provides a
more detailed description of the operating principles employed in the plasma-
coupled device linear image sensor. The driver/amplifier circuit is described in
more detail in a following section.
3. Output Section

This section applies the address pulses generated by the shift register to
each photodiode in succession. This allows the charge on each photodiode to be
read out in series. A bank of 512 bipolar pnp switching transistors is used for
this purpose. When the negative address pulse is applied to the base of a
particular switching transistor, the transistor turns on and couples the charge
stored on its associated photodiode to the common output line. Reference 5

refers to this common output line as the video signal line.

C. HAMAMATSU DRIVER/AMPLIFIER CIRCUIT

The C2325 series low-noise driver/amplifier circuit was developed by
Hamamatsu specifically for use with the PCD linear image sensors. The circuit
generates the start pulse for beginning the scan of the detector. It generates the
proper three-phase clock to drive the PCD and it contains the charge amplifier
used to process the video signal in the integration mode. The driver/amplifier
board consists of three basic parts. The controller section generates all necessary

control signals. The driver section scans the PCD image sensor. The amplifier
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section processes the video data signal [Ref. 5]. Technical data for the
driver/amplifier circuit is given in Appendix B. The circuit diagram is in Figure
4 of Appendix B.

1. Controller Section

The controller section receives two input signals from the MUSTANG
interface circuit. One is a system clock which is the same as the Bit Clock
received from the PCM encoder. The other is the positive Start signal which
indicates the time for the start of a new scan of the image sensor. The controller
passes these two signals to the driver section, and generates two output signals of
its own. One output is the Trigger signal which indicates when the Video Data
signal for each photodiode is valid. The Trigger signal is high for one period of
the input Bit Clock indicating that the analog voltage is valid. It is low for the
next three periods of the Bit Clock while the next photodiode is read out. A
summary of the signals that are either used by, or supplied from the
driver/amplifier circuit is given is Figure 2-4. An End of Scan, BEOS, signal is
also generated by the controller, and it indicates that the last photodiode in the
array has been read. This signal is not used in the MUSTANG application.

The frequency of the Bit Clock determines the rate at which the
photodiodes are read out. A new one is read out every four periods of the bit
clock. The frequency of the Start signal determines how long charge is allowed
to accumulate in the photodiodes. After each photodiode is read out, the video
signal is reset to ground. The photodiode begins to accumulate charge again
until it is scanned in the next cycle. The time between reading the photodiode in
one data frame to reading the same photodiode in the next frame is the same as

the Start signal period [Ref. 5:p. 5].
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2. Driver Section

The driver section receives the Bit Clock and positive Start pulse from
the controller. It generates the proper three-phase clock. It also generates a
negative Start pulse which is properly synchronized to the three-phase clock in
order to begin the scan. The amplitude and the phase relationship of each phase
of the three-phase clock are vital to the proper operation of the PCD shift
register. These parameters must fall within a specific operating margin in order
for the HCDT array to be able to pass the active state from one to the next
adjacent HCDT. The Hamamatsu driver/amplifier board is matched to the
appropriate PCD linear image sensor, so the user need not worry about
generation of the proper clock phases and start sequence [Ref. 5:p. 2].

3. Amplifier Section

The amplifier section processes the video signal produced by the PCD
image sensor integrated circuit. The processed video signal is referred to as the
Video Data signal. Two methods are available to process the raw charge signal
read out of the photodiode. The current-detection method uses a resistive load,
but is nonlinear and suffers from a time skew problem; therefore, it is not used.
The current-integration method uses a charge amplifier, and is utilized in the
driver/amplifier circuit. The total current from the photodiode is fed to an
operational amplifier in an integrator configuration. This integrated current
signal has excellent linearity, even for very low-level outputs.

Most of the photodiode charge is read out in the first several hundred
nanoseconds, so the Video Data signal has a rectangular shape with a rounded
rising edge. This produces an analog signal that is stable for most of the 20us

period. The Trigger output signal is enabled when the Video Data signal is at its
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most stable point. The Trigger signal is used by the interface circuit to start
analog-to-digital conversion as described in Chapter IV. The amplifier section
applies a reset pulse to the Video Data signal to discharge it to ground following
the falling edge of the trigger signal. This allows the next photodiode to be read
out accurately. It also fully discharges the current photodiode so that it may

again begin accumulating charge for the next readout cycle [Ref. 5:p. 5].

D. PCM ENCODER COMPONENTS

The Aydin Vector MMP-600 Series Pulse Code Modulation (PCM) encoder
performs two basic functions. It provides all necessary clock synchronization
signals to the experiments, and it collects any analog or digital data to be
transmitted to the ground station during the sounding rocket flight. The PCM
encoder for a particular sounding rocket mission is formed from a library of
separate standard modules. The library is maintained at NASA Wallops Flight
Facility in Wallops Island, Virginia. The modules are bolted together into what
is known as the PCM stack. Only the PCM encoder modules which are pertinent
to experiment data collection from the MUSTANG payload will be discussed in
the following sections. For a full explanation of all available PCM modules, see
Reference 6.

1. PX-628 Power Supply

The PX-628 Power Supply module is placed at one end of the stack. It

serves two purposes. This module accepts +28V power from the rocket
electrical distribution system and converts it to all DC voltages necessary to
power the different modules in the stack. It also provides the master system Bit
Clock to the modules in the stack. The Bit Clock frequency is programmable via
several input pins on this module. Available bit rates are 800, 400, 200, 100, 50,
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25, 12.5 and 6.25 kilobits per second (kbps). The 200kbps bit rate is used on this
sounding rocket flight.
2. PR-614 Processor

The PR-614 Processor module contains the control circuitry for the
entire PCM stack. The module executes the software program stored in the
erasable programmable read-only memory (EPROM) in the end plate module. It
controls the synchronization, timing and operation of the entire sounding rocket
system.

3. TM-615P Timer

The TM-615P Timer module performs two major functions. The first
function is to produce the Word Clock and Frame Clock from the system Bit
Clock. Eight, nine or ten-bit words are programmable in the timer module.
Ten-bit data words are used for this sounding rocket flight. The Word Clock
signal provides a pulse every ten cycles of the Bit Clock. The structure of the
data frame is also controlled by the EPROM software program. The Frame
Clock provides a single positive pulse at the beginning of each new frame of
data. All of the clock synchronization signals produced by the timer module are
shown in Figure 2-5.

The second function of the timer module is to serialize the ten-bit digital
data words prior to sending them to the transmitter. Digital data can enter the
timer module from two sources. Data can come from an analog-to-digital
converter module in the PCM stack. Data can also come from the digital
multiplexer module discussed in the following section. The data words are
serialized by use of the Word Clock and Bit Clock. The bit stream is then

converted to a format compatible with the modulator and transmitter. Return-
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to-zero, nonreturn-to-zero and bipolar data types are programmable in the timer
module. The properly formatted data bit stream is then sent to the sounding
rocket modulator and transmitted via an RF downlink to the ground station.

Binary digital data is transmitted to the ground station in structured
frames. Each frame is separated in the PCM encoder by use of the Frame Clock.
A frame of data corresponds to 1024 ten-bit words. 512 words in the frame are
for the MUSTANG experimental data. The remaining 512 words are
synchronizing words and Housekeeping data from various rocket systems.
Format of the PCM communication frame is shown in Figure 2-6. The first 14
data words in the frame correspond to Housekeeping data. The next 16 words
are the first 16 pixels in the MUSTANG spectrum. This cycle continues to the
end of the frame as indicated in Figure 2-6. Several of the Housekeeping words
in the PCM communication matrix are of particular concern to the MUSTANG
instrument. They indicate when normal and high voltage power are applied to
the instrument, and whether low or high gain is selected. These data words can
be stripped out of the PCM matrix and monitored during rocket flight to
determine the status of the MUSTANG instrument. The Housekeeping words of
interest to the MUSTANG are indicated in Figure 2-6.

4. PD-629 30-Input Parallel Digital Data Multiplexer

The PD-629 digital multiplexer collects digital data from the
MUSTANG payload in the form of parallel ten-bit words. It sends an Enable
signal to the MUSTANG at the appropriate time in the PCM communication
frame shown in Figure 2-6. The Enable signal tells the MUSTANG that the
PCM encoder is ready to accept its data. The relationship of the Enable signal to

the synchronizing clock signals is shown in Figure 2-5. The Enable signal is
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high for 16 cycles of the Word Clock to collect 16 data words from MUSTANG,
and then it goes low for 16 cycles to collect data from elsewhere in the rocket.
The discrepancy with the falling edge of this Enable signal is discussed in detail
in Chapter III. The method in which this module collects the data from
MUSTANG is fully discussed in Chapter 1V.
S. EP-612 End Plate

The EP-612 End Plate module attaches to the PCM stack at the end
opposite to the power supply module. It contains the 256 by 8-bit EPROM
which has been loaded with the software program to control the PCM encoder
for the particular mission. A new EPROM is programmed for each specific

sounding rocket flight.

E. ROCKET POWER DISTRIBUTION

Power is supplied to the Experiment section of the rocket from a +28V
battery located in the T/M section. The rocket switches to internal battery power
approximately 30 seconds prior to lift off. The battery is capable of supplying
the necessary power for the rocket payloads for the entire flight duration. The
rocket supplies two separate +28V power lines to the MUSTANG instrument. A
timer in the T/M section controls when these power lines become energized.
One +28V line supplies normal power to the MUSTANG instrument, and the
other line supplies power to the high voltage circuitry. Each +28V supply is
converted to +15V, -15V and +5V with two DC-to-DC converters located in the
HYV section of the rocket (see Figure 2-2).

The £15V and +5V are distributed to the proper portions of the MUSTANG

payload through a relay board which is also located in the HV section of the
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rocket. T/M timers are programmed so that instrument power is applied 85

seconds and high voltage power 96 seconds after the rocket launch.
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III. PROBLEMS FROM PREVIOUS TEST FLIGHT

MUSTANG was launched on a sounding rocket from White Sands Missile
Range in March 1990, on NASA flight number 36.053DE. The measurements of
ultraviolet emissions in the earth’s ionosphere recovered by the MUSTANG
instrument as a result of this flight are the best data that the scientific community
has seen to date in the 1800-3400A wavelength region. Despite the success of the
mission, there were some problems with data dropouts. Several Naval
Postgraduate School theses have analyzed these data. The cause of the data loss
was believed to be in the design of the electronic interface circuit. This belief
was confirmed as a result of tests conducted on the electronic interface. These
test results are reported in Chapter VI. The primary goal of this thesis is to
redesign the electronic interface circuit so that it will provide the most reliable
data possible from the 1800-3400A wavelength region of the ultraviolet
spectrum. To design a better interface, a full understanding of the problems and

limitations of the existing electronic interface was necessary.

A. LEAST SIGNIFICANT BIT OF THE DATA WAS NOT USED
The least significant bit (LSB) of data was not used in the last flight, although
it was digitized by the Analog-to-Digital (A/D) converter. Figure 3-3 of
Reference 4 shows that the LSB had been grounded in the interface circuit. This
was primarily due to the circuit components which had to be acquired in a
relatively short time, prior to the rocket flight. A 12-bit A/D converter was the
most readily available device that could perform the data conversion in the

required amount of time. A single nine-bit First-in-First-out (FIFQ) memory
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chip was used for memory storage. The Aydin Vector MMP-600 PCM Encoder
was configured to accept ten-bit words from the MUSTANG payload. This
meant that the last two bits of the digital word produced by the A/D converter
had to be truncated. The availability of only a single nine-bit FIFO memory
device meant that an additional bit had to be truncated. As a result, the tenth bit
was discarded, and is zero in the data words recovered from the last MUSTANG
flight.

This was not necessarily a problem with the original interface circuit, but
rather an unnecessary hardware-imposed limitation. It was a limitation in the
resolution of the data caused by the electronic interface circuit, and not required
by the PCM encoder provided by NASA. Since the standard FIFO memory chip
size is nine bits or less, this limitation was corrected in the revised interface
circuit by adding an additional FIFO chip in parallel. Another option considered
was to replace the FIFO with a wider version that could handle ten bits. The
next size larger than nine bits is an 18-bit FIFO which is currently under

development, but not yet commercially available.

B. EVERY 17TH DATA WORD IN THE SPECTRUM WAS LOST
Analysis of the data from the last MUSTANG flight revealed that an
apparent wavelength shift was present in the spectral components. The shift was
more pronounced at the higher wavelength end of the spectrum than at the lower
end. By comparing some known atmospheric emissions to the data, it was
suspected that every 17th data word in the frame of 512 data words was skipped
somehow. Inspection of the enable signal provided by the PD-629 30-input Bi-
Level Multiplexer showed that it did not go low with the rising edge of the Word
Clock for the 17th word of the subframe as expected. The PCM Encoder
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Handbook is not specific on timing characteristics of the falling edge of the

enable signal as shown in Figure 3-1.
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Sps
_l— | Word Clock
—> c<—v— approx. 250 ns
_'i PD-629
1 Enable
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mtame Data Required Here Input Data
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Figure 3-1 PD-629 Timing Diagram [After Ref. 6:p. 43]

The reason that every 17th word was discarded has to do with the way that
the read enable pulse to the FIFO memory chip was formed. The Word Clock
and Enable signals of Fig. 3-1 were supplied to the inputs of a nand gate and the
output was used as the read enable pulse for the FIFO. Since the Enable signal
was found to overlap the 17th word pulse as shown in Figure 2-1, a spurious
read enable pulse was sent to the FIFO. This caused a word to be read out of
memory when the PCM Encoder was not looking for a data word from the
MUSTANG payload; therefore, the word was lost. This was clearly a design
flaw of the original electronic interface circuit which could not have been
discovered until after the launch.

Reference 6 does give some warning that the Enable signal provided by the
PD-629 module is not a clean signal. It warns that decoding spikes may be

present on the Enable lines, and gives a suggested circuit to create a gated enable
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signal. This gated enable signal in conjunction with the Word Clock should then
be used to trigger the interface circuitry. This guidance was not followed in the
original interface circuit, but was adhered to in the present circuit.

The main reason that this problem was not identified prior to launch has to
do with the artificial testing environment set up in the laboratory. The Ground
Support Equipment (GSE) used to test the MUSTANG in the lab will be
described in detail in Chapter V. In short, the GSE provides all of the clocking
signals which are normally provided by the Aydin Vector MMP-600 PCM
Encoder on the rocket. These signals are perfectly synchronous, and the overlap
in the Enable signal is not present in the GSE. Consequently, when the interface
circuit was tested in the lab, it functioned normally with no lost data words. It
was not until the circuit operated on the rocket with the imperfect Enable signal,
that the data loss problem became apparent.

This problem was prevented in the revised electronic interface circuit by
adhering to the guidance for constructing a gated enable signal in Reference 6
[Ref. 6:pp. 43-44]. In addition, we conducted a special test of the prototype
interface circuit with the actual PCM Encoder hardware on the rocket prior to
construction of the flight qualified circuit. This test is described in detail in
Chapter VII.

C. ADDITIONAL THREE DATA WORDS LOST IN THE

SPECTRUM

Further analysis of the data from the first MUSTANG flight revealed that
the loss of every 17th data word in the spectrum did not fully account for the
apparent wavelength shift observed in the spectrum [Ref. 3:p. 72]. The location

of some spectral features suggested that an additional three data words had been
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lost. In Reference 3, LT Carl Anderson predicted that one of the additional lost
data words occurred adjacent to one of the every-17th-words that was dropped
out. This meant that two adjacent data words in the spectrum were lost. This
prediction was based on a comparison between the observed and theoretical line
profile for a known oxygen emission at 2972A.

At the end of every frame of 512 data words in the MUSTANG flight data,
were 32 data words that were zero, indicating that 32 words had been lost. This
also supports the theory that an additional three data words were lost somewhere
in the spectrum. The exact cause of this additional data loss has not been
determined. The only plausible explanation for the loss is that spurious read
enable pulses were created which caused the FIFO to skip three more words.
This could be due to the noise spikes on the Enable line mentioned in Reference
6. If a noise spike occurred at the same time that the Word Clock was high, a
spurious read enable pulse would be sent to the FIFO. If this pulse were of
sufficient duration, 120ns, an additional data word would be lost.

The solution to the whole data loss problem hinged on creating a clean,
synchronous Enable signal to use for data transfer. Using a gated enable signal
as described in Reference 6 corrected the problem of the additional three data
words being lost. This does not explain exactly how they were lost on the first
MUSTANG flight, but it does correct the problem. The test described in

Chapter VI verified this solution.

D. FIFO READ TIMING SPECIFICATIONS WERE VIOLATED
One of the fundamental design concepts in electronic circuit design is worst-
case timing analysis. Propagation delay and setup-and-hold time specifications

are given for all integrated circuits in their associated databooks. In analyzing
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the proper circuit operation, one must consider the worst-case values of these
timing parameters in order to ensure the circuit will function as designed in all
cases. Modern integrated circuits are very reliable and typically operate much
better than their worst case specifications, but this should never be relied upon in
circuit design.

The portion the the original interface circuit which read data out of the FIFO
memory and latched :he data did not stand up to worst-case timing analysis. Data
read out of the FIFO only stays valid for a minimum of Sns after the read enable
pulse returns high. The original interface circuit used the same pulse for the
read enable and the latch signal to the octal latches. The latch signal was derived
by passing the read enable pulse through a nand gate so that the inverted pulse
could be used. This also imposes a delay on the latch pulse which is delayed a
maximum of 15ns from the read pulse. The high speed CMOS latches also had a
data hold time requirement of a minimum of 12ns. This means that data must be
valid at the input to the latch for at least 12ns after the latch pulse goes low.
These timing parameters are demonstrated in Figure 3-2. In the worst-case
conditions the data may have already become invalid even before the latch pulse
went low. Under these conditions this would have resulted in the octal latches
latching invalid data. The fact that the circuit appeared to function correctly in
this application is a tribute to modern integrated circuits, and shows that they
functioned much better than their worst-case performance. This kind of circuit
design is best avoided. The issue of timing analysis was treated very
meticulously in the design of the revised interface circuit, and is related in

Chapter IV,
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Figure 3-2 Worst-Case Read Timing Analysis

E. FIXED INSTRUMENT GAIN FOR ENTIRE FLIGHT

Because it operates between the altitudes of approximately 100 to 320km, the
MUSTANG instrument sees a variation of three orders of magnitude in intensity.
Selection of the instrument gain was a tradeoff between not saturating the
detector at high intensities, and ensuring that useful data was still obtained at low
intensities. The gain is set by the level of a control voltage applied to the high
voltage power supply. The gain of the instrument is an exponential function of
that control voltage. Consequently, the gain selection is a very important issue in
the preparation of the MUSTANG instrument for flight.

The ability to change the instrument gain while it is in flight is a very
desirable feature. This would allow data acquisition at low gain when the
ultraviolet intensity is high and high gain when the intensity is low. This would
provide a greater dynamic range in the actual data gathered from a single rocket
launch. Since the instrument gain is an exponential function of the control

voltage, the voltage would not have to change much to have a large effect on the
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gain. This implies that a simple circuit modification is all that is necessary, along
with associated control signals, in order to make the instrument gain adjustable
during flight.

The short time constraints and difficulty with the original electronic
interface circuit prevented this feature from being added on the first MUSTANG
flight. Redesigning the interface, and ample lead time allowed its inclusion in the
revised interface circuit. The gain selection portion of the interface is discussed

in detail in Chapter IV.

F. FLIGHT QUALIFIED PARTS NOT UTILIZED

An important consideration in any electronic circuit construction for a space
or military application is that it utilize high reliability components. The military
specification for high reliability integrated circuits is MILSTD 883 Class B. The
integrated circuits which conform to this standard have been individually,
rigorously tested to ensure reliabie performance across a wide temperature
range. It is highly desirable to use such components on a sounding rocket
mission where much time, effort and money has gone into planning and
execution of the flight. The time during which data is actually recorded in the
flight is approximately eight minutes, so it is essential that the equipment be
functioning properly or all data will be lost. Separate military specifications
exist for radiation hard components, but that is not a concern in this application.
The sounding rocket fiight is relatively short, and the rocket only reaches a
maximum altitude of approximately 320km where radiation exposure is not a
great concern for a short time interval.

All MTLSTD integrated circuits come with documents which attest to their

conformance to the specifications, and provide a traceability record for the
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individual component. Although these components cost a great deal more than
their commercial grade counterparts, it is money well spent in this application.
Another factor to consider, is that MILSTD components can be harder to find,
and typically have a longer lead time when ordering from a manufacturer or
distributor. The short development time of the original MUSTANG interface
circuit was the primary reason that MILSTD components could not be procured
in time for launch. Enough time existed in the development of the revised
interface circuit so that it will be flown with all MILSTD 883 Class B integrated
circuits.

Another important circuit component which has a military specification is
the D-Subminiature connector (D-Sub). High reliability D-sub connectors are
made to conform to MILSTD 24308, and are available in several types. These
are essential in the construction of flight qualified circuits. A connector can be
the weakest link in an otherwise well-designed electronic circuit. Bad connectors
are often times the hardest problem to diagnose in circuit troubleshooting.
MILSTD D-sub connectors were used on the original interface circuit and will
continue to be used in the revised circuit.

The problems and considerations presented in this chapter document the
goals which had to be kept in mind in redesigning the electronic interface circuit.

The design of the revised interface is the subject of the next chapter.
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IV. ELECTRONIC INTERFACE CIRCUIT DESIGN

The purpose of this chapter is to describe in detail the method in which the
MUSTANG electronic interface circuit was redesigned to provide more reliable
data acquisition. Because of the problems with the original interface circuit
outlined in the previous chapter, it was prudent to begin design from the basic
elements of the flight configuration hardware. The MUSTANG instrument
itself, as described in Chapter II, provides a series of analog voltages
proportional to the intensity of various wavelengths in the ultraviolet spectrum.
A clock signal and a starting synchronization pulse must be provided to the
instrument. A new analog voltage is produced every 20us and it is valid for only
Sus. The Aydin Vector MMP-600 PCM Encoder hardware in the rocket
telemetry section provides the clock signals shown in Figure 2-5. It can be
programmed to accept data from the MUSTANG payload that is analog or digital
in the form of eight to ten-bit words. A new data word is accepted from the
instrument every 50us for 16 data words in a row. A period of time lapses
where 16 data words are accepted from elsewhere in the rocket, and then 16
more words are accepted from the MUSTANG instrument . This cycle continues
32 times for a total of 1024 data words acquired by the telemetry section (512
MUSTANG words plus 512 Housekeeping words). A synchronizing frame pulse
is then sent and the cycle repeats.

This asynchronous nature of data transfer from the MUSTANG payload to
the rocket telemetry section presents a considerable design challenge. The

electronic interface circuit must reliably transfer data from the MUSTANG to
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the rocket telemetry while adhering to the above listed specifications. The best

way to perform this data transfer is described in the following sections.

A. SELECTION OF DATA ACQUISITION METHOD
Several alternatives were available for transferring the analog voltage
produced by the MUSTANG instrument to the PCM encoder in the rocket
telemetry section. One is to directly transfer the analog voltage signal to the
PCM encoder. A second alternative is to sample and hold the analog signal at the
interface circuit in order to perform an analog-to-digital (A/D) conversion. The
digital word would then be transferred to the PCM encoder. The final
alternative is to just perform a direct A/D conversion in the interface circuit, and
transfer the digital word. The first two alternatives were ruled out for the
reasons described below.
1. Direct Transfer of the Analog Voltage Signal
Since the PCM encoder can be programmed to accept analog data as an
input, it is possible to transfer the analog signal directly. The PCM encoder then
performs its own A/D conversion to form the digital words that are telemetered
to the ground station. There are two separate reasons that make this method
impractical. The physical distance that the analog signal must travel from the
MUSTANG payload to the rocket telemetry section is on the order of five feet.
This long signal path would introduce an unacceptable amount of noise and
attenuation on the analog signal, resulting in unreliable data. Figure 2-1
illustrates the physical location of these components. Additionally, this method
of data acquisition is physically impossible since the MUSTANG produces analog
voltage signals at a constant rate and the PCM encoder acquires data in an

asynchronous manner.
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2. Sample and Hold for Analog-to-Digital Conversion

The analog signal from the MUSTANG could be fed to a sample and
hold circuit in the electronic interface during the Sus when the analog voltage is
valid. In the remaining 15us before the next analog voltage becomes valid, the
signal could be digitized with an A/D converter. The digital data word could
then be transferred to the PCM encoder much more reliably than an analog
signal. Digital data is easily stored, so a memory device solves the asynchronous
data transfer problem. The problem with this method is that the sample and hold
circuit imposes an unnecessary level of complexity on the interface. The
reliability of the interface circuit is the most important design factor, and the
next alternative provides a more reliable method of data transfer.

3. Direct Analog-to-Digital Conversion

Direct A/D conversion of the analog signal at the interface circuit is the
simplest method of transferring the data from the MUSTANG to the PCM
encoder. This allows for digital data transfer from the instrument to telemetry
which is preferred. A single component performs the conversion directly which
contributes to high reliability. The only problem with this method is that the
A/D conversion must occur very rapidly, as the analog signal is only valid for
Sus. This requires a relatively complex and expensive A/D converter. Even
considering the cost, this is a more desirable alternative than the less reliable

approach of using a sample and hold circuit.

B. DIGITIZING OF THE ANALOG SIGNAL
An Ultrafast Hybrid A/D converter was selected to perform the direct A/D
conversion described in the above section. Technical data for the Analog

Devices HAS-1202A A/D converter is located in Appendix D. This same

33




integrated circuit was flown on the last MUSTANG flight and provided very
reliable operation. It can perform a 12-bit conversion in a maximum of 1.56ps
based on the minimum pulse width of the Encode command. The largest data
word that the PCM encoder can accept is ten bits, so the last two bits from the
A/D converter will be truncated. Several ten-bit A/D converters are available,
but they do not meet the stringent conversion time requirements. The Analog
Devices A/D converter is not available in a MILSTD 883 Class B screened
version; however, a component which has been screened to all military
temperature requirements and most MILSTD 883 requirements, is available and
was procured for this mission.
1. Control Signals

Only one input control signal is required by the A/D converter, and it
provides one control signal as an output. A positive Encode command pulse of
minimum duration 50ns starts the A/D conversion process. Data conversion
begins 60ns after the rising edge of the Encode command, and is signified by the
rising edge of the Data Ready signal. If the Encode command pulse is longer
than the required minimum, then data conversion takes a maximum of 1.46us
from the falling edge of the Encode command signal. If the Encode command is
the minimum pulse width then data conversion is complete a maximum of 1.56ps
after the rising edge of the Encode pulse. Completion of the data conversion is
indicated by the falling edge of the Data Ready signal. See Figure 1 in Appendix
D for a timing diagram of these signals.

As described in Chapter II the Trigger signal from the Hamamatsu
Driver Amplifier circuit goes high when the output analog voltage from the

MUSTANG instrument is stable. This rising edge is used to start the data
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conversion process in the A/D converter. The Trigger signal cannot be used
directly since it remains high for the entire Sus that the analog voltage is stable.
A positive Encode signal pulse is created with a monostable multivibrator which
is triggered by the rising edge of the Trigger signal. Technical data for the
54L.S221, monostable multivibrator, is listed in Appendix 1. The pulse width of
the positive pulse produced by the monostable is programmable by selecting an
external resistor and capacitor. The equation for the pulse width is shown in
Equation 4-1.
tw = Rext Cext In(2) (4-1)
Good, quality components must be selected for the external resistor and
capacitor since the duration of the produced pulse is critical to circuit operation.
Metal film resistors with a 1% tolerance were selected for use with the
monostable multivibrators in the interface circuit. Poly film capacitors with a
5% tolerance were also selected. Component values were selected to give an
Encode signal pulse width of 525ns. This caused the data conversion to complete
within a maximum of 1.985us from the rising edge of Encode. This is fast
enough to ensure the data conversion is complete prior to the noisy portion of
the analog signal which happens at the Bit Clock transition, 2.5us after the rising
edge of Encode [Ref. 4:p. 74].
2. Gain Selection for Input Analog Voltage Range
The Analog Devices A/D converter allows analog input voltages in the
range of zero to 10.496 volts. If the input voltage is expected to be less than the
maximum allowed by the A/D converter, then the input voltage can be scaled by

proper selection of an external resistor. The external scaling circuit is shown in
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Figure 2 of Appendix D. The value of the external resistor, R2, is calculated

from Equation 4-2, given the full scale input voltage.

(VI'S X 97‘6’(«} ! 65 ]
1025 - (Vs X 97.66))]

The maximum analog voltage expected to be supplied by the MUSTANG

R2 =860 (4-2)

instrument is 8.24V. This corresponds to a resistor value of 2500Q2 for R2

which was used in the electronic interface.

C. MEMORY STORAGE REQUIREMENT

Once a data word is produced by the A/D converter, it must be temporarily
stored in the interface circuit until the PCM encoder is ready to accept it. This is
due to the asynchronous nature in which the PCM encoder acquires data from the
MUSTANG payload. The Hamamatsu PCD Linear Image Sensor and Driver
Amplifier circuit provide a new analog voltage signal corresponding to a
particular ultraviolet wavelength every 20us. This occurs synchronously until
the entire linear image sensor array of 512 photodiodes is read out. The data is
produced in a total of 512 x 20us = 10.24ms. The PCM encoder acquires 16
data words at intervals of 50us followed by 800us with no data accepted from
the MUSTANG payload. The entire array of 512 data words from the
MUSTANG payload is acquired in a total of 512 x 50us + 32 x 800us = 51.2ms.
See Figure 2-6 for construction of the PCM communication matrix.

The two differing data rates clearly indicate the need for some type of
temporary data storage in the interface circuit. The memory device must
support an asynchronous read and write capability since both operations must be
allowed to proceed at their own rates. The memory device must be capable of

storing ten-bit words. 512 data words are produced for each complete readout
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of the linear image sensor, so no more than 512 ten-bit words would need to be
stored at any given time. The maximum data storage capacity works out to 384
data words after the image sensor is completely read out in 10.24ms. Two data
storage alternatives are possible. A static random access memory (RAM) or a
FIFO memory device would be suitable for this application.
1. Static RAM Storage Device

Very fast access static RAM devices are available for use in this
application. Configuring existing static RAM integrated circuits to store a
maximum of 384 ten-bit words would not be difficult. The difficult aspect of
this alternative would be in the extra supporting hardware required to address
the RAM. Some external counters or registers would be required to keep track
of data addresses within the RAM. This would add complexity, as well as cost
and circuit board area to the interface circuit design. For these reasons, a RAM
storage device was ruled out.

2. FIFO Memory Storage Device

The FIFO memory device is the simplest and most compact alternative
for temporary data storage in the interface circuit. All addressing logic is
internal to the device, and it can handle asynchronous reads and writes by simply
applying the appropriate control signals. The only difficulty with this alternative
is that the largest FIFO’s available are only nine bits wide. Several 18-bit FIFO’s
are under development, but are not yet commercially available. To
accommodate the ten-bit words in this application, two FIFO devices would have
to be connected in parallel. FIFO devices that store 4 and 5-bit words are
currently available; however, they do not store as many data words as the larger

ones. The simplest alternative was to connect two identical nine-bit FIFO’s in
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parallel which resulted in eight of the 18 bits not being utilized. Although this
may seem wasteful at first glance, it consumed less circuit board area and power
than other FIFO configurations using ten-bit data words. The 'deal solution
would be to use an 18-bit FIFO when it becomes available so that memory
storage can be accommodated with a single integrated circuit.

The device selected for use in the interface circuit is the same single
FIFO that was utilized in the original interface circuit, the IDT 7201 CMOS
Parallel First-In-First-Out FIFO manufactured by Integrated Device Technology,
Inc. Technical data on the IDT 7201 is included in Appendix F. The device has
the capacity to store 512 nine-bit data words. Parallel connection of the two
devices to accommodate ten-bit words was performed by simply connecting
several of the control signals together. Figure 13 of Appendix F shows two
devices connected in the width-expansion mode. Common Reset, Read and Write
command signals are connected to both devices, allowing them to function as one
unit. The Expansion In, XI, input is grounded since the depth expansion
capability is not necessary. The First Load/Retransmit, FL/RT, input is tied to
+5V since there is no provision for retransmission of data in the PCM encoder
circuitry. The Full Flag, Half-Full Flag and Empty Flags are not used in this
application. Further discussion of the command signals is included in the

following sections.

D. FRAME SYNCHRONIZATION OF DATA ACQUISITION

The 512 MUSTANG data words in the communication matrix correspond
one-to-one with the 512 photodiodes in the linear image sensor. A method had
to be devised to ensure that the first MUSTANG data word in the frame

corresponded to the first photodiode read out in the linear image sensor array
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for each successive data frame. This meant that both the image sensor and the
FIFO memory must be reset at the start of each communication frame. This was
simple to do, since a Frame Clock pulse is provided by the PCM encoder at the
start of each successive frame of data. The pulse is 50us long, which is the
period of the Word Clock (see Figure 2-5).

The Hamamatsu driver amplifier circuit requires a positive Start pulse of
500ns minimum duration to initiate its scan of the linear image sensor. That is
the only requirement to initiate a new scan on the image sensor. The FIFO
memory device requires a negative Reset pulse of 120ns minimum duration to
reset the read and write pointers within the device. The timing diagram for the
FIFO reset is given as Figure 2 of Appendix F. This timing diagram requires
that the Read and Write command signals remain high for a minimum of 120ns
prior to the Reset signal returning high. The first write to the FIFO cannot
occur for a minimum of 20ns after the rising edge of the Reset signal.

The above restrictions are easily met if the Reset and Start signals are the
inverse of each other. They did not need to be as long in duration as the Frame
Clock pulse, so another monostable multivibrator was used to generate the pulses
triggered from the rising edge of the Frame Clock pulse. Circuit elements were
selected to create a pulse of 6.5us duration from Equation 4-1. The monostable,
of Appendix I provides complemented outputs so both Reset and Start signals
were created from a single monostable. The only timing difference in these
signals results from the differing propagation delays of the monostable on a low-
to-high transition when compared to a high-to-low transition. This is illustrated

in Figure 4-1.
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Figure 4-1 Frame Synchronization Signals
A read operation is guaranteed not to occur within the restricted time
interval of reset, since the PCM encoder does not assert the Enable signal for the
first 14 words of the PCM communication matrix. A write operation is
guaranteed not to occur within the restricted time interval of reset, since the first
Trigger pulse is not asserted until 9.8us after the falling edge of the Start pulse.
This is shown in Figure 3 of Appendix B. The Read and Write command signals

are discussed in the following sections.

E. FIFO WRITE CYCLE TIMING REQUIREMENTS

The relationship of all necessary timing signals for the data write cycle is
shown in Figure 4-2. A given analog voltage signal from the MUSTANG
instrument is stable for Spus while the Trigger signal is high. The signal is
digitized by the A/D converter in the first 1.985us. This leaves approximately
3us to get the data word written into the FIFO memory before the signal
becomes invalid. The falling edge of the Data Ready signal from the A/D

converter signifies that conversion is complete and the digital data word is valid.




stiy

1 1

XBUW SUGY 3 et

KRR XX KRR KRR KR RRARRRRRX YRR

] in

xew STig86' |

y I
SusTs Xew sugg |Y An

[
s1ig ”
KRRRRRRRRX X XRRRRRRKXXXRRRRR XX

poua stig

ALIM

eleq [ensig

Apeay ereq

apoouq

1983u],

eie( 3oreuy

F01D Ny

iagram

D

iming

Figure 4-2 Write Cycle T

41




The data word stays valid until the next Encode pulse goes high. The write cycle
timing requirements for the FIFO are given in Figure 3 of Appendix F. The
minimum Write signal pulse length is 120ns. Digital data to be written into the
FIFO must be setup for a minimum of 40ns before, and held for a minimum of
10ns after the rising edge of the Write pulse.

A Write command pulse length of 1us was a good compromise which met all
of the above requirements. The Write signal was generated with a third
monostable multivibrator utilizing Equation 4-1 to compute external circuit

component values.

F. FIFO READ CYCLE TIMING REQUIREMENTS

The read cycle timing design is the most critical portion of the interface
circuit design. This portion of the circuit was the source of the data loss
problems experienced on the original MUSTANG flight. Figure 4-3 is a
comprehensive summary of all of the control signals which play a part in the
read cycle timing. The read cycle timing requirements for the FIFO are given in
Figure 3 of Appendix F. The minimum duration Read signal pulse is 120ns.
Data becomes valid out of the FIFO a maximum of 120ns after the falling edge
of the Read signal. Data out of the FIFO remains valid for a minimum of 5ns
after the rising edge of the Read signal. Data is to be read out of the FIFO only
when the PCM encoder is ready to receive a new data word from the
MUSTANG payload. As shown in Figure 3-1, the PCM encoder asserts its
enable signal, and then latches digital data from the MUSTANG a minimum of
Sus after the falling edge of the Word Clock. All control signals generated in
the interface circuit hinge around setting up stable data out of the FIFO to

support this timing requirement.
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1. Creating a Clean Enable Signal

The Enable signal from the PDP-629 module is designed to signal the
payload when the PCM encoder is ready to receive data from the instrument.
The problem experienced in the last flight was that the Enable signal did not go
low prior to the rising edge of the 17th Word Clock pulse. This is depicted in
Figure 4-3 as an unknown overlap in the two signals. Since the Read signal in
the original interface circuit was formed by simply nanding the Word Clock with
the PDP-629 Enable signal, a spurious Read pulse was generated which read out
and lost an additional word in each coinmunication subframe.

Based on recommendations in Reference 6, a gated Enable signal was
formed from the PDP-629 Enable signal. The purpose for this was twofold.
The gated Enable signal would be synchronous in relation to the Word Clock and
it would be free from noise spikes. The recommended circuit of Figure 22 in
Reference 6 was utilized. The Word Clock was provided to both inputs of a
positive nand gate which produced an inverted Word Clock at the output, delayed
by a maximum of 15ns. The inverted Word Clock was used as the clock input to
a positive-edge-triggered D-type flip-flop. Technical data for the flip-flop and
nand gate is included in Appendix J and Appendix K, respectively. The data
input to the flip-flop was the PDP-629 Enable signal. This meant that the Enable
signal was latched into the flip-flop on the falling edge of the actual Word Clock.
Note that the Enable signal is low before the falling edge of the Word Clock for
the 17th word. This created the synchronous gated Enable signal shown in

Figure 4-3.




2. Creating a Reliable Read Signal

Now that a reliable Enable signal has been formed, a Read signal must
be created to get the data out of the FIFO in time for the PCM encoder to read it.
The Word Clock can no longer simply be nanded with the gated Enable signal
since the first data word would be missed. The gated Enable signal, in essence,
follows the Word Clock. A new Read pulse had to be generated, and this was
done with a monostable multivibrator. The positive Read signal shown in Figure
4-3 was generated by triggering a monostable with the rising edge of the
inverted Word Clock. The pulse duration was selected to be 2.81is by choosing
circuit components to satisfy Equation 4-1. This pulse length would ensure that
data would be valid out of the FIFO in time for the PCM encoder to read it. The
FIFO requires an active-low Read signal so the generated Read pulses were
nanded with the gated Enable signal. The Read-to-FIFO signal of Figure 4-3
represents the output of the nand gate.

The active-low Read signal produces a pulse which follows the Word
Clock with a maximum of 15 + 55 + 15 = 85ns delay. A careful analysis of this
signal after the 17th word is necessary. The flip-flop only requires a setup time
of 20ns, and the PDP-629 Enable signal is sure to be low within 20ns of the
falling edge of the 17th pulse of the Word Clock. The gated Enable signal will
then go low a maximum of 40ns following the rising edge of the inverted Word
Clock. A positive Read pulse will be generated by the monostable following the
rising edge of the 17th word of the inverted Word Clock. The typical delay for
the monostable is 35ns with no minimum value given. This means that it is
possible for this positive Read pulse to overlap the gated Enable by

approximately 5ns in the worst case. This overlap would not be sufficient in
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length to cause the FIFO to read out another word since its duration would be
much less than the required 120ns. Figure 4-3 shows that there is no Read pulse

sent to the FIFO following the 17th pulse of the Word Clock.

G. DATA LATCH REQUIREMENT

The PCM encoder requires that digital data be stable a minimum of Sus
following the falling edge of the Word Clock, for an undetermined amount of
time until the next Word Clock transition. This period of time amounts to 45s
during which the data is latched by the PCM encoder at some point. The most
reliable way to hold digital data for that length of time is with the use of a latch.
Two octal latches were necessary to latch all ten bits of the data word, and their
technical data is included in Appendix G. The latches are transparent while their
control signal is high. Data which has been setup by Sns is latched into the
device if it is held for 20ns past the falling edge of the Latch signal.

The key to ensuring that valid data is latched, is to make the falling edge of
the Latch signal occur when data is valid out of the FIFO. This is simply done
with another monostable multivibrator, which allows control of the timing of the
falling edge of the pulse. A Latch pulse duration of 2.1us was selected to fulfill
these requirements, and circuit components were selected according to Equation
4-1. This ensures that valid data from the FIFO will be setup and latched into
the latches.

It is not necessary for the Latch pulse to occur only when the Enable signal is
asserted, as was the case with the Read signal. Asserting extra Latch pulses will
not result in a loss of data by the instrument. The Ground Support Equipment
(GSE), which will be discussed in Chapter V, uses the Latch pulse for data

acquisition as a handshaking signal. This requires that the Latch pulse to the
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integrated circuit occur only with the Read pulse to the FIFO so that a latch
signal only occurs when a new data word is read. This is an artificial
requirement imposed on the interface circuit due to the test setup in the
laboratory. It does not impose any limitations on the interface circuit operation
in the rocket, and provides for the simplest method of data acquisition in the lab.

The Latch signal is nanded with the gated Enable signal to produce a negative
Latch signal which is only asserted when the enable signal is active. Since the
integrated circuit requires a positive pulse, the signal is fed through both inputs
of another nand gate. The nand gate output is used as the Latch signal to the
integrated circuit. Two levels of nand gates impose a maximum delay of 30ns on
the original generated Latch signal, but this delay is not a concern in the timing

of the circuit.

H. BUFFERING OF CONTROL LINES

Several of the control signals generated in the interface circuit, Read, Write,
Reset, etc., must travel on wires outside of the metal box which houses the
interface circuit. This was Hue to the fact that the circuit had to be constructed
on two printed circuit boards. Some control signals had to pass from one board
to the other via external wiring. These signals were buffered prior to sending
them out of the interface circuit enclosure in an effort to prevent any external
noise imposed on these lines from getting back into the interface circuit. In
addition, some control signals are sent out on the cable which connects the
MUSTANG payload to the rocket telemetry section. This was considered
necessary since the MUSTANG instrument is under vacuum the entire time that
it is attached to the rocket. In order to determine if the instrument is functioning

properly prior to launch, or to troubleshoot the interface circuit while under
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vacuum, these control signals must be fed out through the telemetry cable. It
was considered prudent to buffer these signals due to the significant length of
cable runs to which these signals would be exposed. A single octal buffer chip
was all that was necessary to protect these signals. Technical data for the buffer
is included in Appendix H.

This completes the requirements for the design of the revised electronic
interface circuit. The circuit diagram for the final design is included as Figure

4-4,

I. INSTRUMENT GAIN CONTROL VOLTAGE

The instrument gain control voltage portion of the interface circuit is
electrically separate from the previously described circuit. This part of the
interface is called the high voltage circuit since it supplies the control voltage to
the high voltage power supply. Chapter II Jescribed the necessity for the high
voltage portion of the MUSTANG instrument to only be energized when the
instrument is under full atmospheric or full vacuum conditions. Harmful arcing
may occur if the high voltage power supply is energized under partial vacuum
[Ref. 4:p. 43]. Technical data for the high voltage power supply is included in
Appendix C.

The high voltage power supply is powered from +5V, and requires a contol
voltage between 0 - 10V to control the high voltage output to the MUSTANG
image intensifier. The gain of the MUSTANG instrument is an exponential
function of this control voltage. The +5V power supply is energized separately
from the power to the rest of the interface circuit. The function of this portion
of the interface circuit is to provide a regulated control voltage. Since two

separate gain values were desired for this flight, two different control voltages
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had to be created on the high voltage portion of the interface circuit. A method
must also exist to select one of the two control voltages while the rocket is in
flight. Two alternatives were investigated to supply the required control
voltages.
1. Two Regulated Voltages and an Analog Switch

A single adjustable voltage regulator was used in the original interface
circuit to supply the single control voltage. It would not be difficult to add a
second voltage regulator that was adjusted to the second control voltage. The
two analog control voltages could then be supplied to an analog switch. An
additional telemetry signal would be required to select the output of the analog
switch. This alternative involved adding many components to the circuit. Each
voltage regulator required several resistors and capacitors to set the output
voltage. Each output voltage would require a buffer in order to provide a
constant voltage. An analog switch is available as a small integrated circuit
package; however, it requires a +15V and -15V power supply. The current
rocket configuration supplies only +5V and +15V to the high voltage portion of
the interface circuit. This alternative would require a modification to the
existing rocket configuration to supply -15V and a gain select signal to the high
voltage portion of the circuit. It would require a large amount of board space
for all of the additional components, and would be less reliable due to all of the
added components. For these reasons, this alternative was not selected.

2. Digital-to-Analog Converter

A digital-to-analog (D/A) converter could perform the task of supplying

two different analog voltages if a combination of the input bits were used as the

gain select signal to change the output voltage. A sophisticated D/A converter
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could provide all of the functions of the two voltage regulators and an analog
switch in a single integrated circuit package. For these reasons, the Analog
Devices AD-667 D/A converter was selected to perform this function. Technical
data for the AD-667 is included in App«ndix E. This device performs 12-bit
D/A conversion in an acceptable 3us. The conversion time is not critical since
the gain will only change once at the rocket flight apogee and again at 100km
altitude on the down leg. The device provides its own stable, buried zener
reference voltage, and a buffer on the output analog voltage. This ensures a
stable voltage out of the device, regardless of the amount of current drawn by
the load. The device also provides a latch on the input digital data so that it is
not critical to keep the digital inputs stable at all times.

This single D/A converter supplied all of the necessary characteristics of
a stable, selectable control voltage. The only drawbacks of this alternative were
the relatively high cost of such a sophisticated device, and the requirement for a
+15V and -15V power supply. Both alternatives required a modification to the
existing rocket configuration to supply -15V and a gain select signal to the high
voltage portion of the circuit. The D/A converter provided a smaller board area
and a higher reliability, so it was chosen as the method for generating the control
voltages.

The existing Frame Clock was used to latch the digital data into the D/A
converter. Since data is latched into the device on a rising edge, the Frame
Clock was inverted by supplying it to both inputs of a nand gate. The nand gate
output was used as the latch signal to the D/A converter. This ensured that the
gain would be constant for an entire frame of data. It also allowed the data to be

latched every frame in case an erroneous value were latched due to noise. This
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would cause only one frame of data to be in error rather than the data for the
entire flight.

It was determined from the data of the previous MUSTANG flight that
the control voltages necessary for proper instrument gain were approximately
9.40V and 9.70V. The 10.00V reference voltage in the 12-bit D/A converter
meant that the analog voltage resolution was 2.44mV. This was more than
adequate to provide the two required control voltages. A D/A converter with
less input bits could have provided this resolution; however, a device with all of
the other capabilities of the AD-667 was not available. The proper control
voltages could be obtained by changing only a single bit into the D/A converter

as shown in Figure 4-5.

MSB Bit Number LSB
11109 8 7 6 5 4 3 2 1 0

111110 00 1 00 0 = 97047v
1 11110{0 00100 0 => 93923v

Gain Select Signal

Figure 4-5 Control Voltage to High Voltage Power Supply

The Gain Select signal from the rocket telemetry section would be
applied to Bit 7 of the D/A converter. A logic zero on this line would select low
gain and a logic one (+5V) would select high gain. All other digital bits into the

D/A converter would be hardwired to ground or the +5V high voltage power

supply.

52




The relay which energizes the high voltage power supply to the
MUSTANG payload causes +5V, +15V and -15V to be supplied to the high
voltage portion of the interface circuit. This causes the control voltage to be
produced and applied along with +5V to the high voltage power supply on the
MUSTANG instrument. The circuit diagram for the high voltage portion of the

final interface circuit is shown in Figure 4-6.

J. CIRCUIT POWER REQUIREMENTS

The power requirements of the MUSTANG electronic interface circuit as
well as the MUSTANG instrument itself must be known prior to time of flight.
This allows for proper selection of the flight batteries for the rocket mission. A
worst case evaluation can be made based on figures supplied in each components
technical data. Some databooks supply the typical and maximum power
consumption. Others give only power supply current drawn, in which case the
power consumption can be calculated by multiplying by the supply voltage.
Table 4-1 is a compiled list of the typical and maximum power dissipated in each
of MUSTANG's components.

The power consumption figures in Table 4-1 are totals for the number of
components used in the interface circuit (i.e., there are three 5415221 integrated
circuits in the electronic interince, so the table reflects the power consumed by

all three together).
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TABLE 4-1 MUSTANG POWER REQUIREMENTS

54LS74A
5415221

54L.5244
5415373

IDT-7201

HAS-1202
AD-667

Driver/Amplifier

HV Power Supply

Total Power

Reqd.

Typical Power | Maximum Power
0.024 watt 0.044 watt
0.020 0.040
0.285 0.405
0.135 0.230
0.270 0.400
0.700 1.000
1.900 2.750
0.420 1.000
1.200 1.500
0.445 0.445
5.399 watt 7.814 watt
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V. GSE DESIGN AND MODIFICATION

The MUSTANG ground support equipment (GSE) provides two functions.
It allows for testing and calibration of the MUSTANG instrument in the
laboratory, and it allows for checkout of the MUSTANG instrument during
installation on the sounding rocket, prior to flight. In the laboratory, the GSE
must simulate all functions provided by the rocket during flight. During
installation on the rocket, the GSE must not interfere with payload integration,
but at the same time collect enough data to ensure the MUSTANG is operating
properly.

The MUSTANG GSE consists of a Macintosh I computer with additional
National Instruments data acquisition boards, an interface box and a power
supply. The interface box was built by Naval Postgraduate School technicians,
and the software was written by Professor Dave Cleary prior to the first
MUSTANG launch. No real documentation exists for these original programs or
the interface box construction. The operation of the interface box electronics
was deduced during the course of this thesis work. The electronics were
modified both to correct for shortfalls in performance, as well as to adapt to
changes in the upcoming MUSTANG flight. The software programs were
rewritten in an attempt to make them both more efficient and more user
friendly.

This chapter is meant to serve as a guide to how the MUSTANG GSE really
works in its current configuration. Hardware and software operation will be
discussed in their entirety. Mention will be made where modifications were

made as a result of this thesis work.
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A. FUNCTIONS OF LABORATORY GROUND SUPPORT
EQUIPMENT

The laboratory GSE must provide two functions. It must provide the same
clock synchronization signals that the MUSTANG receives from the PCM
encoder during flight. This provides a flight environment for testing the
MUSTANG instrument. It must also collect data from the MUSTANG
instrument just as the PCM encoder would in flight. A method to display this
data is also necessary, in order to determine if the MUSTANG is operating
properly. These two functions are provided by the Macintosh II computer and
National Instruments (NI) data acquisition boards. The interface box is
necessary for synchronizing all of the clock signals, and for providing a medium
to transfer signals from the NI data acquisition boards to the MUSTANG flight
instrument .

1. PCM Encoder Clock Synchronization Signals

The Macintosh II computer provides the clock synchronization signals
via two NI data acquisition boards. The NI boards are all Macintosh NuBus
cards and are attached to each other by a Real-Time System Integration (RTSI)
bus connector. This allows for signal passing between the cards without having
to wait for the Macintosh bus. An NB-DMA-8-G board has a counter/timer
which provides the master system clock over the RTSI bus to the other boards.
An NB-MIO-16 board provides all of the PCM encoder clocks synchronized to
the system clock via its counter/timers. Signals provided by the MIO board are
as follows.

*  200kHz, 5us period, Bit Clock
* 20kHz, 50us period, Word Clock

57




» 1.25kHz, 800us period, Enable Clock
* 19.53Hz, 51.2ms period, Frame Clock

The 50-pin input/output (I/0) connector to the MIO board provides the
clocks at the pins indicated in Figure 5-1. The Word Clock is high for one Bit
Clock period, and low for the next nine periods. This accommodated the ten-bit
words as described in Chapter II. The Bit Clock and Word Clocks produced by
the GSE are shown in Figure 5-2. The signals in this figure are actually in
error, since the rising edge of the Word Clock should correspond to the rising
edge of the Bit Clock. The GSE modified to correct this problem as described in
a later section of this chapter. This figure also shows that the amount of noise in
these clocks is excessive. The majority of this noise does not originate from the
NI boards, but is added in the GSE interface electronics. The amount of noise
present in the clock signals on the sounding rocket is unknown. It was decided
that the MUSTANG electronic interface circuit should be designed to be robust
enough to operate in this level of noise, rather than reducing the noise in the
GSE interface electronics. In this sense, the MUSTANG interface circuit design
considered a worst case noise environment.

Figure 5-3 shows the Enable signal produced by the GSE in relation to
the Word Clock. The Enable signal is high for 16 cycles of the Word Clock and
then low for the next 16 cycles. As in the sounding rocket, data is only read
from the MUSTANG instrument when the Enable signal is high. Unlike the
sounding rocket, the Enable signal is perfectly synchronous with the Word Clock
since it is produced by the NI boards. The problems experienced with the PD-
629 Enable signal described in Chapter III are not present in the GSE
configuration. Figures 5-4 and 5-5 show that the rising and falling edges of the
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AIGND —{ 1 ]2 }— AIGND
ACHD 3[4 ACHS8
ACH1 —5 [ 6 ACHS9
ACH2 —7 | 8 ACHI10
ACH3 —I 9 [10}— ACHI1
ACH4 —{11|12}— ACHI2
ACHS 13| 14|— ACHI13
ACH6 —{15[16}— ACH14
ACH? —{17[|18}— ACHIS
Al SENSE —{19 |20 }— DACO OUT
DAC!1 OUT —{21|22}— EXTREF
AO GND —{23 |24 |— DIG GND
ADIOO0O —{25 |26 }— BDIOO
ADIO1 —{27| 28— BDIO!I
ADIO2 —{29 | 30}— BDIO2
ADIO3 —31|32}— BDIO3 (MIO OUT3B)
DIG GND —{33 [ 34}— +5 Volu
+5 Vols —{35 | 36}— SCANCLK
EXTSTROBE* —{37 | 38— EXTTRIG*
EXTCATE —{39 |40}— EXTCONYV*
SOURCE1 —{41 | 42— GATE!
(Word Clk) OUT! —-{43|44}— SOURCE2
GATE2 —{45|46/— OUTZ2 (Enable Cik)
SOURCES —{47 [48[— GATES
(Frame Clk) OUTS —{49|50— FOUT (Bit Clk)

Figure 5-1 NB-MIO-16 1/0 Connector [After Ref. 7:p. 2-13]
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2 V/div

2 V/div

10 ps/div

Figure 5-2 Bit Clock (top) and Word Clock (bottom)
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2 V/div
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Figure 5-3 Word Clock (top) and Enable command (bottom)
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2 V/div

2 V/div

0.1 ms/div
x10

Figure 5-4 Magnified Word Clock (top) and Beginning of Enable
command (bottom)

2 V/div

2 V/div

0.1 ms/div
x10

Figure 5-5 Magnified Word Clock (top) and End of Enable command
(bottom)
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Enable signal are synchronous with the rising edge of the Word Clock. An
effort was made to produce an Enable signal in the GSE that looked like the PD-
629 Enable, and is discussed in a later section. The Frame Clock produced by
the GSE is shown later in Figure 7-5, and is high for one Word Clock period in
1024 .
2. Collection and Display of a MUSTANG Spectrum

The GSE also collects the data read out from the MUSTANG interface
circuit. Digital data is latched into an NI NB-DIO-32F data acquisition board in
the Macintosh II computer. The collected data is displayed on the Macintosh
screen as a MUSTANG spectrum. The 512 photodiodes in the linear image
sensor are represented by the 512 pixels displayed in the MUSTANG spectrum
shown in Figure 5-6. LabVIEW 2.0 software published by National Instruments
is used to create this screen display. The LabVIEW software is compatible with
all of the NI data acquisition boards. The following sections describe how the
programs are written to provide the telemetry clocks and acquire the data ior

display of a MUSTANG spectrum on the GSE computer.

B. LABVIEW 2.0 PROGRAM FOR DATA ACQUISITION

The basic entity of a program in LabVIEW is know as a virtual instrument
or VI. This is an object oriented programming language in the sense that
programs or VIs are represented on the Macintosh screen as small icons. A Vlis
made up of two parts. The front panel is the program interface with the user.
The block diagram represents the mechanics or code of the program. A VI is
constructed by filling its block diagram with other sub-VIs or basic elements,
and then wiring them together with a wiring tool. Calls to multiple sub-VIs may

be nested several levels deep. Regular program structures such as Case
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structures, Sequence structures, For loops and While loops are all implemented
in LabVIEW in an object oriented fashion. A basic knowledge of the LabVIEW

program is assumed in the following discussion.

£ | Savel Quit Reacquire

Number of Spectra eeasessl  ees————
to be Averaged

Data Array

1024

768 [ SR

Ll ln

256 ,,\AJ-«NM\MWML W M

H l
0 64 128 192 256 320 384 44~ 512

|3mms:|[ LYsplay L jadalad I

Figure 5-6 Data Acquisition Computer Screen (Platinum Lamp
Spectrum)

1. Hardware Configuration
Many LabVIEW VIs which interface with the NI data acquisition boards
are already included in a LabDriver VI library which is provided by National
Instruments. All of the LabDriver library VIs discussed in this chapter are listed -
in Table 5-2 at the end of the chapter. This table provides a cross-reference page
number where the VI can be found in Reference 8. As mentioned previously, an

NB-DMA-8-G board is utilized to create the master system clock. No explicit
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use is made of the direct memory access (DMA) features of the board in this
application. The NB-MIO-16 board is only used to create the four clock signals
provided by the PCM encoder. It has the capability to provide analog-to-digital
signal processing, but this is not utilized in the GSE. The NB-DIO-32F board
simply provides a digital input port to read in the data from the MUSTANG
interface circuit. Data is latched into the board as controlled by handshaking
signals. The current NuBus address locations for the data acquisition boards are

as follows.

+ NB-DMA-8-G NuBus slot #2
+ NB-MIO-16 NuBus slot #3
» NB-DIO-32F NuBus slot #4

2. Lab Software

The original GSE LabVIEW p.ograms were written as separate entities
which had to be run separately, and in the correct sequence in order to test the
MUSTANG. The GSE programs have been revised so that all necessary VIs are
accessed from within a single main VI. This main VI has been organized to be
more user friendly. To take calibration data with the MUSTANG, the user need
only click a few labeled buttons on the screen to see the displayed spectrum.
This allows students to collect and study the MUSTANG calibration data without
having knowledge of the electronic interface circuit or of the LabVIEW
software.

A hierarchy of all sub-VI calls in the Main GSE program is included as
Figure 5-7. Each VI is represented by its appropriate icon in the figure. The
main VI calls three sub-VIs. Each of these VIs in turn call other sub-Vlis as

depicted in the figure. The following sections will describe the operation of the
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VIs represented by each of the icons in the hierarchy. Operation of the
LabVIEW library VIs, where obvious from the LabVIEW user manuals, will not
be explained.
a. Main GSE Program

The Main GSE VI includes all previous GSE programs, which are
now referred to as sub-VIs. The front panel of the Main GSE VI is shown in
Figure 5-8. Secveral labeled buttons are shown on the left side. When the user
clicks the mouse on the button, the sub-VI is executed to accomplish the task. A
status window is shown which updates when a called sub-VI has completed. This
tells the user what action has been accomplished by virtue of his clicking a
button. The operation of the main VI is shown in its block diagram, which is

included in Figure 5-9 and Figure 5-10.

Initialize Status:
11O Boards [elpome
%o Mustang
Crowund Sugport
Lgwpment
Initialize z
Telemetry
Clocks

Data .
Acquisition I Quit

Figure 5-8 Main GSE VI Front Panel
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Figure 5-9 Main GSE VI Block Diagram
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Figure 5-10 Main GSE VI Block Diagram Subsequent Cases
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All buttons on the front panel are of the spring latch type. This
means that when a button is depressed by clicking the mouse, the control changes
to the new value and remains there until the program reads the new value once,
or the mouse button is released, whichever occurs last. This means that even a
quick click of the mouse button will cause the button to be read at least one time
in the depressed position without the user having to hold down the mouse button.

The block diagram in Figure 5-9 shows the icon for the Main GSE
VI in the upper right corner. This icon is not part of the block diagram. It was
placed in the figure to allow for identification of the VI with which the block
diagram is associated. This convention will be followed throughout this chapter.
Some of the block diagrams in this chapter have been graphically edited to allow
them to fit within the proper dimensions of this thesis format. All block
diagrams illustrated in this chapter are functionally equivalent the the VIs
running on the GSE computer. The names of LabVIEW functions and VIs will
be shown in italics in this chapter.

The entire block diagrzin is enclosed in a while loop structure.
Figure 5-10 simply shows the other cases not shown in Figure 5-9 for the three
case structures present in the block diagram. When the Main GSE program is
initiated, the while loop begins to run continuously. When the Quit button is
depressed, a boolean TRUE value is passed to the inverter which sends a boolean
FALSE value to the conditional terminal of the loop. This stops the while loop
from running, and the Main GSE program stops execution. The iteration
terminal of the while loop is wired to an Equal to Zero comparator function.
The value of the iteration terminal is zero for the first execution of the loop, and

is incremented by one on each loop iteration.
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Indicators for the three buttons on the left side of the front panel are
located on the left side of the block diagram. They send out a boolean FALSE
value until the button is depressed, when a boolean TRUE value is sent out. The
boolean variables from these three buttons are collected by the Build Array
Function. This function creates an array of three boolean values. Array element
zero is the value of the Initialize I/O Boards button. The output of this function
is wired to the input of a Boolean Array to Number data type converter. This
converts the binary number represented by the boolean array into a decimal
number. The decimal number is passed to a Logarithm Base Two function and
an Increment function. The output of the Increment function is wired to the
selector of the case structure. This allows for depressing a single button to select
a particular case in the block diagram as shown in Table 5-1. This technique is

also demonstrated on page 6-3 of Reference 9.

TABLE 5-1 MAIN GSE VI CASE VALUES

Button Pressed Array Number Base 2 Case
Log
None 000 0 -infinity 0
Init I/O Boards 001 1 0 1
Init T/M Clocks 010 2 1 2
Data Acq 100 4 2 3
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When a particular case is selected, the contents of the case window
in Figures 5-9 and 5-10 are executed. For cases one through three, this means
execution of the sub-VI within the case structure. When the sub-VI completes,
the text string is passed out of the case structure. Case zero is a special case
executed when no buttons are depressed. This case window has another case
structure inside it which is dependent on the number of while loop iterations.
The first time the while loop executes, the iteration terminal value is zero. This
produces a boolean TRUE out of the Equal to Zero comparator which selects the
true case and the welcome message is sent out. Every other time the while loop
executes, the iteration terminal value is something greater than zero, and the
boolean FALSE case is selected. This case is not shown in Figure 5-10, but
merely connects the input string at the bottom tunnel to the output string at the
tunnel on the right side.

The shift register on the while loop structure holds the value of the
text string to be displayed in the Main GSE status window, and passes it to the
next iteration of the while loop. If this value were sent to the status window
inside the while loop, it would be updated on the screen with every iteration.
This causes the message to flash on the screen and does not present a good
appearance. The additional case structure on the right side of Figure 5-9
prevents this message flicker by updating the status message only when it
changes. The status window indicator is located in the FALSE case so it is only
accessed when the Equality comparator indicates that the two inputs are not
equal. This allows the status window display to only be updated whin its message

changes.
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When the Main GSE program is run for the first time, the iteration
terminal value is zero and the welcome message is selected to come out of the
first case structure. This is not equal to the null string which is the default initial
value of the shift register. The status window is updated with the welcome
message, and the welcome message is entered into the shift register. On the
subsequent iterations of the while loop the iteration terminal is no longer zero so
the false case is selected and the welcome message string is passed to both sides of
the Equality comparator. This results in the string being passed straight through
the true case structure, and the status window not being updated.

When a button is pushed, the appropriate case is selected and the
sub-VI called and executed. When control returns to the Main GSE program,
the new text string is sent out of the case structure causing the Equality
comparator to result in a boolean FALSE. This updates the status window with
the new message as before. On the following while loop iteration, the shift
register has the new text string value so the status window will not be updated.
This while loop continues to run in the background until the user depresses the
Quit button.

b. Initialize 1/0 Boards

The first action to be taken, once the Main GSE program is running,
is to click the Initialize I1/O Boards button. This sub-VI must be run first to
properly initialize the NI data acquisition boards in the Macintosh computer.
The initialization only takes a second and the status window is updated to show
that the 1/0 boards have been initialized. The block diagram for this VI is very
simple, and it has not been included as a figure in this chapter. It merely

contains two sub-VI icons. The two sub-VIs are Initialize M.IO and Initialize
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DIO which configure the counters and ports on the two data acquisition boards.
Since the two sub-VIs are not within any program structure, they are executed
concurrently.

(1) Initialize MIO. This sub-VI configures the three counters on
the NB-MIO-16 data acquisition board. The counters are numbered one, two
and five. Its block diagram is shown in Figure 5-11 and Figure 5-12. This
block diagram utilizes a sequence structure in which a portion of the program is
contained within a sequence {rame. All operations within frame zero are first
completed, and then control is passed to frame one. Four frames are contained
within the block diagram. This is the method by which LabVIEW allows the
programmer to ensure that certain events occur in a particular order.

The CTR_Config NI LabDriver VI is used in this block
diagram to configure the MIO board counters. Frame zero configures counter
number one, which will be the Word Clock. The counter is gated by a logic high
level to allow for synchronization of the clocks. The edge mode was set to
TRUE in order to correct the problem shown in Figure 5-2. The polarity was
set to the default value of FALSE. These settings ensured that the rising edge of
the Word Clock pulse would occur with the rising edge of the Bit Clock. The
LabVIEW documentation is not very clear on how each of these settings will
affect the counter output. A trial-and-error method was used to ensure that the
clock signals were created properly. The following is a list of the counter

number one characteristics.

* MIO board in NuBus slot #3

*  MIO counter #1

+ Input signal falling edges are counted
» Logic high level gates the counter
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Figure 5-11 Initialize MIO VI Block Diagram
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Figure 5-12 Initialize MIO VI Block Diagram (continued)
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» TC toggle output type is used
» Positive logic output
Counter two is configured similarly in frame one as the
Enable signal. The only difference is that its polarity is switched to be an
inverted output. This ensures that the Enable signal will be low for the first 16
words of the frame of data. This is consistent with the actual telemetry clocks
where the first 14 data words of the PCM matrix are for housekeeping signals.

Counter two is configured as follows.

» MIO board in NuBus slot #3

*  MIO counter #2

» Input signal falling edges are counted
» Logic high level gates the counter

» TC toggle output type is used

+ Negative logic (inverted) output

Counter five is configured similarly as the Frame Clock in

frame two. It has a positive logic output similar to the Word Clock in frame

zero. It has the following characteristics.

* MIO board in NuBus slot #3

»  MIO counter #5

* Input signal falling edges are counted
* Logic high level gates the counter

» TC toggle output type is used

+ Positive logic output

The last frame in the sequence calls the DIG_Prt_Config
LabDriver VI. This configures the four-bit digital port BDIO on the MIO board

as an output port. The BDIO port pins are shown in Figure 5-1. This step is
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only necessary when using the GSE at the launch site when the MUSTANG
instrument is tested with the Launch GSE interface box. The inclusion of this
frame does not affect performance when using the GSE in the laboratory so the
frame is included all the time. Use of this digital output port is explained in a

later section. The port is configured as follows.

» MIO board in NuBus slot #3

« Port #1 (BDIO) is configured

+ Port configured as output

» No-handshaking (nonlatched) mode

(2) Initialize DIO. This sub-VI configures the digital ports on the
NB-DIO-32F data acquisition board. The output connector for the DIO board is
shown in Figure 5-13. The block diagram for this sub-VI is shown in figure 5-
14. This VI also makes use of the sequence structure, and the program is
contained in two sequence frames. The DIO board has 32 digital lines which can
be configured as eight-bit ports for input or output. MUSTANG data words are
ten bits long, so two ports are configured as a group for input of digital data.
Six of the digital lines in the port are not used. Frame zero calls the
DIG _Grp Config LabDriver VI. This frame assigns two of the digital ports to a

group as follows.

« DIO board in NuBus slot #4

» Group zero is the group of ports to be configured

» Port zero assigns 8-bit Ports zero and one to the 16-bit group zero
* Group size of two configures a 16-bit group

» Group configured as an input port

77




DICD1 11 2] DIOD4
DIOD3 | 3| 4| DioDo
DIOD6 | s| 6} OIOCD7
DIOD2 | 7] 8] DIODS
DIOCs | 9] 10} DIOC7

pioc3 | 11| 12| Dioct
Dioc2 | 13| 14| DIOCO
DIocs | 15| 16| DiOC4
GND |17] 18] Ack2
GND | 19] 20| IN2
GND |21|22| out2 (SWITCH)
GND |23|24| RECR
IN3 |25]|26] ouT3
AcK1 |27| 28] anD
INt [ 29| 30| aND

(GATE) OuTt | 31| 32| GND
REQ1 | 33| 34| GND
(ground) DIOA4 | 35| 36| DIOA6 (ground)
(Bit 9) DIOA0 | 37| 38| DIOA2 (ground)
(Bit 10 MSB) DIOAt |39] 40{ DIOA3 (ground)
(ground) DioA? | 41| 42| DIoAs (ground)
(Bit 6) DloBs | 43|44 Diog2  (Bit 3)
(Bit 8) DIOB7 |45]| 46| DIOBs (Bit 7)
(Bit 1 LSB) DioBo |47/ 48] DioB3 (Bit 4)
(Bit 5) DioB4 | 49| so| DioB1  (Bit 2)

Figure 5-13 NB-DIO-32F 1I/O connector [After Ref. 10:p. 2-2]
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Figure 5-14 Initialize DIO VI Block Diagram
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The handshaking method by which digital data will be latched
into the input port is established in frame one. Pin number 33, labeled REQ]1, on
the NB-DIO-32F connector of Figure 5-13 is the handshaking signal sensed by
this group. The origin of this signal is discussed in a later section of this
chapter. The group sends out a handshaking acknowledgement signal, called
ACKI1, on pin number 27 which is not used by the electronic interface circuit.
The DIG_Grp_Mode LabDriver VI is called for the purpose of establishing the
handshaking method, and configures the handshaking mode as follows.

+ DIO board in NuBus slot #4
» Group zero established in frame zero is the group to be configured
« Group is configured to recognize rising edge pulsed handshake signals

. Groulp is configured for active-high polarity handshake acknowledge
signals

» Group is configured for active-high polarity handshake request signals
+ Group is configured for level handshake signals
» No data settling time is allowed for the group

c¢. Telemetry Clocks

Once the data acquisition boards have been initialized, the next step
is to run the clocks so that they provide the correct telemetry signals to the
MUSTANG instrument. This is done by clicking the Initialize Telemetry Clocks
button on the Main GSE front panel. The block diagram for this VI is a series of
ten frames which are illustrated in Figures 5-15 through 5-19. The first two
frames configure the RTSI bus to send the master clock signal from the DMA
board to the MIO board. Frame zero clears all signal assignments to the RTSI
bus by calling the RTS! Clear LabDriver V1. Frame two calls the RTSI_Conn

LabDriver VI to assign signals to the RTSI bus as follows.
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Figure 5-15 Telemetry Clocks VI Block Diagram (Frames 0 and 1)
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Figure 5-16 Telemetry Clocks VI Block Diagram (Frames 2 and 3)
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Figure 5-17 Telemetry Clocks VI Block Diagram (Frames 4 and 5)
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Figure 5-18 Telemetry Clocks VI Block Diagram (Frames 6 and 7)
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Figure 5-19 Telemetry Clocks VI Block Diagram (Frames 8 and 9)
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« DMA board is to be configured

+ Signal code zero (FOUT) of the DMA board is assigned to the bus

« FOUT signal is placed on trigger line zero of the RTSI bus

« DMA board is the source of this signal (DMA board transmits)

» MIO board is to be configured

+ Signal code four (SOURCES4) of the MIO board is assigned to the bus
+ SOURCEH4 is assigned to the same trigger line zero as FOUT above

+ MIO board is the destination of the signal (MIO board receives)

The sub-VI, OUT1 of DIO, is called in frame two, and its operation
is discussed in the next section of this chapter. It places a digital line in a logic
low level. This digital line is referred to as the GATE in the GSE interface
circuit, and its function is to ensure that all the clocks are synchronized to start at
the same time. This GATE line is wired to the external gate input of all of the
clocks. Frame three calls the CTR_Clock LabDriver VI. This frame starts the

master system clock running on the DMA board as follows.

» DMA board in NuBus slot #2

» Timcbase set to intcrnal 10Hz clock by cntering a cne on the front panel
» Division by five on the front panel results in a 200kHz clock

* Output signal frequency is enabled

Frame four produces the Bit Clock at pin 50 of the MIO connector
by calling the same LabDriver VI. The MIO board receives the system clock as

an input, and sends it out unaltered as the Bit Clock.

e MIO board in NuBus slot #3

» Timebase se: to external SOURCE4 line on the MIO board. This means
that the MIO board is receiving the master system clock from the DMA
board via this line of the RTSI bus.

+ Division by one results in a 200kHz clock for the Bit Clock
» Output signal frequency is enabled
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Frame five produces the Word Clock at pin 43 of the MIO
connector by calling the CTR_Square LabDriver VI. This library VI allows the
output of a square wave signal which has a duty cycle other than 50 percent,
which is necessary for the other telemetry clocks. The Word Clock is

constructed from the master system clock as follows.

¢« MIO board in NuBus slot #3
+ Counter one of the MIO board is used for the Word Clock
+ Timebase also set to external SOURCE4 line on the MIO board

* Period one is set to one. This means that the on-cycle of the square wave
will be equal to one period of the timebase.

* Period two is set to nine. This means that the off-cycle of the square wave
will be equal to nine periods of the timebase.

Frames six and seven produce the Enable Clock at pin 46 and the

Frame Clock at pin 49 of the MIO connector in the same fashion. The

CTR_Square LabDriver VI is also used here. These clocks, described at the

beginning of this chapter, are constructed as follows.

* MIO board in NuBus slot #3

» Counter two of the MIO board is used for the Word Clock

» Counter five of the MIO board is used for the Frame Clock

+ Timebase for both is set to external SOURCE#4 line on the MIO board
+ Period one of the Word Clock is set to 160 periods of the timebase

» Period two of the Word Clock is set to 160 periods of the timebase

+ Period one of the Frame Clock is set to 10 periods of the timebase

» Period two of the Frame Clock is set to 10230 periods of the timebase

Frame eight inserts a one second pause before the clocks are started.

Frame nine asserts the GATE line by calling the OUT1 of DIO VI after the one
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second delay. When the GATE line goes high, all clock timers are enabled, and
they all begin in a synchronized fashion.

The OUT1 of DIO sub-VI is called in the Telemetry Clocks VI, and
its simple block diagram is shown in Figure 5-20. The DIG_Out Line
LabDriver VI is called in this block diagram. This VI configures one digital line
on the DIO board to act as the GATE signal for gating of all of the clocks. The
DIO board in NuBus slot #4 is selected. Port #4 of the DIO board is the location
of the port where the digital line will be used. This is a special port and consists
of three permanent input lines and three permanent output lines. Line #0 is
selected which corresponds to the OUT1 line. This is pin 31 of the DIO
connector shown in Figure 5-13. The state input controls whether the OUT1 line
is in a logic high or logic low state. Frame two of the Telemetry Clocks VI

turns the GATE signal off, and frame nine turns it on.

OUT1
DID

Board Number

e ou
uT
Port LINE

Error

&l

Figure 5-20 OUT1 of DIO Board VI Block Diagram
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d. Data Acquisition

Once the NI data acquisition boards have been initialized and the
telemetry clocks are running, MUSTANG data may be acquired by clicking the
Data Acquisition button of the Main GSE VI. This launches the Data Acquisition
sub-VI. The front panel window was shown in Figure 5-6, and the block
diagram is shown in Figures 5-21 and 5-22. The front panel window of the Data
Acquisition VI automatically opens when the sub-VI is called. This does not
happen for any of the other sub-VIs. Normally a sub-VI is called, executed and
control is then returned to the calling VI. The calling VI has its front panel
showing the entire time. This feature can be configured by command-clicking
on the Data Acquisition icon in the front panel window. Select VI Setup from
the pop-up menu. Under the When used as a sub-VI from any node:, select the
options Show front panel when called and Close afterwards if originally closed.
This will allow the Data Acquisition graph display in its front window to come
into view when the VI is called from the Main GSE VI.

It is very important that power be applied to the MUSTANG
instrument prior to clicking the Data Acquisition button. The power is necessary
in order for the MUSTANG circuit to return the proper handshaking signal. If
the MUSTANG is not powered, the handshaking signal will not be produced, and
the VI will wait for the signals in an endless loop. To recover from this, the
DIG Blk _Clear LabDriver VI had to be executed to clear the digital input group
prior to proceeding. To correct for this inconvenience, the DIG_Blk_Clear V1
was added to the Data Acquisition VI so that it is executed every time the VI is
entered to automatically clear the input group. The DIG _Blk Clear VI has no

output, but is wired to the while loop structure. This illustrates the artificial data
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Figure 5-22 Data Acquisition VI Block Diagram Subsequent Cases
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dependency capability of the LabVIEW program. The VI which clears the input
group will execute prior to entering the while loop.

The Data Acquisition program is contained within a while loop with
two shift registers. The top shift register holds the MUSTANG spectrum that is
acquired, which consists of an array of 512 pixel values. The lower shift
register holds the status message displayed at the bottom of the Data Acquisition
front panel window. The quit button is again wired through an inverter to the
while loop conditional terminal. The iteration terminal is not used for anything
in this block diagram. The other two front panel buttons for Reacquiring a
spectrum and Saving it to disk are bundled into a boolean array and converted to
a decimal number. This is done the same way as was done in the Main GSE block
diagram.

When no button is clicked, then case zero is selected, and the 512
values in the spectrum are cycled through the shift resister. A zero is also sent to
the Equal to Zero comparator. The comparator output is a boolean TRUE which
causes the top input to the Select function to be passed to the second case
structure. The first time the program is run, this is not equal to the null string in
the shift register so the False case is selected and the status window is updated
with the Display Updated message. Despite this message, there is really no
spectrum displayed until the user clicks the Reacquire button the first time. On
the next iteration of the while loop, the Equality comparator sends a boolean
TRUE to the case structure to select the true case, and the status window is not
updated, thus preventing the flickering message on the screen as before.

When the Reacquire button is clicked, case one is selected. This

calls the sub-VI to acquire a new spectrum, and sends the spectrum values to the
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Array to Graph function. This function sends the array values to the graph on
the front panel window. While the reacquire button is depressed, the value of
the boolean array is not zero. This causes a boolean FALSE to be sent out of the
Equal to Zero comparator, and the Acquiring Data message is selected by the
Select function. This value is different from the text string stored in the shift
register, so the output of the next Equality function selects the false case in the
second case structure. This updates the status window with the new message,
Acquiring Data. The new spectrum is obtained and plotted, and the next
iteration of the while loop continues. Now, there are no buttons depressed, so
the Display Updated message is sent to the status window. This lets the user
know when the program is at work collecting the next spectrum, and when the
display on the screen has been updated. This is convenient when many spectra
are acquired and averaged. One of the inputs on the Data Acquisition VI front
panel is for the number of spectra to be averaged. If this number is on the order
of 50, it can take approximately four seconds for all of the data to be taken
before the display is updated.

When the Save button is clicked, case two is selected in the first case
structure. This case calls the Save to Disk sub-VI, which stores the current array
to disk as explained in a later section. This case also causes the status window to
be updated as if a new spectrum is being acquired. No new data is actually taken.
This was just the easiest way to construct the block diagram. When the status
window updates with the Display Updated message, it really only means that the

save operation is complete.
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The actual work done in collecting the data for the new spectrum is
done in the Average N Spectra VI which is called in case one. The operation of
this sub-VI is described in the next section.

(1) Average N Spectra. This VI uses the sequence structure with
three frares in its block diagram illustrated in Figures 5-23 through 5-25. The
number of spectra to be averaged from the front panel is passed into the
sequence structure. A sub-VI, Get N Spectra, is called in frame zero. This VI
actually collects the data for the number of spectra specified by the user. The
data collected is in one long array which is passed to the subsequent frames via a
local variable indicator. The function of the Average N Spectra VI is to average
the number of spectra obtained, and return one spectrum of 512 pixel values.
The output data array is initialized to zero in frame zero, and passed to
subsequent frames via another local variable indicator.

Frame one contains the For loop structure. The limit for the
for loop operation is set by wiring the number of spectra to be averaged to the
count terminal. The iteration terminal holds the value of the current iteration of
the for loop from zero to N-1. A shift register is used in the for loop to pass the
current value of the output data array to the next iteration. The long data array
which holds all of the spectra to be averaged is passed into the for loop from the
upper local variable terminal. This array is sent into an Array Subset function.
The index for the array subset is equal to 512 times the current iteration of the
for loop. The length of the array subset is 512, or the length of one spectrum.
The output of the Array Subset function is an array with 512 elements which is
taken from an integer number of spectra into the acquired data array. This

single spectrum is wired to the Addition function where it is added to a running

94




fieauy yndyng

pabouany 3q o)
pJ}oeds JO JIqUNN

—aatn Buoj auo ojut e4}oads N 3y} Sadinboe awed) m.;_@

fbudy bybDg |DI1}IU]

[13a]

<3

=1

Figure 5-23 Average N Spectra VI Block Diagram (frame 0)
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Figure 5-24 Average N Spectra VI Block Diagram (frame 1)
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Figure 5-25 Average N Spectra VI Block Diagram (frame 2)
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total in the output array as the for loop progresses. The first time through, the
spectrum is added to zero since the output array was initialized to zero. When
the for loop completes, all of the N spectra acquired have been added up, and the
result is passed to the next frame via another local variable.

Frame two actually performs the averaging process. The
summed output array is divided by the number of spectra to be averaged. The
value of the averaged spectrum is passed back to the calling VI which was Data
Acquisition.

(2) Get N Spectra, This sub-VI, called in frame zero of the
Average N Spectra V], is finally the one which collects the MUSTANG data on
the digital input port lines. It has been significantly revised from past versions
of the program. Several VIs are now incorporated into this one VI with a
sequence structure. All three frames of the sequence in the block diagram are
shown in Figure 5-26. The first two frames call the DIG_Qut_Line LabDriver
VI which was also used in the OUT1 of DIO VI. These frames configure one
digital line on the DIO board as the SWITCH signal which is used to trigger the
GSE interface hardware described in a later section. The DIO board in NuBus
slot #4 is selected. The special port #4 of the DIO board is again selected as the
source of the digital output line. Line #1 is selected this time, which corresponds
to the OUT2 line. This is pin 22 of the DIO connector shown in Figure 5-13.
Frame zero sets the state of the digital output line to a logic low level. Frame
one resets the output line to a logic high level. The SWITCH line in the external
hardware needs a rising edge in order to start the data collection at the beginning

of a spectrum. This transition of the OUT?2 line of the DIO board provides this
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Figure 5-26 Acquire N Spectra VI Block Diagram
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rising edge to ensure that the first pixel obtained corresponds to pixel one of the
MUSTANG spectrum.
Frame two calls the DIG_Blk_In LabDriver VI. This is the
VI which latches in the data. The DIO board in NuBus slot #4 is again selected.
Group zero which was configured as the input group when the I/O boards were
initialized, is also selected. The count of the number of digital words to collect is
created from multiplying the number of spectra to be averaged by 512. The
collection interval is set to zero since the data is latched via a handshaking signal.
When frame two begins execution, the REQ1 signal on pin 33 of Figure 5-13 is
monitored for a handshake signal. Each handshake pulse which appears on this
line causes a new data word to be latched. The data is physically collected into a
buffer in the computer memory which is represented by the output array. This
is one long array with length equal to an integer multiple of 512, depending on
the number of spectra to be averaged. This long data array is passed back to the
calling VI described previously which averages the spectra.
(3) Save to Disk. This sub-VI is called in case two of the Data
Acquisition VI. Its block diagram uses the For loop structure and is shown in
Figure 5-27. This VI has been totally rewritten from the previous version.
Artificial data dependency is used to control the program flow. A new file is
first opened with the New File function which is wired to the for loop boundary.
No data is passed to the for loop on this wire. The wiring ensures that the new
file will be opened before the for loop is executed, and data is written to the file.
The same technique is used to close the file. The for loop must complete

operation prior to calling the Close File function.
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Figure 5-27 Save to Disk VI Block Diagram
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The Open File function brings up the standard Macintosh open
file dialog box when executed. The prompt string can be entered, and will be
displayed in the dialog box to tell the user what to type in for a filename. The
file type must be entered, and the standard TEXT file is used in this application.
A LabVIEW file type could have been used in order to allow for recalling the
spectrum later, and displaying it on the LavVIEW graph. Most of the
MUSTANG data is analyzed on a separate Digital VAX computer system, so the
TEXT file is a good standard to use when transferring data between computers.

The For loop writes the data to the previously opened file.
There is no input to the For loop count terminal, so it utilizes an auto-indexing
mode. The indexing occurs on the loop boundary. The array sent into the for
loop has 512 elements, so the For loop will execute 512 times, and bring in one
element of the array with each iteration. An array can also be created on a loop
boundary by the same principle, but this feature is not used in this VI. The
number sent into the for loop from the array is a floating point number and must
be converted to a string for storage in a text file. The array element is sent into
the To Fractional function. The output is an eight character floating point string
with precision to four decimal places. A carriage return is appended to the
element and it is written to the file. File pointers are maintained within the
LabVIEW program so the user need not be concerned with where the value is
being written in the file. The completed TEXT file has 512 lines of data with
one floating point number per line. After the last array element has been written

to the file, the file is closed, and control is returned to the calling VI.
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3. Launch Software

The program described above must be changed when used to monitor
the MUSTANG in the launch configuration. When the instrument is in the
recket, a separate GSE electronic interface box is used. This interface has no
connection between the GATE signal out of the DIO board and the gate inputs to
the counters on the MIO board. The lab GSE interface makes this connection
inside the box. In the launch configuration, the software is changed to provide
the GATE signal out of the MIO board at BDIO3, pin 32 in Figure 5-1. When
the Launch GSE interface is used, a connector adapter is used to connect the MIO
cable to the T/M input. This adapter connects the GATE signal at pin 32 to the
gate inputs for the counters at pins 42, 45 and 48 of Figure 5-1.

a. Launch Telemetry Clocks

The software modification for the launch configuration is shown in
Figures 5-28 and 5-29. Only two frames of the Telemetry Clocks VI need to be
changed. These frames call the OUT3 of MIO sub-VI which controls the BDIO3
output line of the MIO board. The only purpose of this change in the software is
to synchronize the telemetry clocks when using the Launch GSE interface. The
data is still acquired as described previously.

A separate sub-VI, called Launch Clocks, which has these changes
has been written for use with the Launch GSE. It can easily be placed in the
Main GSE VI by command clicking on the Telemetry Clocks VI icon in Figure
5-10 and choosing Replace VI from the pop-up menu. This one simple software
change is all that is necessary to shift from the Lab to the Launch GSE

configuration.
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b. Faulty Telemetry Clocks

An attempt was made to create a faulty set of telemetry clocks in the
LabVIEW program which would simulate the overlapping Enable Clock shown
in Figure 2-5. If the GSE clocks could be made to look exactly like the real
telemetry clocks, then there would be no uncertainty about the interface circuit
operation in the launch configuration.

The system clock is formed by using an internal 1MHz clock as a
timebase, and dividing it by five to get the 200kHz clock. In order to get the
small overlap in the Enable Clock with the 17th Word Clock pulse, it is
necessary to have a much finer time unit than Sus. The clocks can be constructed
directly from the 1MHz internal clock, which gives a time unit of 1us. Using
this clock for the master system clock would theoretically enable construction of
an Enable Clock which is similar to the real waveform. Unfortunately, when
using a time unit this small, a limitation in the software is reached. This
limitation is described in Reference 8, and occurs when using the high clock
speeds as a timebase for the counters. It becomes impossible to predict if the
counter will synchronize to the timebase in the first period, or if it will require
an additional period to synchronize. This uncertainty makes it impossible to
synchronize all of the telemetry clocks in this application when using the fastest
timebase.

This problem appears to be an inherent limitation in the LabVIEW
software, and an alternate solution is not immediately apparent. The above
method was tried and the clocks were found to be synchronized differently each

time the program was run.
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TABLE 5-2 LABDRIVER LIBRARY VIs

LabDriver VI Reference 8 page number
DIG_Prt_Config 4-7
DIG_Out_Line 4-10
DIG_Grp_Config 4-14
DIG_Grp_Mode 4-16
DIG_BIk_In 4-21
DIG_BIk_Clear 4-26
CTR_Config 6-9
CTR_Square 6-23
CTR_Clock 6-25
RTSI_Conn 7-7
RTSI_Clear 7-10
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C. GSE HARDWARE EQUIPMENT

The two GSE electronic interface boxes synchronize the collection of the
MUSTANG data the same way. The interface is responsible for sending the
handshaking signals to the MIO board, and for synchronizing the first handshake
signal with the first pixel read out in the frame. The circuit diagram for the
GSE interface electronics is shown in Figure 5-30. While this diagram may not
match up pin-for-pin with the existing circuit, it is functionally correct. Figure
5-31 is the timing diagram which shows the control waveforms for the GSE
interface electronics.

The Latch signal is used from the MUSTANG interface as a trigger signal
for generation of the handshake pulse. The Latch is fed into the input of the first
monostable multivibrator, which is programmed to generate a 10.4js positive
pulse on the falling edge of Latch. This pulse is fed into the input of the second
monostable on the same chip which generates a 5.2us positive pulse with the
rising edge of the input. I would have expected this pulse to be generated on the
falling edge of the 10.4us pulse. That would have effectively inserted a 10us
delay in collecting the data. In the current configuration, the 10.4ps pulse serves
no purpose, and is not used. In any case this delay is critical to the proper
collection of data from the MUSTANG.

The 5.2us positive pulse is sent to an And gate which forms the handshake
signal. The other input to the And gate is the output of the D-flip-flop. The
flip-flop is clocked by the Frame Clock, and is rising-edge triggered. When the
Data Acquisition VI is called in the program, the SWITCH signal is set low and
then high by the OUT2 of DIO sub-VI. The SWITCH is on pin 22 of the DIO

connector shown in Figure 5-13. The low-to-high transition of this signal
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triggers a second monostable which produces a negative pulse that is the Clear
input to the D flip-flop. Since the flip-flop has an asynchronous clear input, its
output goes low immediately, and does not go high again until the next Frame
Clock pulse. After the next Frame Clock pulse, the flip-flop sends a logic high
level to the And gate. The And gate output will then be equivalent to the
monostable pulses at its other input.

The key to getting this configuration to acquire data in a synchronous
manner is for the LabVIEW program to be ready to start latching data when the
first handshake pulse occurs. The time delay between the time the LabVIEW
program is executed and the time when it is really ready to accept data at the
DIO ports is not documented in the manuals. Experience has shown that several
frames of data can go by before data is actually collected. This amounts to
several hundreds of milliseconds which is not unreasonable, but it was also not
accounted for in the original design of the GSE interfaces. The duration of the
monostablé pulse that is the flip-flop clear is the critical parameter in making this
interface work.

One frame of MUSTANG data is taken in 51.2ms. The flip-flop Clear signal
was originally set to have a duration of 31ms which is less than one frame. The
duration was adjusted to the maximum possible value of 155ms without
exceeding the maximum resistor value for the monostable. This pulse can be
lengthened further by adding an additional capacitor in parallel. This
modification to both the Lab and the Launch GSE interfaces improved the
reliability of data synchronization considerably, but it is still not flawless.

Additional modifications were also made to the GSE interface boxes in

preparation for the next MUSTANG launch. Both boxes had to be modified to
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accommodate the additional -15V signal for the high voltage circuit which was
added with the new interface circuit. Both boxes also had to be modified to use
the Gain Select signal which was added for the next launch. A mechanical switch
was added on the Lab GSE interface box to allow the user to select the desired
gain for testing and calibration. In the Launch GSE interface box, the Gain

Select signal comes from telemetry, and must be monitored in software.

D. SPARE DETECTOR BOX CONSTRUCTION

A method of testing the MUSTANG interface without actually having to use
the MUSTANG instrument was desired during the course of this thesis work. A
spare Hamamatsu Image Sensor and Driver/Amplifier board were available, so
they were mounted in an aluminum box as shown in Figure 5-32. This provided
the exact same pin connections that exist on the MUSTANG instrument. A
window was cut out of the box to accommodated the photosensitive area of the
image sensor. Various masks could be placed across this window to produce a
geometric pattern in the spectrum obtained when reading out the photodiode
array. This would allow for testing the MUSTANG interface circuit without
having to use the MUSTANG instrument and delicate wavelength calibration

lamps.
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Figure 5-32 Spare Image Sensor Detector used in Interface Circuit
Testing
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VI. FLIGHT QUALIFIED INTERFACE CONSTRUCTION

The next chapter explains how the circuit design described in Chapter IV was
validated. Once the design was validated, it had to be laid out to facilitate the
manufacture of a printed circuit board (PCB). A PCB was necessary for the
final flight-qualified interface circuit. All of the measurements and oscilloscope
photographs shown in the next chapter were performed on the actual printed

circuit boards.

A. PRINTED CIRCUIT BOARD DESIGN CONSIDERATIONS

Several factors came in to consideration when laying out the circuit design
on a PCB. The first factor was the size constraint of the interface flight box
enclosure. The interface box is fixed to the side of the HIRAAS instrument with
four studs that are permanently attached to the titanium plate of HIRAAS. These
studs are centered at the corners of a square that is three and one half inches on a
side. The studs are long enough to accommodate a box that is two and one half
inches high. There is physically enough room for a box that is approximately
four and one half by four and one quarter inches with holes drilled for the
mounting studs. Since the HIRAAS instrument is made of titanium, it was easier
to construct the MUSTANG interface to fit the existing studs than to move the
studs to accommodate a new design. These dimensions put a limit on the size of
the PCB that could be used.

Due to circuit complexity and small area, a four-sided PCB was considered
with a Power and Ground plane sandwiched between two signal trace layers.

The additional features described in Chapter IV that were added to the revised
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interface circuit made it physically impossible to fit all of the necessary
components on a single PCB. The design was spread out among two PCBs which
could fit, parallel to eachother, within the height constraints of the interface box.

The next factor to consider in the design was how to divide the components
up among the two PCBs. All of the components associated with the data
collection were placed on one board. These included the A/D converter, FIFO
memory buffer and the latches. All of the components associated with
generating the proper command signals and the high voltage circuitry were
placed on the other board. The command signals had to be passed to the other
board via some external wires. This is not the most desirable method of
interconnecting components, but could not be avoided in this case.

The final design consideration involved how to distribute power and ground
to all of the necessary components. Appendix D and Appendix E recommend use
of a low impedance ground for external connection of the analog and digital
grounds of the A/D and D/A converters, respectively. The TTL outputs of the
integrated circuits in the interface consist of a pair of transistors in a push-pull
arrangement which generate large current transients during state transition. Due
to the high number of digital signals running around on the PCB, noise spikes
are likely to occur on the power and ground lines. The best way to remedy this
situation is to use a large ground plane on one side of the PCB with bypass
capacitors placed on the voltage supply of every integrated circuit. This results
in much smaller spikes which travel smaller distances on the board [Ref. 11:pp.

599-600].
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B. PRINTED CIRCUIT BOARD LAYOUT

The layout for the two PCBs was performed with a CAD tool on a personal
computer. The Tango PCB Plus software package was used on an IBM
computer. The layout was done by hand on the computer instead of using the
auto-routing feature. The relatively small scope of this design made a hand
layout feasible. This allowed for custom component placement which would give
the shortest signal traces on the board. The boards were designed with a ground
plane on the top layer, or component side of the board and the signal traces on
the bottom layer. A silk screen was added to the top layer to show component
placement, and a solder mask was added to the bottom layer. The layout files for
each board layer were converted to a Gerber file format which was readable by
the PCB manufacturer. The overall PCB composition is shown in Figure 6-1.

Photoplot images of the PCB layers are shown in Figures 6-2 through 6-7.

Components Top Silkscreen Layer
j Ground Plane Layer
Circuit Board
Bottom Signal Trace Layer

Bottom Solder Mask

NN

Figure 6-1 Printed Circuit Board Composition
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Figure 6-5 MUSTANG 2 Top Ground Plane Negative
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C. INTERFACE FLIGHT BOX ENCLOSURE DESIGN

A flight box enclosure was milled from a solid piece of aluminum in two
halves. Each half of the enclosure houses one circuit board, and the two halves
are bolted together for mounting with the MUSTANG instrument. The two
halves of the enclosure are shown in Figure 6-8 and Figure 6-9 prior to
conformal coating of the circuit boards. The PCB mounting screws provide a
low impedance path from the ground plane on the boards to the enclosure casing.
25-pin D-sub connectors interface each circuit board to the MUSTANG wiring
harness. Command signals which must travel between circuit boards are
jumpered across the D-sub connectors. Figure 6-10 shows the flight-qualified
configuration of the flight box enclosure and wiring harness mounted on the
MUSTANG instrument. Pin assignments for the wiring harness are shown in

Figures 6-11 and 6-12.

Figure 6-8 MUSTANG 1 PCB Flight Configuration
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Figure 6-9 MUSTANG 2 PCB Flight Configuration

Figure 6-10 MUSTANG Interface flight Box and Wiring Harness
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Video Data Signal In (coax) | 1 1 | Data Ready In
2 2 | Trigger In
3 3 | Write Out
-15V Instrument Power In | 4 4 1 Encode Out
+15V Instrument Power In | 5 5 | Read Out
Data Ready Out | 6 6 | Word Clock In
Reset Command In | 7 7 | Gain Select In
LatchIn| 8 8
Bit9{9 9 | +5V Instrument Power In
Bit 6 |10 10| +5V High Voltage Power In
(LSB) Bit1]11 11] +15V High Voltage Power In
Bit 5|12 12| Ground (for control voltage)
Bit 3|13 13] Control Voltage Out
14 14| Trigger Out
15 15| Start Command Out
Ground {16 16] Reset Command Out
+5V Instrument Power In |17 17| Latch Out
Encode In |18 18] Frame Clock In
Write In |19 19 Enable Clock In
Read In |20 20
(MSB) Bit 10 |21 21} Ground
Bit 8 |22 22
Bit 723 23| -15V High Voltage Power In
Bit 2|24 24
Bit 4 {25 25

25-pin D-sub Connector
MUSTANG 1 (top)

25-pin D-sub Connector
MUSTANG 2 (bottom)

Figure 6-12 MUSTANG Wiring Harness Connections at Interface Box
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VII. INTERFACE CIRCUIT DEVELOPMENT AND TESTING

Testing of the MUSTANG electronic interface circuit occurred in several
distinct phases. The design of the electronic interface was described in great
detail in Chapter IV. The design, itself, was the subject of the first test.
Although the design stands up to rigorous timing analysis on paper, it had to be
validated with real integrated circuits and wires. This initial validation was done
with a breadboard layout. When this functioned satisfactorily, a wire-wrapped
prototype board was constructed. Since the design flaws of the original
MUSTANG interface circuit were not discovered during laboratory testing, a
foolproof method of testing the revised circuit had to be devised. The only way
to be sure that the interface would function correctly in flight was to test it with
the other flight components. A special trip was scheduled to NASA Goddard
Space Flight Center, Wallops Flight Facility in Wallops Island, Virginia to test
the interface with the Aydin Vector MMP-600 PCM Encoder providing the
clocking signals. Once the circuit operation was demonstrated under flight
conditions, the final flight-qualified circuit was constructed and subjected to

rigorous tests at the formal rocket and payload integration at Wallops Island.

A. ORIGINAL BREADBOARD DESIGN VALIDATION

A breadboard was selected as the first medium on which to layout the
redesigned interface circuit for several reasons. The breadboard is easy to work
with, and provides its own power and some control signals for intermediate
testing. Signal paths are easily traced on a breadboard circuit which aids in

troubleshooting. Several alternatives can be quickly and easily compared by
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plugging and unplugging wires and integrated circuits. The breadboard does
have several disadvantages, however. The circuit layout is inherently messy
since wires must pass over i top of the circuit. The layout is generally very
noisy with long wires adding significantly to stray capacitance. There is a large
amount of coupling between signals which are physically adjacent on the
breadboard.

The advantages above make the breadboard ideal for testing new designs.
The first step was to get familiar with the operation of the different integrated
circuits. Various control signals and outputs were studied for the A/D converter,
D/A converter, FIFO, monostable multivibrator and other integrated circuits.
Once all of the circuit components were fully understood, the circuit described in
Chapter IV was constructed. Some important design considerations were
addressed at this point. The data word to be stored in the FIFO memory was ten
bits wide. The two FIFO integrated circuits could each store nine bits each, and
the two latches could store eight bits each. The bits of the data word had to be
divided between these components. Each component was MILSTD 883 Class B
screened for high reliability, and no one integrated circuit was more prone to
failure than any other. It was decided to split the bits evenly between the FIFO’s
and latches. Relative component placement in the layout was also considered to
ensure short signal pathlength for minimum noise. The bit numbering scheme
for the A/D converter was opposite to the convention used by the rocket payload
wiring diagrams. Care had to be taken to ensure the most significant bit, (MSB),
and least significant bit, (LSB), were kept in their proper orientation when
delivered to the PCM encoder circuitry. A summary of the bit numbering

notation is as follows.
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. %iSnBlg): HAS 1202A Bit 1 (pin 5) = Rocket Payload Connector Bit 9
« LSB = HAS 1202A Bit 10 (pin 14) = Rocket Payload Connector Bit 0
(pin 10)

The breadboard circuit was connected to the GSE described in Chapter 5 and
found to operate correctly. The spare detector box was used as the source of
analog signal input. A mask with three pinholes of various sizes was placed over
the detector window, and a spectrum was obtained with the Macintosh II
computer. The spectrum obtained had three features corresponding to light
from the pinholes reaching the image sensor. The spectral features corresponded
to the size and location of the pinholes in mask. This verified correct operation
of the interface circuit design. The breadboard circuit is shown in Figure 7-1.

The next step was to develop a wire-wrapped prototype circuit suitable for

testing outside of the laboratory.

B. WIRE WRAPPED PROTOTYPE CONSTRUCTION

Wire-wrapped circuits on a good-quality vector board provide a much more
durable and reliable circuit. High-reliability integrated circuit sockets were used
for good connections at all components. Since the MUSTANG interface design
had already been verified, the emphasis in this circuit construction was on circuit
layout and neatness. An attempt was made to place components as they would be
placed on the final flight-qualified printed circuit board. This gave an indication
of the noise behavior of the final circuit with the components operating in close
proximity to one another. D-sub connectors were mounted to the vector board,
and the circuit was tested with the same laboratory GSE. The wire-wrapped

prototype circuit is shown in Figure 7-2.
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Figure 7-2 Wire-wrapped Prototype Interface Circuit
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The main purpose of constructing the more rugged wire-wrapped circuit,
was to allow for transportation to Wallops Island, and testing at the NASA,
Wallops Flight Facility. A breadboard design would never have survived
shipping intact. The breadboard circuit worked as expected in the laboratory
GSE setup. The most important question to be answered was if it would work on
the rocket with the PCM encoder supplying the synchronized clocking signals. A
test was scheduled at Wallops Island, but a foolproof method had to be devised to
ensure that all 512 photodiodes, actually made it to the rocket telemetry section.

Two methods were possible to test the circuit. The first method would be to
hook it up to the MUSTANG instrument, and use one of the wavelength
calibration lamps. The spectral components gathered by the MUSTANG would
then have to be compared to the known spectral characteristics of the lamp. If a
data shift occurred, as in the first MUSTANG flight, then we would know that
data was being lost again. This method did not allow for ensuring that every
single data word was getting through. It would only give a rough idea if the
circuit was working correctly or not.

The second method involved using the spare detector. This eliminated the
need for any type of calibration lamp or the MUSTANG instrument itself. The
test would involve using some type of geometrical pattern on the spare detector.
This alternative relied only on geometry to determine if every data word was
getting through, and looked much more promising than evaluating an ultraviolet
spectrum taken by the instrument. This method was selected as the best way to
test the circuit. Several geometric patterns were evaluated for their ability to

distinguish a single photodiode in the output data.
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The pinhole mask produced a spectral feature that was much too broad to
distinguish a single pixel. Next, a very narrow slit was constructed in front of
the detector window with twe razor blades. The blades were moved slightly
apart at one end to produce a spectrum that looked like a ramp. The ramp
spectrum had enough fluctuations in it to prevent its use in determining if a
single word was lost in the spectrum. Next, the razor blades were used to make
a uniform slit with a very thin wire placed perpendicular to the slit. The shadow
cast by the wire on the image sensor was still approximately five pixels wide.
This was too wide to determine each individual pixel. Finally, a satisfactory test
was devised using a single razor blade and a micrometer rig. This test is

described fully in the next section.

C. PRELIMINARY TESTING AT WALLOPS ISLAND

The prototype interface circuit and all of the GSE were transported to NASA
Goddard Space Flight Center, Wallops Flight Facility in Wallops Island,
Virginia. NASA provided the actual sounding rocket telemetry section for our
use in the tests. The PCM encoder was programmed just as it was for the
MUSTANG sounding rocket flight. The test micrometer rig and the spare
detector were setup as shown in Figure 7-3 and Figure 7-4. The prototype
interface circuit was connected to the PCM encoder, and to the spare detector. A
light source was set up approximately 20 feet across the room to illuminate the
detector. The overhead lights were turned off for the duration of the test
described below.

A razor blade was attached to the micrometer with its edge vertical. The

spare detector was positioned behind the razor blade relative to the light source.
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Figure 7-3 Electronic Interface Prototype Circuit and Spare Detector

Figure 7-4 Micrometer Rig and Spare Detector Test Setup
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The micrometer travel was horizontal so that as the razor blade moved, it
obscured from the light source each successive photodiode on the image sensor.
1. Testing of the Original Electronic Interface Circuit

The first test conducted with the micrometer test rig was of the original
MUSTANG interface circuit. In order to validate past analysis on the
MUSTANG flight data, it was desired to verify that every 17th data word was
really dropped out. It was also desirable to determine if any extra data words
were really dropped out, and if so, the location in the spectrum of the lost words.
The 512 data words from the original MUSTANG interface were observed on
the ground station computer. The micrometer was translated in 50um
increments, since that is the pitch of an individual photodiode on the linear image
sensor as described in Chapter II. The photodiodes in the linear array that were
exposed to the light, produced a uniform value at the output observed in the
telemetry computer. The photodiodes in the shadow of the razor blade produced
a significantly lower value at the output. It was possible to determine from the
output observed on the telemetry computer, the location of the razor blade edge
to within a single pixel location. This made it possible to uniquely identify every
single pixel in the spectrum produced by the image sensor. As the micrometer
was rotated another SOum, one pixel in the output would go from a high to a low
value indicating that it was being shaded by the razor blade. A slight amount of
diffraction was exhibited by the light passing the edge of the razor blade, but
each individual pixel could easily be identified in the output.

When the micrometer was translated, and the computer output did not
change, there was indication that the data from the photodiode at that location

was being lost. The test verified that every 17th data word in the spectrum was,
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in fact, lost as suspected. Three additional data words were found to be lost
from the spectrum at pixel locations 103, 240 and 376. This data loss was
exactly as predicted in the data analysis performed on the MUSTANG flight data
[Ref. 3:p. 72]. The v..u'.5 of this test are summarized in Appendix L. The
location of ait lost data words in the spectrum is identified in this Appendix,
along with the corresponding wavelength for each pixel. This data assumes
3.133A wavelength per pixel.
2. Testing of the Revised Electronic Interface Prototype Circuit
The revised electronic interface circuit was tested under the exact same
conditions as the original circuit described above. The micrometer rig was
moved over the entire length of the image sensor. Every single photodiode was
found to be represented in the output spectrum indicating that no data words
were lost. This test positively verified the functionality of the revised interface
circuit. The next phase of development was to produce the printed circuit boards
described in Chapter VI for construction of the final flight-qualified interface

circuit.

D. VALIDATION OF FLIGHT-QUALIFIED CIRCUIT

Several copies of the two printed circuit boards were manufactured by West
Coast Circuits, Inc. in Watsonville, California. High-reliability integrated circuit
sockets were used with the first set of printed circuit boards. The circuit boards
were secured in the flight interface box and attached to the MUSTANG
instrument. The circuit was verified to operate properly when tested from the
laboratory GSE setup. The clock synchronization waveforms produced by the

GSE were discussed in Chapter V All other control waveforms generated by the
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interface circuit are presented in this section for verification of proper
operation.
1. Driver/Amplifier Board Signals

The Hamamatsu Driver/Amplifier circuit within the MUSTANG
instrument needs only two control signals for its operation, a system clock and a
start command. The system clock is the same as the Bit Clock produced by the
GSE as shown in Figure 5-2. The Start command is produced by the interface
circuit and is shown, along with the Frame Clock, in Figure 7-5. The Start
command is produced by a monostable multivibrator as described in Chapter IV.
It was configured to be a positive pulse of approximately 6.53us duration
triggered by the rising edge of the Frame Clock pulse. The Frame Clock as
described in Chapter V, is high for one data word in 1024. The duration of the
Frame Pulse is 50us and the period is 51.2ms. The Start pulse in Figure 7-5
rises with the rising edge of the Frame Clock pulse and falls approximately 6.5us
later, as designed. The Reset command, shown in Figure 4-1, is used to reset the
FIFO memory at the beginning of each frame of data. It is derived from the
complementary output of the same monostable that generates the Start pulse.
The Reset pulse is just the inverted signal of the Start pulse and is not shown
here.

The Hamamatsu driver/amplifier circuit provides the Trigger signal
which pulses high each time the analog signal read out from a new photodiode is
stable. The Trigger pulse duration is Sus and a new pulse occurs every 20ys.

The Trigger signal is shown in relation to the Bit Clock in Figure 7-6.
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2 V/div

2 V/div

10 ps/div

Figure 7-5 Frame Clock (top) and Start Command Signal (bottom)

2 V/div

2 V/div

5 us/div

Figure 7-6 Bit Clock (top) and Trigger Signal (bottom)
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2. Data Acquisition From the MUSTANG Instrument
The data from the MUSTANG instrument is in the form of an analog
voltage. The analog signal is referred to as Video Data. This analog voltage is
delivered to the interface circuit via a coaxial cable, and must be accepted when
the Trigger control signal is high. The command signals discussed in Chapter IV
for digitizing and storing the analog voltage are shown in this section.
a. Command Signals

An Encode command is generated with a monostable multivibrator
on the rising edge of the Trigger signal. This command pulse tells the A/D
converter that the analoo input voltage is constant, and ready to be digitized.
The positive Encode pulse was configured to have a duration of 525ns and is
shown in Figure 7-7 along with the Trigger signal that initiates it.

The Data Ready signal is a positive pulse generated by the A/D
converter. The Data Ready pulse goes high after the Encode pulse goes high to
signify that the data conversion process has started. Data Ready goes low when
the data conversion process is complete signifying that the digital word
representing the analog signal has been latched and is available at the output pins.
Figure 7-8 shows the Data Ready signal compared to the Trigger signal. Figure
7-9 shows the Data Ready signal compared to the Encode command signal. The
Data Ready signal is supposed to go high approximately 60rs after the rising
edge of the Encode command, and this is verified in Figure 7-9. The data
conversion in the A/D converter is supposed to take no longer than 1.46us plus
the duration of the encode command. Figure 7-9 shows that the data conversion

is complete in approximately 1.80us, which is well within the specification.
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2 V/div

2 V/div

1 ps/div

Figure 7-7 Trigger Signal (top) and Encode Command Signal
(bottom)

2 V/div

2 V/div

1 ps/div

Figure 7-8 Trigger Signal (top) and Data Ready Signal (bottom)
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2 V/div

2 V/div

0.5 ps/div

Figure 7-9 Encode Command Signal (top) and Data Ready Signal
(bottom)

2 V/div

2 V/div

0.5 ps/div

Figure 7-10 Data Ready Signal (top) and Write Command Signal
(bottom)
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The Write command signal tells the FIFO that the digital data out of
the A/D converter is valid and should be latched into the FIFO. This negative
pulse is also generated by a monostable triggered from the falling edge of the
Data Ready signal. The Write command signal is shown in relation to the Data
Ready signal in Figure 7-10. The Write pulse duration was configured to be
0.98us, and it is verified to be just less than one microsecond in Figure 7-10.
Close inspection of this figure reveals that there is a noticeable propagation delay
for the monostable in generating the Write command pulse. The falling edge of
the Write signal occurs several tens of nanoseconds after the falling edge of the
Data Ready signal as predicted in Figure 4-2.

Another feature apparent in the Write command signal of Figure 7-
10 is the significant noise present in the first 0.5us of the oscilloscope trace.
This noise is due to the Encode command which goes low at that time. This can
be verified from Figure 7-9. This noise, while significant, does not cause any
problems in the control of the interface circuit. The noise is in no danger of
being interpreted as a false Write command signal. This digital noise did,
however, find its way into the analog voltage signal from the MUSTANG
instrument which had to be corrected in the final design.

b. Digital Noise Imposed on the Analog Voltage Signal

In the original MUSTANG interface circuit, the digital and analog
grounds were all connected together via a ground plane which filled one side of
the printed circuit board. This meant that any digital noise caused by transitions
in all of the command signals, could reach the analog voltage signal through the
ground plane. In an effort to prevent this noise in the analog signal, the coaxial

shield around the analog signal line was not connected from the driver/amplifier
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circuit to the SMA connector on the MUSTANG instrument. This intended fix,
in fact, had the opposite effect. The analog voltage signal produced by the image
sensor on the driver/amplifier circuit is referenced to an analog ground on the
driver/amplifier board. The analog ground is tied to the digital ground on the
driver/amplifier circuit, and this cannot be altered. The analog voltage signal
traveled down a coaxial cable to the interface circuit to be digitized by an A/D
converter. The ground, that this analog signal was referenced to, was not passed
to the interface circuit, but was interrupted by the open circuit at the SMA
connector on the MUSTANG instrument.

Effective signal grounding and shielding is a complex science to the
extent that it could almost be called an art. The ideal system ground would be a
single point. Since circuits and components have physical size, a point ground is
not feasible. Instead, the ground must be distributed around to all components
on a plane, through wires or through metal casings of circuit enclosures and
instruments. This leads to multiple paths or loops in the ground paths between
components in the system. The ground elements are therefore exposed to
magnetically induced currents and other phenomena which result in potential
differences throughout the ground system.

In the case of the original MUSTANG configuration, the ground
that the analog signal was referenced to was not at the same potential as the
ground on the interface circuit. The coaxial cable in the spare detector box is
not grounded to the box itself. This is the same as the configuration in the
MUSTANG instrument. Figure 7-11 was obtained using the Video Data signal
out of the spare detector circuit and the revised interface circuit. The Video

Data signal of approximately two volts is shown in reference to the Trigger
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signal. The Trigger signal initiates all of the data conversion process, indicating
that the analog voltage is stable. There is clearly a lot of noise in the analog
signal while the Trigger signal is high. Voltage swings of the noise spikes are
nearly one volt peak-to-peak, and are due to the digital transitions of the control
signals as will be explained later. The spikes are so large simply because the
ground potential at the driver/amplifier circuit is not the same as the ground

potential at the A/D converter.

2 V/div

1 V/div

5 ps/div

Figure 7-11 Trigger Signal (top) and Unreferenced Video Data
Signal (bottom) before connecting coaxial shield

140




c¢. Modifications to Reduce Noise in the Analog Voltage

Signal

The first correction to decrease the noise present on the analog
signal was to reconnect the coaxial shield from the driver/amplifier circuit to the
SMA connector on the MUSTANG instrument. This ensured a contiguous
ground shield from the origin of the Video Data signal, all the way to the A/D
converter. The results of this modification were rather spectacular, and are
shown in Figures 7-12 and 7-13. These figures were obtained by viewing the
Video Data signal from the MUSTANG instrument with only instrument power
applied. The high voltage circuit was not energized, so the instrument output
was due only to dark current. The Video Data signal amplitude is only about
80mV, and the noise has been reduced to approximately #40mV. This is a very
significant improvement.

The origin of the noise spikes can easily be determined from the
figures. Figure 7-12 shows the Video Data signal in reference to the Encode
command signal. The Encode command pulse transitions are responsible for the
first two noise spikes on the Video Data signal. Figure 7-13 shows the Video
Data signal referenced to the Data Ready signal. The falling edge of the Data
Ready signal is responsible for the next noise spike visible in the Video Data
signal. The fourth noise spike is due to the rising edge of the Write command
pulse which is not shown in these figures. Close inspection also will show that
there are smaller noise spikes that occur at 2.5us intervals which correspond to
transitions of the Bit Clock.

The ten most significant bits are being used on the A/D converter

which is set for 8.24V full scale. This corresponds to approximately 8.05mV
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2 V/div

50 mV/div

20 ps/div
x10

Figure 7-12 Encode Command Signal (top) and Video Data Signal
(bottom) after connecting coaxial shield

2 V/div

50 mV/div

20 us/div
x10

Figure 7-13 Data Ready Signal (top) and Video Data Signal (bottom)
after connecting coaxial shield
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resolution in the digitized signal. The noise observed in Figures 7-12 and 7-13
indicates that the low three or four bits would vary with noise. After the Encode
command pulse goes low, the analog voltage signal is relatively noise free until
A/D conversion is complete. This allows for a quiet environment in which the
current-output D/A converter, successive approximation register and high speed
comparator can digitize the analog signal within the A/D converter. Pulldown
resistors were placed on the four least significant bits to aid in sinking current
for transitions in a noisy environment as suggested in Appendix D. All of the
noise that occurs in the analog signal after the digitizing is complete is not of
concern. The digital data bits are latched in the successive approximation
register with the falling edge of the Data Ready pulse.

One additional attempt to reduce the noise on the analog voltage
signal was to separate the analog and digital ground at the interface circuit. It
was hoped that isolating the analog ground of the A/D converter from the digital
ground plane of the interface circuit would reduce the noise seen in Figures 7-12
and 7-13. A porticn of the ground plane on the printed circuit board was carved
vut to accommodate the analog ground pins of the A/D converter and the same
measurements were taken. Unfortunately, this resulted in slightly higher
amplitude noise spikes. The recommendation of Appendix D, for a low
impedance ground plane to connect the analog and digital ground pins of the A/D
converter, was followed, and the ground plane was left intact on the flight-
qualified interface circuit boards.

3. Data Transfer to the PCM Encoder
As mentioned in Chapter IV, this portion of the interface circuit was the

most important as far as timing analysis was concerned. The gated Enable
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signal was created to be synchronous with the falling edge of the Word Clock.
This is shown in Figures 7-14 and 7-15. These figures show the gated Enable
signal in reference to the Word Clock. The gated Enable signal rises with the
falling edge of a Word Clock pulse, and falls with the falling edge of the Word
Clock for the 17th data word.

The Read command signal is shown in reference to the gated Enable
signal in Figures 7-16 and 7-17. This is the most critical signal in the interface
circuit since it was the source of data loss in the original MUSTANG interface
circuit. The first Read command pulse is shown in Figure 7-16, and it goes low
immediately with the rising edge of the gated Enable signal. This validates the
design described in Chapter IV. All 16 Read command pulses were counted
while the gated Enable signal was high on the expanded time scale mode of the
oscilloscope. No glitch of any kind is apparent on the Read command line from
Figure 7-17 after the gated Enable signal goes low. This verifies that no extra
Read command pulses will be generated in the interface circuit; therefore, no
data will be lost.

The negative Read command pulses were created from a monostable
multivibrator, and configured to be 2.8us in duration. The Read pulse was
triggered on the rising edge of the inverted Word Clock which is shown by its
relationship to the gated Enable signal in Figure 7-16. The duration of the Read
command pulse is verified in Figure 7-18 where the Read pulse is shown as
compared to the Latch command pulse. The positive Latch pulse is also
generated from a monostable triggered from the same edge as the Read pulse.

The Latch pulse duration was configured to be 2.1us. Figure 7-18 shows that the
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2 V/div

2 V/div

0.1 ms/div
%10

Figure 7-14 Word Clock (top) and Gated Enable Signal Rising Edge
(bottom)

2 V/div

2 V/div

0.1 ms/div
x10

Figure 7-15 Word Clock (top) and Gated Enable Signal Falling Edge
(bottom)
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2 V/div

2 V/div

0.1 ms/div
x10

Figure 7-16 Gated Enable Signal Rising Edge (top) and Read
Command Signal (bottom)

2 V/div

2 V/div

0.1 ms/div
x10

Figure 7-17 Gated Enable Signal Falling Edge (top) and Read
Command Signal (bottom)
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2 V/div

2 V/div

1 ps/div

Figure 7-18 Read Command Signal (top) and Latch Signal (bottom)

Read pulse ended up about 3.2us, and the Latch pulse about 2.3us which fulfills
the requirements of the circuit design in Chapter IV.
4. Instrument Gain Control Voltage
The instrument gain control voltage was measured with a multimeter at
the output of the D/A converter. The measured voltages listed below are
consistent with the calculated voltages from Figure 4-5.

» Measured High Gain Control Voltage = 9.706V
» Measured Low Gain Control Voltage = 9.394V

Due to the extreme sensitivity of the instrument gain to this control
voltage, it was imperative that this analog voltage be noise free. The analog
voltage was observed on an oscilloscope, and a significant amount of noise was

present. This noise was believe to be a product of the test setup. A differential
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measurement was performed using the oscilloscope and two probes with their
leads twisted together. No noise was observed beyond the accuracy of the

measurement which was 20mV peak-to-peak.

E. ROCKET INTEGRATION TESTING AT WALLOPS ISLAND

The MUSTANG instrument was taken to the Naval Research Laboratory
where it was integrated with the HIRAAS instrument. The MUSTANG
physically attaches to the side of HIRAAS in the Experiment section of the
rocket. It was tested in this configuration with the Launch GSE supplyin
telemetry clocks, and was found to function without problem.

The rocket Experiment section was transported to Wallops Flight Facility for
the full rocket integration testing. All sections of the rocket were first connected
electrically, and a series of sequence tests were performed. The sequence test
performs an actual launch countdown, and all flight timers and relays are tested
to ensure that the preprogrammed events happen according to the flight schedule.

A brief summary of major flight events are as follows.

* -120seconds Begin countdown

« -30seconds Rocket on internal power

» 0 seconds Terrier ignition

* 12seconds  Black Brant ignition

e« 44seconds Black Brant burnout

» 60seconds Rocket despin

e 63seconds Payload separation

» 66seconds Nose cone eject, Experiment section door opens
o 85seconds MUSTANG instrument power applied
+ 96seconds MUSTANG high volts power applied
e 293 seconds Switch to high gain

e 490seconds Switch to low gain
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* 510seconds MUSTANG high volts power off, close door
» 516seconds MUSTANG instrument power off
e 605 seconds Deploy parachute

The MUSTANG performed with no problems during all of the sequence
tests. All sections of the rocket were then bolted together in their final launch
configuration for environmental testing. The environmental tests determine the
mechanical characteristics and integrity of the rocket and payload. These tests
consist of the following.

* Moment of inertia determination
*  Weight determination

+ Center of gravity determination
» Spin balance

* Three-axis random vibration tests
» Operational spin test

Following environmental testing, the rocket is subjected to another series of
sequence tests to ensure that it still functions properly after all of the mechanical
tests. The MUSTANG passed all of the integration tests and is ready for launch
in February 1992.
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VIII. CONCLUSIONS

The success of MUSTANG on the NASA sounding rocket experiment in
March, 1990 has established NPS and the MUSTANG project in the scientific
research community. The rocket flight produced the best measurements to date
of ultraviolet emissions in the earth’s ionosphere in the middle ultraviolet
wavelength region. Despite the success of this flight, some problems with the
electronic interface package were manifested in the telemetry data recovered
from the flight. Continued NASA support for the joint NPS and NRL research
is exhibited in the scheduling of a second sounding rocket experiment
(36.088DE) for the MUSTANG and HIRAAS instruments which will launch in
February, 1992.

A. SUMMARY OF MUSTANG DEVELOPMENT

This thesis involved redesign of the MUSTANG electronic interface package
to prevent the data dropouts which occurred during the first sounding rocket
flight. An in-depth analysis of the MUSTANG instrument and the sounding
rocket components was necessary to determine the cause of the data dropouts and
to formulate a new circuit design. The interface circuit redesign included the

following major elements.

« Review of the operational limitations of the MUSTANG instrument and the
PCD linear image sensor to determine necessary interface requirements.

+ Review of the interface requirements for the NASA-provided PCM
gncoder which was believed to be the cause of the majority of the data
ropouts.

+ Study of the original MUSTANG interface electronic interface circuit to
locate possible sources of faults which would lead to data dropouts
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» Propose a new circuit design which would interface with existing rocket
experiment hardware to reliably transfer data to telemetry during
rocket flight without the risk of data dropout.

» Construct a prototype of the revised interface circuit, and validate its
proper performance through testing in the laboratory.

» Determine the cause of the data dropouts with the original interface circuit
through testing at Wallops Flight Facility with an actual telemetry section
from a sounding rocket. Additionally, verify proper performance of the
revised interface circuit prototype with the same test setup.

» Design and fabricate the final flight-qualified components, and install them
on MUSTANG

» Participate in the formal payload integration for NASA sounding rocket
flight 36.088DE in October, 1991 at Wallops Flight Facility in Wallops
Island, Virginia to ensure the proper operation of MUSTANG in the flight
environment.

e Design and implement all changes in the MUSTANG GSE hardware and
software necessary to support the revised interface circuit. Additionally,
implement changes in the GSE to make it more user friendly for new
students unfamiliar with the operation of MUSTANG.

Participation in the MUSTANG development and integration provided NPS
students with an informative view of the scientific research community as well as
the DoD program environment. The opportunity to work with NPS faculty,
NRL scientists and NASA technicians and engineers in this research project
provided insight not attainable in the classroom environment. The exposure to
such areas as program management, production scheduling, parts procurement,
compatibility design, component integration and electronic noise reduction
provided by MUSTANG research is essential to the development of the

engineering student.

B. PROSPECTS FOR FUTURE ENHANCEMENTS AND FOLLOW
ON THESIS WORK

The MUSTANG electronic interface circuit constructed as a result of this
thesis work performed flawlessly during payload integration for NASA rocket

experiment 36.088DE. The MUSTANG instrument is expected to operate
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without incident on the upcoming launch in February, 1992. Data recovered
from the upcoming launch are expected to be even better than the first launch,
with no data dropouts to complicate analysis. The only component of the
MUSTANG project that is below optimum performance is the launch GSE
interface box. Future enhancements could concentrate on improving the
performance of this piece of GSE hardware. The current design is adequate, but
a concentrated effort would be necessary to bring this piece of GSE equipment
up to desired performance. The MUSTANG instrument is tentatively scheduled
to make one additional NASA sounding rocket flight following the upcoming
scheduled launch. This additional launch would make the upgrade of the launch
GSE a worthwhile topic of research for an interested Space Systems Engineering
student with an Electrical Engineering background.

Additionally, the MUSTANG instrument is to be one of many instruments
launched on the Air Force P91-1 satellite in the Fall of 1995. The MUSTANG
will be delivered for integration on the satellite in the Fall of 1994. The
opportunity for future work by NPS students on the MUSTANG project is
guaranteed and wide in scope. The interested Space Systems Operations student
could follow the program management and integration of an actual NPS
instrument onto a low earth orbit satellite. The interested engineering student
could get involved with the design of the flight microprocessor-controlled
MUSTANG interface with the satellite bus. Substantially different data
acquisition and storage methods, and time-shared data transfer will provide a
great deal of future research work. As long as the MUSTANG continues to be

successful, there will always be a need for research in the analysis of the data it
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provides to validate current photochemical models of the ionosphere, and to

determine ionospheric electron densities.
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APPENDIX A

HAMAMATSU PCD IMAGE SENSOR TECHNICAL DATA
PCD LINEAR IMAGE SENSORS
HAMAMATSU | 52300 SERIES

TECHNICAL DATA (50um x 5.0 mm Aperture Size)

The $2300 series PCD linear image sensors are monolithic
seif-scanning photodiode arrays designed specitically
for applications in multichannel spectroscopy. The scan-
ning circuit 1s constructed by a Plasma-Coupled Device
(PCD). This scanner is a novel bipoiar static shift register
and is operatable with a single low power supply voltage.
PCD image sensors feature low spike noise, !arge sen-
sitive areas. and high UV light sensitivity that allow high
SIN ratios even in low-light-level detection applications.

The photodiodes of the $2300 series are arrayed in a rfow
with 50 um center 10 center spacing and 5.0 mm height.
The sensitive area is twice as large as the S2301 series,
thus weil suited for low-light-level detection requiring high
sensitivity. Three different numbers of photodiodes, 256
($2300-256Q), 512 (S2300-512Q). and 1024 (S2300-1024Q)
are ava:lable. Quartz g ass s the standard window materiai.
(Fiber optic window types are aiso available.)

FEATURES
WIdo photosensitive area; 50 .m x 5.0 mm
roiu-typo image sensor
de opornlnghmquoncy. DC to 2MHz -
OP.r.'.bl. w“ low vo".g.' ‘Ing‘. pow.r From left: $2300-256Q. $2300-512Q. $S2300-1024Q, $2300-1024F

oE c Inpun (start pulse, shift clocks) are
TTL compatible (open collector type)

Low capacitive switching noise

High UV nnsmmx

High output linearity and uniformity

Low dark current and high saturation
charge sliow a long integration time for a
wide dynamic range even at room
temperature.

* o 00

IMAGE SENSOR STRUCTURE ‘

The PCD tinear mage sensor iS @ monolithic integrated circuit con-  Figure 1: Equivalent circuit |
structed with photodiode arrays, PCD shift register and switching tran- s o ;
sistors for addressing the photodiodes. Fig.1 shows the equivalent cir- PR
cuit

The PCD shift register 1s a static type self-scanner that transfers an
aadressing pulse along the chain driven by a synchronized three phase .
clock. Each output pulse (negative polarity) trom the PCD shift register s & t.,. “snoer §)
then fed ‘o the base etectrode of each p-n-p switch in the video circuit. i :
Photodiodes act as the emitters in these lateral transi8tors, and operate
in the charge storage mode. Therefore the outputs are proportional to
the product of the iltlumination intensity and repeated scanning period. Figure 22 Sensor geometry

As shown in Fig.1. the eguivalent circuit of $2300 series 18 very simple, , . R
no dummy photodiode 1S necessary and the signal is available from onty .l \~.1 1; Nt

L ) %7 _—
‘s @

I

tees

< { N (

one row as a sequential output. Furthermore the uniformity and purity of

the signai 1s high. making it possibie to measure the light intensity more ’T "\I

accurately with a simple penipheral driving and signat processing circuit.

F1g 2 shows the sensor geometry. The photodiodes consist of diffused e . S
p-type regions in n-type silicon substrates. The charges generated :n voTINHZE - Kom - e
these two reqions are collected and stored on the assocrated P-N junc Yo = .-
tion’s capacitance Juring the ntegration perivd. The p-type diffused ‘J (SR L‘“ -~
regron 1S spec:ally processed to have high sensitivity in the UV region NELITN '

and iower gai« leakage current.
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PCD LINEAR IMAGE SENSORS S$2300 SERIES

MAXIMUM RATINGS

Supply Voitage 10V
Operating Temperature -301t0 +85°C
Storage Temperature -40 to +125°C

ELECTRICAL CHARACTERISTICS (at 25°)

Paramaeters Symbois mm,.”_”‘gu mwmﬂau Mm,,;"‘:u Units
Supply Voltage Vee 3 5 7 3 S 7 3 5 7 A
Driving Phase ‘ ' 3 ! 3 ; 3 phase
Shift Puise Voitage®’ . VshiH) 40 S5 55 40 5 55 40 S5 55 v
Vsh L) 0.8 0.8 0.8 \
Start Pulse Voitage Vs Vee . Vee Vee v
. V¥swm 08 08 08 v
Operating Frequency f DC 2 - DC 2 .0C 2 MH2z
Photodiode Capacitance Cp . 8 8 8 pF
Video Line Capacitance Cv . 25 40 50 pF
Power Consumption*' P 30 ' 30 30 . mW
Photodiode Dark Current*’ 1d 4 10 4 10 4 10 pA
*1. At Vee =5V
OPTICAL CHARACTERISTICS Figure 3: Typical spectrai response
Spectra) Response (20% ot peax; 200 to 1000 nm
Wavelength of Peak Response ____600nm
Saturation Exposure Esat”’ 50 miux-sec
Saturation Charge Qsat 37 pC
Sensitivity Uniformity*? within = 5%

*1:. At Vee =5V
*2: 50% of saturation. exciuding hirst element

Figure 4 Output charge vs. exposure

Figure 5. Dark gutput charge vs. storage time
temperature dependency

—

ChAbG) gt

ViaRR i Th
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DIMENSIONAL OUTLINES AND PIN CONNECTIONS (Dimensions in millimeters)

$2300-256Q $2300-512Q

SENS T G aREa
- 4 - -—

@377 - tzc

PEC RN

v

SENSIDIVE ANt A

]

|

A

e

o
SENSITVE AREA
Il

Ll
'i

ﬂ

Carug

: Tzl -
! iz zz
T FF ¥ E
- 4~ - - 24—
$2300-1024Q
JENNA T LE aRta
- . — N - Vo Video Output
) x Two Vo are connected inside the
< T oS T \ element. :
3 ' 3 — {
: P v ~ . vee Power Supply Voltage :
ER R S aa N __GND__| Ground (0V) '
Z — TN . St : Start Pulse Input (TTL compatidle)
S [ ' Clock Pulse Input (TTL compatible)
E0S | Enoof Scan -

Negative C-MOS compatible !
Obtainable at the ciock timing just |
after the iast element 1s scanned.

NC . No Connection
| Trus should be grounded

- - - - a4 -
Dos Mechanical Specifications
- $2300 | $2300 | 82300
( Paremeters [ 2500 | -5120 [.w)d
] o Number of photodiodes 256 | 512 . 1024 -
e BN U Pitch (um) 50 K
K TAperture (um) 50 = 5000 :
Number of pins 22 . 28 . 40
~Window material” Quartz
“Net weight () .4 7 5 | 8

*Fiber optic window available
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PCD LINEAR IMAGE SENSOR S2300 SERIES

DRIVING AND AMPLIFIER CIRCUIT

The clock pulse timing and circuit parameter requirments
for driving the $2300 series PCD image sensor are
shown n Fig.6 and Fig.7. To operate the PCD smift
register requires a start puise to imtiate the scan and
three phase clock o drive sequentially. The polarity of
the start pulse has 1o be negative and the ciock puises
must be positive. These puises are TTL compatible. The
start puise needs at least 500 ns duration hme and a
minimum of 200 ns overiap with the clock pulse @1 to
start the scan. it 18 not aiways necessary to overlap
¢lock pulses each other. but if a gap of morethan 100 ns
1S presented. scanning will disable.

An apen coltector type TTL i1s used to drive the PCD
stift register The voitage revel of the start and shift

Figure 8: Timing diagram (3-phase drive)

S s — ——— e
—— —

. ——

— —_
-

. —_—— — i — —_
S T

3a Aeie — — — — - -—
———— e

pulse are determined by Vs and Vsh respectively. To
provide stable operation of the shift reqgister. it 1s
necessary to select an optimized injection current con-
troiled by resistances R, and Ry. Typical vaiyes of these
driving parameters are shown in Fig.7 and the etectrical
charactenstics table.

To detect low light levels with good finearity, video
current integration with a charge-amplifier 1s recom.
mendable. Fig.7 shows this type of signai extraction
with this circuit. the charge-amplifier is reset 1o ground
prior to address each photodiode multiplex switch.
When the switch 1s closed. signal charge flows into
capacitors in the integration circuit. The output wave
form is a box car shape.

Figure 7: Driving and ampiifier circuit

¥C. VSP anc /s are operaiable with the same suDOy voitage
Tvhica raiyes of the parameters
CE 2+F R 55uQ R2 ¢70Q

RELATED DEVICES
+52301, $S2304 Series PCD Linear image Sensors

Hamamatsu provides other sensor geomet~es for the PCD linear \mage sensors. The $2301 series has
photodiodes of 50 um <« 25 mm ang the S2304 senes has those of 25 .m » 25 mm. Types with 128 to 1024
ohotodiodes are avalable

*Driver/Amplifier Circuits tor PCD Linear Image Sensors

Drivar ampiihier circuits *or PCD cmage sensars are available These Iiccuts need only a start putse. master
clock puise. - 5V and = 15V power supply to drive the FCD image sensor The video outputis a voitage output
processed by a charge-amplhifier Pulse generater for these driverampiifier crecuits and data grocessing umit
for A/D conversion are alsc available

HAMAMATSU

"AMAMA‘SU PHCTONICS # m S0 3 State Dhvs on

T8 chooihe Hamamarsy $ oy 438 Japan Teern e DS 3E AT Fas 833160 3T 3222 oY
. 54 Hamamatsy Soroorar o 36C Coot™t R0ad P C Bee 597 S-agewater N 2885709°7 Tz epnore 200 231096C Tax 200 237 '519
A Germar, Hamamars, PRotsnics Seutscmane G A-ipergersts ‘G D806 Herrsc aT™ Armarsee “aepnone 081522752 Fax (8152 2658

framce Hamamarse PRotorics Frarze 4950 Sue de a .atre 30720 Mortrocge Tesar~ate * a5 554 VS8 Fax 01 4655 36 3

JJL 87
T 2000 Printed in Japan
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APPENDIX B

HAMAMATSU DRIVER AMPLIFIER TECHNICAL DATA

OPERATING INSTRUCTIONS FOR EVALUATION BOARD

HAMAMATSU PHOTONICS K.K.
SOLID STATE DIV.

SD29-890717-0051201.
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OPERATING INSTRUCTIONS FOR EVALUATION BOARD

GENERAL

This is low noise driver/amplifier circuit for Hamamatsu PCD Image Sensors
{$2300-512Q,~512F).

The PCD image sensor is a monolithic self-scanning photodiode array. Its scanning
circuit is constructed by Plasma-Coupled Device(PCD).

This driver/amplifier circuit provides a scanning pulse "Start” and a three phase
clock "¢ 1, ¢ 2,$3" to drive the PCD image sensor, and includes a charge-amplifier to
output the vidao signal “Video Data” in the charge integration mode.

FEATURES

@ Simple operation; a start pulse, a master clock pulse, 45V and t 15V required.
@ Low noise confignuration.
@ Structure allows for easy cooling and optical alignment.

SPECIFICATIONS

INPUTS ; Supply voltage: + 5 Vdc at 150mA
+15 Vdc at 25mA
-15 Vdc at 25mA

Start: TTL pulse, positive level sensgitive. Minimum duration 500 nsec.
Used to initialize the circuit and initiate the shift register in the
PCD image sensor.

CLR: TTL pulse, rising edge sensitive. Maximum frequency 250 KHz.
sed to syncronize the circuit and the shift register in the PCD
image sensor.

OUTEUTS  Trigger: 1 S-TTL anmpatible, pogitive pulse.
Avadatle as a start signal for S/H and A/D conversinn (nptional),
HoFTS: HS-rNOS compntible, negative pulse.
Avmiiable immediatly after scannming at the last pixel is completed.

Can be used as end of A/D aquisition.

Vider~ Monjtor: Negative voltage output.
This ¢utput is the integrated PCD viden current signal.

“rden Tata: Positive voltage output.
it is the processed signal of the "Video Monitor ™,
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SETUP PROCEDURE

Setup for the evaluation system is shown in Figure 1.

1) Power supply connection

Power, as specified under specifications, must be supplied to the driver/amplifier

citcuit inputs.

2) Pulse generator connection

The "Start” pulse and the "CLK" pulse, as specified under specifications, must be
supplied to the driver/amplifier circuit inputs. (C2335 "Hamamatsu Pulse Genera-
tor” available and can be connected to the two timing inputs respectively.)

The integration time is preset by the "Start” pulse interval while the readout time
of each pixel is preset by a "CLK" frequency.

3) Oscilloscope connection

The "Start” pulse input (from C2325 or other clock) is connected both to the C2325
board and to the EXT. TRIG. input of the oscilloscope.
The "Video Data"” signal output is the connected to the input of the oscilloscope.

1) S/H and A/D converter connection (optional)

The "Trigger' pulse output can be used as the logic input of S/H and A/D
converter. The "Video Data” signal output is then connected to the analog input of

the S/H.
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ALIGNMENT PROCEDURE

The driver/amplifier circuit assembly is shown in Figure 2.

REMARK: Use an oscilloscope to monitor the "Video Monitor” or the "Video Data" signal
output without any light being illuminated on the photodiode array.

1) Zero level ad justment 1:

Adjust VR2(100K Q) until the reset level comes to osacilloscope ground level.

GND Level

before adjustment

GND Level

after adjustment

2) Fluctuation (caused by Power supply) cancellation ad justment:

Adjust VR3(1K Q) until the fluctuation of the “"Vedeo Data" signal is minimized.

](———91 Readout period

beforc ad justment

GND Level

atter ad justment

GND Level
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3) Switching noise cancellation ad justment:
Adjust VR1(10K Q) until the amplitude of the spike noise is minimized.

before adjustment

GND Level

after adjustment

GND Level

4) Zero level ad justment 2:

Adjust VR4(10K Q) until the clampling level comes to oscilloscope ground level.

before adjustment

GND Level

after ad justment
GND level
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REMARKS
If the evaluation system is not operated, regularly check the following items:

1) Are the “Start” pulse and the "CLK" pulse supplied to the driver/amplifier circuit
inputs as prescribed under specifications ?

2) 18 the scanning pulse "Start” supplied to the PCD image sensor ?

3) Is the high level of the three phase clock ( ¢ 1, ¢ 2, ¢ 3) according to "Figure 3
Timing Diagram” ?

4) Is the "EO3" pulse obtained from the pin of the PCD image sensor ?
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Appendix 1

Pin configurations and package outlines of PCD Image Sensor are shown in Figure A~1

$2300-5120 $2300-512F
SENSITIVE AREA SENSITIVE ARSA
lii———W ki 1)
128203 12820 | 120208 120203
~ ~
aonaanslesnca s s
- . +
i { V7777274 77 A ;-T a ;—T
g A4t A TR M) |4 -9
= = | t Vi 5 < g B " T
g | 3 g L
] e e e B £ 3 L =
L——-——aou—-——-—-, ~ W@
e 9
2 z
C :t 4 0t j
d 02y
234 i L T ‘
!————-—-uaz—-—— ‘”‘—'l 8! Y
] —
028
234
Q Q
$ladccciaeciBy ner L"“”‘_J
R R EE R ‘
¥ 3y ch4£:3E£
R T -E RLALINNARTSC 27
Towdvwuyiolyeld
I -
Soyiryywiyly.el
[ symbats Functlons ] ; Parameters $2300-5129 i $2300-512F |
[ Vo | Video Output | ; p ! i
! | Two Vo are connacted inside tre ' Nusmter of phatadiodes 5.2 !
| _eement [ Piteh tum : 50 )
. - . ~ 1 — 1
L Ve: [ Power Suopy Voliage ‘ " aperture cam 50 x 5000 )
. GND 1 Groundiov) B - .
i St 7 Start Purse Input .TTL compat.b'er Number of pins 8 B
N 1S s I
+ | Cigeck Pyise Input (TTL compatible) Windov malerial Quartz , Fiber optic piate
€05 | Eng of Scan ) 7 " - : .
| Nagative CMOS compatibie [ i et veight 3¢ ! 13 6g
¢ Obtainapie af the clock imeng jus?
| after the last eterrent is scanned
f NC | No Connection :
iL 1 This shouid te grounded :
Figure A-1 Pin Configurations and Pachkage Outlines of PCD Image Sensor
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endix 2

A

Circuit configuration of the pulse generator is shown in Figure A-2
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APPENDIX C

POWER SUPPLY TECHNICAL DATA

)
,% RESEARCH SUPPORT INSTRUMENTS, INC. GE ?3
R 10610 BEAVER DAM ROA COCKEYSVILLE _MARYLAND 3 JoEN
¥ PHONE 301 785-6250 PAX S0 1T 3P

i |

Item No. 0001AK

LOW VOLTAGE POWER SUPPLY
RSI MODEL 428-211

The RSI Model 426-211 is a low voltage power supply which
operates from a nominal +28VDC input. The output of the unit is
+S5V and provides up to 1000mA. A current limited output monitor
is provided in parallel with the output voltage.

The 1input is series diode protected against 1inadvertent
reversal of the input power lines. Heat sinking of the case is
recommended for full power operation.

SPECIFICATIONS:
Input Voltage........cvuuuvee +24VDC to +34VDC
Input Current.........¢c.c00e.. 70mA (no lecad)
500mA (1000mA load)
Output Voltage............... +5V (+-5%)
Qutput Ripple............ ... < SOmV
Output Spikes............ veoeoe< 75mV
Efficiency....... ... >30% at full load
Converter Frequency.......... Nomihal 10KHz
Operating Temperature........ -20 C to +70 C
Storage Temperature.......... -40 C to +85 C
Line Regulation.............. .02%/V (no load)
MECHANICAL:
Dimensions. . .......coiteenenn 1.0 in.X 3.0 in.X 3.5 in.
Waight....... .ttt 300 grams
Mounting.....evooveueeas [ Four (4) size six clearance
holes
CoONNECEOr . . vttt it tnnnoenes Cannon DAY 15P
OPTIONS:

Voltages other than +5V upon request.
Potting or conformal coating upon request.
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ResearQoch Supoocrt Irmistruamer < s

Test Repcyt

Low Valtage Paweryr Supeply

Model Number _o28-214

Seria. Numper _122803

Joltage Inout 28,0V
Input Input Qutput Qutput Monitor Output
Voltage Current voltage Current Qutput Ripple
(V) ( mA ) ( V) ( mA ) « V) ¢ mv )
z8 38 S. 24 O S.34 20
=8 7a S5.23 10¢ S5.23 20
8 o8 S.21 200 S5.21 =5
29 147 9. 20 300 S. 20 20
Z8 187 5.18 LAuN] S.18 25
8 224 S.17 SO0 S5.17 25
3 2% S. 16 [SIRLe} 5.16 30
z8 =37 S. 14 TOO S. 14 25
& 37 S.12 80D .12 S
-3 384 S. 3 EL S. i S0
=3 LISV S.03 1600 S.03 S
Notes e
1 _r1t SMNCis B weL. TEane fik.
S _riT .1S€S “@Cwa@Tilc &7 ZMHeo o 15Dut.
S.grat.ure dl\‘ %""\’3—
—et e s T 323
LS ieIteT T S S I A
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RESEARCH SUPPORT INSTRUMENTS, INC.
10610 BEAVER DAM ROAD. COCKEYSVILLE. MARYLAND 21030
PHOWE 301-785-6250 FAX 301-785-1228

3

i
i

Item No. OOOlAL

DUAL TRACKING LOW VOLTAGE POWER SUPPLY
RSI MODEL 441-133

The RSI Model 441-193 is a dual tracking low voltage power
supply which operates from a nominal +28VDC input. The outputs
of the unit are complementary (+15V and -15V) voltages, each
capable of providing 400mA, which track each other u- !er various
loads. A current limited output monitor is providec _n parallel
with the output voltage.

The 1input is series diode protected against inadvertent
reversal of the input power lines. Voltages other than 1S5V can
be supplied wupon reguest, Heat sinking of the case 1is
recommanded for full power operation.

SPECIFICATIONS:
Input Voltage............... +24VDC to +34VDC
Input Current.......... «ieae. 70mA (no load)
840mA (400mA load)
Qutput Voltage........ve+...*15VDC @ 400mA
-15VDC @ 400mA
Output Ripple........... «...Less than 25mV
Output Spikes..........ce... Less than 150mV
Efficiency......c.veeuus ev... 60X at full load
Converter Frequency......... Nominal 10.S5KHz
Operating Temperature....... -20 C to +70 C
Storage Temperature......... -40 C to +85 C
Line Regulation........... ..0.02%/V (no load)
Load Regulataion............. 0.01%/V (400mA 1load)
MECHANICAL:
Dimengsions....... .o ieeunse 1.0 in.X 3.0 in.X 3.5 in.
Weight......cciivvnn veess..212 grams
MOUNEANG . v ottt et asneonnns Four (4) size six clearance holes
Connector..........s e e e Cannon DAM-15P
OPTIONS:

Voltages other than 15V upon request.
Potting or conformal coating upon request.
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Resear-ch Support Irstrumer:ts

Tewmt Repor-t

Low Vaoltage Power Supply

Model Number _441-193

Serial Number _122508

Voltage Irnput _28.0 V

Input Qutput Qutput Monitor Output
Current Voltape Current Output Ripple
{ mR ) (V) { mAR ) (V) { mV )

* - +* - * - + -

47.7 15.0 15.0 0 [«] 15.0 1S.0 10 10

290 15.0 13.1 Q 300 15,0 14.9 10 10

290 13.0 15.0 300 0 14,9 15.0 10 10

536 13.1 13.1% 300 300 15.0 14.9 10 10

716 14.9 14,9 400 400 14.9 14,9 10 10

Notes)

1 Uriit should be well heatsunk.
2 Unit loses regulatior at 25,0 V 1riput.

Sigriature— é%

Date Alzo2/83 000000

Disk:wotest File:wpl1l22508
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: RECEIVED ocT - 3 1959

HVY POWER SUPPLY

Grounded Anode

Gen Il intensifiers

2.500

. 500 !!! gono

Model] = =zo00s7 +5v

0-10v L= -——:—-E arnode

I m:p voltage control

0 Grounded Anode Gen I1 cutputs
0 Adiustable cathode, mcp-in, mcp-out, and ABC Jevel
0 Ext MCP voltage control

O Ext resistor select - ABC max limit for desired tube dia

cathode voltage min adjustable range 100 to 240 vdc

cathode series resistance 1 Gohm
mcp-in voltage voltaqe controllatle to 2kv max wvdc

may load current 20 e
m:p-out voltage adjuztatble 3000 to 500 viic

brightness current limit .05 to S uA
ariode output ground return potential 0 vdc
temperature operational - 55 to + 70 C
mechanical 4-40 inserts bottom surface corners

190073
et Fos 200057
T3 1 [« 1

GBS Grourided Arode Gen 11 s
A ces I:"‘ 07-27-3s | n/a | @
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PS 200057 Test Data Sheet

TUbEhookup .............................................

90126

CRTH

mCP- IN

mCP-OuT

ABC

E"" o057

MCP-guT|

MCP-IN

5CN

CATH _¢_=EHTH .....
MCP-IN i MCP-IN -
mCeP-0ut 0 A meP- ULIT
SCN 5:" .............................................
Test Data at Delivery S/N : _{/{ __ Date : 2‘Ll_27 By Y e
Parameter Data Units
1. Cathode voltage & no load 200 - VDC
Cathode voltage @ 1M L _E____ - vbC
2. Mcp-in voltage @ 300M @ Cv=10v Yy 410 30 - VDC
Bv __-LZQR___ - VyDC
é6v e - VvDC
4v e 22O - VvDC
2v 2l __ - vDbC
3. Mcp-out voltage @ no load _I5ne_ - - vDC
9 1 uA load __S450 __ - VvDC
4. Rabc set value LR S R megohm
ABC adj pot set for I-limit of Ao uA
S. Input current @ +Svdc @ ss S /A mADC
6. Burn-in SR S hrs
7. Meckanical and visual  ____ 3 check
MME ps 200057 Test Data Sheet e 200123
GBS SiZE % 685 W o je-a7 IR Tsmr 1 " 1
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Operation and Instructions
PS 200057 grounded anoge standard GEN II

1.0 General

The model 200057 power supply is a small DC to DC converter which
converts +5 vdec to multiple HV dc outputs for use by a Gen II image
intensifier tube. The outputs are line regulated, and each is
independently adjustable. The power supply circuitry is fully
potted in an RTV encapsulant due to the high internal voltages
generated, and due to the small size of the power supply.

Manufacturer : GBS Micro Power Supply
6155 Calle Del Conejo
san Jose, California 95120
408~-997-6720

Power Supply Inputs

The following inputs are available and marked on the power supply.

Input voltage terminal +5 +-.5 vdc
Input voltage return terminal (gnd)

vVoltage control terminal 0 to +10 vdc
Cathode output adj pot

MCP-IN output adj pot

MCP-0OUT output adj pot

ABC limit fine adjust pot

Rsel resistor for gross ABC limit adj

3.0 Output Connections
There are 4 output leads for connection to the image intensifier.

1. Cathode output typically -175 vdec with respect to

the MCP-IN output lead

MCP-IN output typically —-1500 vdec with respect to
the MCP-0OUT output lead

MCP-OUT output typically -«000 vde with respoct to
the screen output lead

Screen output Gnd, and tied to the +5 return
internally in the power supply.

4.0 Voltage Control

The MCP valtage applied to the intensifier, is provided by the
MCP-IN and MCP-0OUT outputs, which is termed the MCP voltage.

This voltage can be remotely varied from approximately -400 vdc,

( the oscillator drop out level ), ta -2000 vde, by varying the
voltage applied to the voltage control terminal from 0O to +10 vde.
The +10 vde results in =2000 vde MCP voltaage. An open at the
voltage contral terminal recsults in & O vde MUP voltage.

MAME oy O0S? oper at 1on & Loectract rons PRINIS R R

SIZE A A le=ru

£ORAM F 15001
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6.0

7.0

The ~2000 vdc MCP voltage when the control voltage is at +10 vdc,
can be lowered to near -400 vdc by adiusting the MCP-IN adjust
pot counter clockwise. CW increases MCP voltage toward -2000.
CCW reduces MCP voltage toward O vdc.

Cathode Output

The cathode output is adjustable via a trim pot. CW increases

the output to -250 vdc. CCW reduces the output to -100 vdc.

A cathode current limiting resistor ( 1 Gigohm ) is internal in

the power supply, and will drop the cathode voltage as excess

tube cathode current is developed in high illumination conditions.
When the cathode current, under these high current conditions,

falls to approximately -3 vdc with respect to the MCP voltage,

a diode in the power supply, shunts the 1 Gigohm limit resistor,

with a 22 Megohm resistor, thereby extending the cathode current
availabe. before eventual tube cutoff.

The cathode output is typically —-175 vdc with respect to the

MCP-IN output, but it is stacked on the other power supply outputs,

so that with respect to ground, the potential on the cathode lead g
is approximately -8000 vdc. This high voltage is usually a socurce
of trouble when operating the power supply, as leakage to gnd may
often readily develop. This leakage will be treated by the power
supply as ABC current, which is an instruction to the power supply
to lower, or shut off the MCP-IN voltage. Caution is recommended
in the testing of the power supply, and in the tube connections.

MCP-out Voltage

The MCP-out is the votage provided for the intemnsifier screen,

and is -e000 vdc typically. This output is connected to the MCP-OUT
intensifier lead. CW adiustment of the trim pot increases this
voltage to -&500 vdc. CCW decreases the voltage to -3000 vdc.

This high voltage is developed in the power supply by a stack of
voltage doubler circuits. This multiplier circuit is resistor
returned to gnd, so that any tube screen current flowing at any
time, must pass through the resistor. A voltage is developed across
the rezistor, and is proportional to the tube =oreen cLrrent.,

The voltaage developed, 15 compared to an ABC Llimit cetting, and
will shut down the MCP voltage to the tube, if the threchold level
i3 reached.

ABC
The R-select resistor ( externally available as Riel ), is used to
senze the tube screen current ooz Jdescrited in paragraph e .0,

The power cupply comparator for ABC, has a threshold level of 1 vde
and will shut down the MCP voltaae when the Reel voltage reaches
this 1 vde threshold. The choice at resistance tor Rsel, then can
determine at what tube owrrent, shuatdown i3 desired. lypically,
Rzel is chosen as 1 Megohm, o that it allows ample rurrent for
normal tube use, but limits screen current (O 4 maximom of 1 uA.

MNLL1e

€ .
MEE pg 20057 Operation & Lostractions o 20013272

GBS A o P aepee P A ™A P oL Y2

£ORM € 15001
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The ABC trim pot allows fine resolution of the threshold voltage
used by the shutdown comparator. CW increases the threshold to
1.0 vdc. CCW decreases the threshold voltage to 0 vde. In this
manner, the ABC pot can be used to fine tune the limit current
circuitry for use as an automatic brightness control feature,

( ABC ).
The power supply has a 22 Megohm internal resistor in parrallel

with the external Rsel.
At delivery, Rsel is set to 1 Megohm, and the ABC pot is adjusted
for so that 1 uA of screen current reduces the MCP voltage 50X%.

Mechanical, Leads

The power supply chassis is glass epoxy with TRV potting internal.
There are 4 Mounting inserts on the base of the power supply,

4-40 inserts.

The output leads are silicone coated teflon insulated stranded
wires, reated for 15kv.

Processing, Burn-in

Standard processing prior to delivery includes 24 hvs of operation
unpotted, at 23C, at nominal output voltage levels, followed by

42 hrs of operation at 23C, at typical output voltage levels,
followed by @ final electrical performance test at 23C.

Other tests and burn—in environments may be conducted as specified
by the customer purchase order.

0.0 Test Circuitry

Elector static voltmeters or eaquivalent nigh input impedance

( > 300 Gigohm ) divider probes are recommended when checking
output voltage levels.

A dc voltage applied to Rsel can be used to simulate tube =creen
current for MCP shutdown verification. This voltage should not
exceed 5 vde, the imput supply voltage.

'mile

€ . . .
P 200057 nperation & Inctroct pone Luogee

LCRI F 1920
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APPENDIX D

ANALOG TO DIGITAL CONVERTER TECHNICAL DATA
(HAS1202A MB)

ANALOG
DEVICES

Ultrafast Hybrid
Analog-to-Digital Converters

HAS-1202/HAS-1202A

FEATURES
Conversion Time of 1.88us (HAS-1202A)

HAS-1202 FUNCTIONAL BLOCK DIAGRAM

12-8it Resolution
Conversion Rates to 841kHz ANALGG
Adjustment-Free Operation GRouND

APPLICATIONS
Waveform Anaslysis oL
Fast Fourler Transforms orrser
Radar Systems

ey 1~ TR o
ot SAA i 1s
PAL At
42}28 :
-m..;.>..j suoctaens srvwonATow stcTen

GENERAL DESCRIPTION

The HAS-1202 and improved HAS-1202A A/D converters are
thuck-film hybrid 12-bit converters housed in 32-pin ceramic or
metal DIP packages. They can be used with high-performance
track-and-hold (T/H) amplifiers to solve high-speed, high-reso-
lution digitizing problems economically and feature conversion
times of 2.86us (HAS-1202) and 1.56us (HAS-1202A).

These converters and the Analog Devices Model HTC-0300A
T'H offer designers an opportunity to go from analog to digital
with savings in power, board space, design time, and component
costs.

They are ideally suited for applications which requre excellent
performance with a3 mimumum of adjustments. Included in these

potential uses are radar systems, PCM, dawa acquisition systems,
and digital signal processing (DSP) systems of various kinds.

The HAS-1202 and HAS-1202A are rated over an opcrating
temperature range of 0 tc +70°C and are packaged in 32-pin
DIP ceramic housings. The HAS-1202M and HAS-1202AM are
rated over a range of ~ 55°C to + 85°C and are packaged in
metal cases. For metal case units with an operating range of
-55°C to + 100°C and mulitary screenung, order part numbers
HAS-1202MB or HAS-1202AMB. Their performance character-
istics are dentical except for differences in conversion rates; the
HAS-1202 is specified for 2 maximum rate of 349kHz, while the
HAS-1202A is capable of operating up to 641kHz.
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SPECIFICATIONS a5 it oo pover st s ot noma

HAS-1202
MUMRATINGS :‘S(:r:{i:alm same ss HAS-1202A
i . -
;ouuvtS:wly P:n‘;' : ::zgcc . ‘Measured from lesding edge of Encode Command 1o traung edge of
egauve Supply | ) Data Readv with 50ns encode Puise Conversion (me increases cquaily with
Logx Supply (Pins 2,27, 31) ~7VDC . Jncreaung width of Encode Command
Analog I t P 26> 20V - Externally adjustabie to zero
wu:::l LV « Tranuton trom dugiial *0" to dugrta) 1™ wuuates enc
(Encode Command @ Pun 32) “Case temperature. Metal case HAS-1202M HAS-1202AM have opersung
T ‘ ’ ranges of - 23°C to ~ 89°C. HAS-1202MB HAS-1202AMB have operatng
m:;:m* $5°Cto = 1 ‘nnm of - 5%C (o + 100°C and n,:;hol::rv creenung
O ) - « 100%C MAXUTAIN IUDCUOR SERPETRtUTE =
Storage ~85Cro+128C | * *Ser Secuon 14 for package cutine aformeucn
Perameter Units HAS-1202A HAS-1202 Specifications subjecr 10 change withou! nonce
RESOLUTION (FS = Full Scale" Bits %FS: 12:0 029) .
LEAST SIGNIFICANT BIT .LSB. WEIGHT mv 28 .
s = HAS-1202/HAS-1202A PIN DESIGNATIONS
Monotonscity Guaranteed . (As viewed from bortom)
Integral Nonlineanty LSB =12 .
Differenual Nonhineanty LSB =32 .
Nonl vvs Temperature ppm~C 3 . PIN | FUNCTYON PN | FUNCTION
Gan Error %FS, max 0.08.0.18) . ’n‘ m‘t‘:lootcomm ; oo&?uououm
Gain vs. Temperature ppm/C 60 ) + m’
Gain vs. Power Suppiv Changes ppovmV 2.2 . : mm : ’A“\A, M
DYNAMIC CHARACTERISTICS : - 18V s | 8IT1(MSB)
Convernion Rate kHz, max 641 349 +8V ¢ | 8T2
Cooveruoa Time' s, max 1.56 2.86 : ch”'mm' T 7 | sm3
vs. Temperature %~C 0.08 . ARATOR s 84
4 GROUND ] urs
ANALOG INPUT : :II:M.OG GROUND :: ::
Vol Ranges NPUT
a?:ur v 2512 . n |oaourur 1z | eme
= 13 ]
Unipolar v O +10.24 . 1 | ANALOGGROUND |14 | miT10
Overvoliage V,max 20 . 18 | ANALOGGROUND |1 | BT
Impedance 1, max 1,000( = 20) . 17 | ANALOG GROUND W | e
Offset?
lnutial mV, max 7.38) .
NOTE
vs. Temperature Ansiog G .
Unpeta apus ppmC 7 : mm(.::::r 201 e Eloctricalty
Bypolar Iaput ppm~C 3 * Ind of Esch Other. Connect Together
ENCODE COMMAND INPUT? & v and to Low-im e Plane
Logic Levels, TTL-Compaubie v 0" =010 0.4 . 85 Ciose 10 Device o3 Posslbie.
1w e2a0+5)
Impedance TTL Loads 1$"and 1 “LS" .
Ruse and Fall Tumes as. max 10 .
Width
Mun ns 0 .
Frequency kHz dcto6d] dc 10 349
DIGITALOLTPLT
Format Dats 8its 12 Parallel, NRZ
> y I,RZ .
Logpc Levels, TTL-Compauble A4 0" =010 +04 .
“1"ms240+5 )| *
Dnve TTL Losds S Standard 4
Coding Binary (BIN®
Offset Bin. (OBN
POWER REQUIREMENTS
~15V 208V mA {max. 48(60) .
~ 18V 205V mA max 30 (46 .
+5V 2028V mA  max 180232 .
Power Dissipation W, max 19278 .
TEMPERATURE RANGE*
Operaung *c Ot +70 .
NOTE Foroperaung rangeof - 25°Cto + 85°C, specafv HAS-1202M or HAS-1202AM
for operstng range of — $5°C to + 100°C and mulbitary screenung, specify
HAS-1202MB or HAS-1202AMB.
THERMAL RESISTANCE'
Juncuon to Aur, 854
(Free Asr’ cw s d
Juncuon to Case, 8¢ ‘ow 18 .
PACKAGE OPTION®
M.-32 HAS-1202A 3781202

For applicauons sssistance . cail Computer Labs Divisson ‘@ 919)668-9511
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HAS-1202/HAS-1202A

ENCODE , MIN
COMMAND = == Sons
—— - E—————————
T 60ns —
DY - r-
D 1.56us. MAX (HAS-1202A) ‘
|-._ 2.86us. MAX (HAS-1202) -
{BASED ON 50ns ENCODE COMMAND WIDTH]
BITY |
(MSB)
R 12503, MAX (HAS. 1202A)
| 233ns. MAX (HAS-1202)
| , 1.48u3. MAX (HAS-1202A) _.___.J
2.78u§, MAX (HAS-1202)
BIT12
1LSB)
Figure 1. HAS-1202 1202A Timing Diagram
HAS-1202 TIMING For full-scale inputs <10.496 volts:

Refer to Figure 1, HAS-1202/1202A Timing Diagram.

The TTL-compatibie Encode Command puise (applied to Pin
32) has a minimum width of 50 nanoseconds. As the width of
the Encode Command is increased from this minimum, the
width of the Data Ready pulse (and the conversion time) is
increased by an equal amount. For the HAS-1202, maximum
encode frequency is 349kHz; for the HAS-1202A, maximum
encode rate is 641kHz.

Wh=n the leading edge of the encode signal arrives, data outputs
resulting from the preceding encode command will be at thewr
previous values; the Data Ready puise, being RZ, will be at a
digital 0" logic level.

The Data Ready pulse will typically transition from digital *0”
to digital 1" 60 nanoseconds after the leading (positive-going)
edge of the Encode Command. It will remain at logic *‘1” until
all data outputs have established levels indicative of the wnput
analog value which is present during the conversion period.

As expected, and as showa 1n Figure |, the iength of the

Data Ready puise and the corresponding availability of digital
output data are different for the two models of HAS-1202 con-
verters because of their differences in speed capabilities.

CALIBRATION PROCEDURE
Input connections for the HAS-1202 and HAS-1202A A'D Con-
verters are shown in Figure 2.

The values for resistors Ry, R}, and R2 in the Gain Adjust
portion of Figure 2 are a funcuon of the desired analog input
range.
For full-scale inputs =10.496 volts:

R1={FS p-p ~ 97.66;: - 1050

R2 = Not used

RA = l(X)ﬂ

R1=000

RZ-BsO[

RA=500
The dotted lines between Pins 21 and 29 and ground in Figure
2 are used to show differences in connections for unipolar and
bipolar modes. For unipolar, ground Pin 29; for bipolar, connect
Pins 21, 22, and 29 together without grounding.
When calibrating for either unipolar or bipolas operation, an
encode command at a frequency of 200kHz should be applied to

Pip 32. Zero Adjust must always be adjusted before Gain Adjust,
no matter which mode of operation is being calibrated.

Connect a precision voltage reference source between the analog
input and ground.

If the converter is to be operated in a unipolar mode, adjust the
output of the voltage reference 1o the desired full-scale positive

input voltage, as described in Table I. After adjusting the Zero

Adijust control per the directions in Table I, reset the reference
and calibrate Gain Adjust.

(FS p-p x97.66) - 165
1025 ~ (FS p-p x 97.66)

HAS-1202:1202A
ANALOG INPUT

Ra
GAIN
ADJUST

+ 18V

*NOT USED FOR INPUTS 10 496V

Figure 2. Gain and Offset Adjust
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Apply Asd For
Refereace Adjsnt “Dither” Betweea
+FS$x(1.22x10°% | Zero 0 000 000 000 .,
0 000 000 001
+FS x (0.99963) Gain 1111 111 110
1111 1111
Table .

If the converter is to be operated in a bipolar mode, refer to
Tabie 11.

BIPOLAR INPUT CALIBRATION
(For Analog Input Range - FSto +FS)

Apply And For

Reference Adjust “Dither” Betwesa

- FS x (0.99976) Zero 0 000 000 000
0 000 000 001

+FS x (0.99927) Gein 1 111 111 110 and
1 111 111 111

Table .

Note that Zero Adjust is set using the negative input valtage for
bipolar operation, while Gain Adjust is calibrated with the positive
bipolar input.

USING HAS-1202 WITH TRACK/HOLD

Figure 3 and Figure 4 illustrate possible combinations of the
HAS-1202 or HAS-1202A A/D Converter with the HTC-0300A
Track-and-Hold ampilifier.

As shown, the upper word rate of the combination wili be a
function of which convener is used. When comparing the
maximum word rates shown in the Specifications Tabic and the
ones shown in the illustrations, there seems to be a disparity in
encode rate capsbilities.

The word rates shown in Figures 3 and 4, however, are correct
and are based oo *‘real-life” circuits using s T/H. The T/H
oeeds sufficient time 1o scquire and/or settle to 12-bit accuracy.
This interval is longer than the conversion ume of the HAS-1202,
and the result is a lower word rate for the combination than that
which is possible with only the converter.

Note in Figure 3 that the encode puise is applied, vis an OR
gate, 1o the ENCODE COMMAND input of the HTC-0300A.
In Figure 4, it is applied directly to the

input.

Circuit lsyout is extremely critical in using s high-speed converter
and T/H to accomplish digitizing of analog signals; this is especially
true with 12-bit systems of the type shown here.

In this context, “‘circuit layout” encompases all of the important
iterns which need to be considered. This includes, but is not
limited to, precautions such as establishing low-impedance
grounds; careful routing of analog and digital signal paths to
avoid interference; and keeping all signal paths as short as poss-
ible. Bypassing of all power supplies is mandatory for best
performance.
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Figu. 2 4. 12-Bit A D Conversion System

For optimum performance in noisy environments, 2k pulidown
resistors should be connected to Bits | through 4.

ORDERING INFORMATION

With the exception of conversion rates, the specifications are the
same for the HAS-1202 and HAS-1202A A/D Coaverters; both
units are housed in 32-pin DIP ceramic psckages. For metal
case versions with extended temperature ranges of ~25°C o
+85°C, order mode! number HAS-1202M or HAS-1202AM.
For taetal case versions with extended tenperature ranges of

- 55°C to +100°C and military screening, order mode! number
HAS-1202MB oc HAS-1202AMB. Consult factory for details.




APPENDIX E

DIGITAL TO ANALOG CONVERTER TECHINCAL DATA
(AD667SD)

ANALOG
DEVICES

Microprocessor-Compatible
12-Bit D/A Converter

AD667*

FEATURES ADé67 FUNCTIONAL BLOCK DIAGRAM
Compiete 12-8it D/A Function - -
Double-Buftered Latch Mnee oM oeTo-- oM ORI --- OM
ORCNPW‘MW () (™ D000 D000
High Stabillty Buried Zener Reference a(
Single Chip Construction N (g ol com som
Monotonicity Guaranteed Over Tempersture Mo I ‘ r
Linesrity Guaranteed Over Tempersture: 1/2L.88 max i D) W wan
Settling Time: 3us max to 0.01% 8 | g
G?nmmlwwm:ﬂv«:lsv i o T T T T T IT .2:"""‘"
Low Power: 300mW including Reference = C ekt s g
TTLUSV CMOS Compatible Logic Inputs [ ¥q e XN avSe? " 3) s
Low Logic input Currents L) wom
-——2
vy lu-‘ cw

PRODUCT DESCRIPTION

The AD667 15 a co  iete voitage output [2-bit digital-to-analog
converter including a high stabiity buried Zener voltage reference
and double-buffered 1nput latch on a single chip. The converter
uses 12 precision high speed hipolar current steering switches
and a laser tnmmed thin film resistor network to provide fast
settling time and high accuracy.

Microprocessor compatibilit. 1s achieved by the on-chip double-
buffered latch. The design of the input latch allows direct interface
to 4, 8-, 12-, or 16-bit buses. The 12 buts of data from he first
rank of latches can then ve transferre J to the second rank,
avoiding generation of spurious analog output values. The latch
responds (o strobe pulses as short as 100ns, allowing use with
the fastest available microprocessors.

The funcuonal completeness and high performance in the AD667
results from a combination of advanced switch design, hugh
speed bipolar manutactunng process, and the proven laser wafer-
tinmming LWT technology. The AD667 is trimmed at the
wafer level and 1s specified to = 1 4LSB maxamum hneanity
error K. B grades at 25 C and =1 2LSB over the full operaung
temperature range

The subsurface burie. zener Jiode on the chip provides a
low-notse voltage reference which has long-term stababity and
tempe-ature Jdritt characteristics comparaole to the best discrete
reference diodes The laser tnmming process which provides the
excelient hneanty. is a'"~ used to trim the absolute value of the
reference as weil as its temperature coefficient. The AD667 1s
thus well suited tor wide temperature range performance with
=1 ILSB maximum lhineanty error and guaranteed monotoniaty
over the tull temperature range Tvpical full scale gain T C. 15
Sppm C

*Covered bv Patent Numbers 1.803.590. 3 .890.611. 3,932.863: ). 978.473,
4.020,486. and others pending
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The AD667 is avaiable in five performance grades. The AD667]
and K are specified for use over the 0 to + 70°C temperature
range and are available in a 28-pin molded plasuc DIP (N or
PLCC P package. The AD667S grade s specified for the

- 55°C to + 125°C range and is available in the ceramic DIP

D) or LCC (E) package. The AD667A and B are specified for
.se over the = 25°C 1o - 85°C temperature range and are availabie
in cither a 28-pin hermeticaily sealed ceramic DIP (D) or LCC
.E) package.

PRODUCT RHIGHLIGHTS

I. The AD667 is a complete voltage output DAC with voltage
reference and digatal latches on a single IC chip.

2. The doubie-buffered latch structure permuts direct interface
to 4-, 8-, 12-, or 16-bit data buses. All logic inputs are TTL
or 5 volt CMOS compauble.

3. The internal bunied Zener reference is laser-trimmed te 10.00
volts with 2 = 1% maximum error. The reference voltage 1s
also available for external application

4. The gain setung and tipolar offset resistors are matched to

the internal ladder network to guarantee a low gain (emperature

coefficient and are laser-trimmed for minimum full scale and
ipolar offset errors.

The precision high speed current steering switch and on-board

high speed output amphfier settle within 1 2LSB for a 10V

full scale transition 1in 2.0us when properly compensated

)




SPECIFICATIONS .=+, 2 12v. < 15v power mppis sios torvo st

Maede AD47) ADSSTK
Mia Typ Max Mis Typ Max Units
DIGITAL INPLUTS
Resalyuca 12 12 Biw
Logx Levels (TTL Compatibie. Tan-Tam)'
Vi (Logic 1™ +2.0 +5.8 +20 +55 v
Vi (Logic 0™ 0 +09 0 08 Y
Iy (Vin = 5.3V) 3 10 3 10 wA
Iy (Vi =0.8V) 1 [} 1 s wA
TRANSFER CHARACTERTSTICS
ACCURACY
Lincanty Esror @ + 25°C = 14 12 =11t 214 LSB
Ta=TouwoTma =12 234 =14 2112 Ls8
Differenual Lincanty Error@ + 25°C =12 34 =14 =12 LSB
Ta=Taa!0Tan M icity G ] M ity G d LSB
Gan Esror’ =01 0.2 =0.1 242 %of FSR*
Unipolar Offzet Error’ =1 22 =1 22 LSB
Bipotar Zero' =005 201 =005 =61 %of FSR
DRIFT
Dufferenual Lineanty 2 =2 ppmof FSR°C
Gan Full Scale To = 25°Cto T g0t Ty, ES) 230 = z1$ ppmof FSR™C
Unipolar Offset Ty = 25°C10 Tppn 0 T ey =1 23 z3 ppm of FSRAC
Bipolar Zero T, = 25°C 10 T 0 ¢ T s =5 210 x10 ppm of FSRAC
CONVERSION SPEED
Settiag Tune to = 0.01% of FSR for
FSR Change | 2kNS00pF ioad
wth 10k{2 Feedback 3 4 3 4 us
with Sk} Feedback 2 3 2 3 »
For LSB Chang» 1 1 us
Slew Rate 10 10 Vips
ANALOGOUTPLT
Ranges’ 225, =2%,210, =25, =5, =10, v
+8, - 10 +5, +10
Output Current =3 =5 mA
Output Impedance : dc 0.0 0.08 0
Short Carcwst Current 40 40 mA
REFERENCEOUTPLT 9.9 10 00 10.10 9.9 10.00 10.10 v
External Current 01 10 01 10 mA
POWER SUPPLY SENSITIVITY
Vee = » 11 410 + 16 SV dc ) 10 5 10 ppmof FS%
Veg = - 11410 - 16 SV S 10 S 10 ppmof FS%
POWER SUPPLY REQUIREMENTS
Rasted Voitages *12, =18 =12,=1% v
Range* 211.4 2165 2114 2165 v
Suppiv Current
+ileto+165Vdc 1} 12 8 12 mA
- 11410 - 16 SV 2 25 20 25 mA
TEMPERATURE RANGE
Specificauon [ +70 0 -70 he
Storage - 6% + 128 - 63 + 128 C
NOTES

'The digrtal wnput specificauons are 100% tested at + 25°C, and guaranteed but not tested over the full tempersture range

’Adiusuabile 10 2ero

'FSR means “Full Scale Range ' and 15 20V for = 10V range and 10V for the = SV range

‘A muumwn power supply of = 12 SV s required for 8 = 10V full scale output anG = )1 4V is required for all other voltage ranges

Specifications subrect to change without notice
Soeals shown 11 bodf

are tested on all producton wuts ot final

electncal test. Results from those tests are used 1o calculaie outgowng Guality

levels All mun and mar specifs are gt d. alth oalv those

shows in boldfece are tested oo all producton umts

TIMING SPECIFICATIONS

(All Models, To = 25°C, V= + 12Vor + 15V,

Veg= - 12Vor - 15V)

Symbol Parameter Mia Typ Max

toc Dau Valid to End of T3 0 - - s
tac Address Valid to Ead of 3 00 - - s
o TS Pulse Width 100 - - o
ton Dau Hold Time 0 - - os
tsgrr  Output Voluage Setiling Time - 2 4 re]

2-124 DIGITAL-TO-ANALOG CONVERTERS

ABSOLUTE MAXIMUM RATINGS

VoctoPowerGround . . . . ... ... .. ... 0V 1o + 18V
VeztoPowerGround . . . . . . ... ... ... 0V -18V
Digital Inputs (Pins 11-15, 17-28)
toPowerGround . . . .. . . ... ... -1.0Vtwo +7.0V
RefIntoReference Ground . . . . . . . . . ... ... =12V
Bipolar Offset to Reference Ground . . . . . . . . . . . =12V
10V Span R to Reference Ground . . . . . . . . . . .. =12V
20V Span R 1o Reference Ground . . . . . . . .. ... * 24V
Ref Out, Vour (Pins 6, 9) . . Indefinite short to power ground
Momentary Shortto Vo
Power Dissipstion . . . . . . .. ... ... ..., . 1000m'W




Model ADGSTA AD6TS ADé4TS
Min Typ Max Mis Typ Max Min Ty Maz Units
DIGITAL INPUTS
Resoluuon 12 12 12 Bas
Logx Levels (TTL Compatible, Tam - Tam)'
Vo (Logic “1™) +2.0 +55 +290 +55 +2.0 +5.5 v
Vo (Logic “0™) ¢ +0.8 ] +08 ¢ +0.7 v
1ot (Viu = 3.5V) 3 10 3 10 3 10 wA
o (Vi =0.8V) 1 s 1 s 1 s WA
TRANSFER CHARACTERISTICS
ACCURACY
Linearity Error @ + 25°C =14 =12 =1 E3 ) =8 z12 Lss
Ta*Tan 0 Tan =2 4 =1/4 =z =112 £ 3 ) LSB
Differential Lancarity Error @ + 25°C =12 34 =14 z\2 =14 V4 LSB
Ta™ Taw 0 Tas M icity G d M icity G d M G '] LSB
Gein Error’ =0.1 20.2 =01 02 =0.1 0.2 %of FSR’
Unipolar Offset Error =1 =2 =i 22 =1 =2 LsB
whn‘ 2005 =261 =005 =0.1 =005 =01 %of FSR
DRIFT
Dnfferenual Lineanty =2 ppm of FSRAC
Gaan (Full Scale) T = 25°C 10 Topen Of T =5 =30 =5 =13 15 =30 ppm of FSR™C
Caspolar Offsct Ty = 25°C 0 T 0f Tos =1 23 23 z3 ppm of FSRC
Bipolar Zero Ta = 25°C 10 T s 0F Touaa = z10 210 z10 ppmof FSRC
CONVERSION SPEED
Sertling Time to = 0.01% of FSR for
FSR change (2K 2 S00pF load)
with 10ki} Feedback 3 4 3 4 3 4 us
with $k( Feedback 2 3 2 3 2 3 us
For LSB Change 1 1 1 us
Siew Rate 10 10 10 Vius
ANALOGOUTPUT
Ranges’ =25, =5 =10, =2%,=5,=10, =28, =8, =10, v
+5, +10 -5, +10 -5, +10
Output Current =S =3 =3 @A
Output Impedance :dc) 0.0% 0.0% 008 n
Sbort Circwt Current L & « mA
REFERENCEOUTPLUT .9 10.00 10.1¢ .9 10.00 10.1¢ .9 10.00 16.10 \%
External Current 0.1 1.0 ot 10 01! 1.0 mA
POWER SUPPLY SENSITIVITY
Ve = +11410 + 16.5Vdc s 10 s 10 s 10 ppmof FSA
Vg = - 11410 - 16.5Vdc s 10 s 10 S 19 ppm of FS%
POWER SUPPLY REQUIREMENTS
Rated Voltages 212, =15 =12, =18 =12, =1% v
Range* zil.4 x16.5% 114 216.8 til.4 2168 Y
Supply Current
1) 410 - 16 5V dc 8 12 8 12 ] 12 mA
1l 40 - 16,35V de 20 25 20 25 20 28 mA
TEMPERATLRE RANGE
Specification -2% + 88 -2 - 83 b « 128 Lo
Storage - 65 - 150 - 6% - 150 - 6% - 1% *C
TIMING DIAGRAMS WRITE CYCLE +2

WRITE CYCLE s1

{Losd First Rank from Data Bus; A3=1)

r———‘-c—"—.‘

X

(Load Second Rank from First Rank; A2, Al, A0=1)

ouTyT
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28-PIN DIP CONNECTIONS

S
aveean [1] o 28] DB11 (MSB) g g % § g
a a - -1
ovsean | 2 \ 27] oB10 1 s =
EIRAY EEEEERE
IDENTIFIER
sum et (3] 2] ows MEGARAEFE
an [25] oes / o )
aano [5] 24| 087 REFGND 3] [28] oes
Vagr out E 23 | OBe VegrOUT [ 6] 124] D87
vmen [7]|  ADSS7  2z]08s Vet [7] (23] oes
TOP VIEW e,
+Vee E (Notto Scate) | 21] DB4 +Vee (8] {Not to Scaie) 2] Des
Vour [3] 20] o83 Vour [ 9] [21] Des
Ve [10 13} pB2 ~Var {10] (20] o3
& [ n 18 | DBY & [u] 19] oe:
a3 [ 17 DBO (LSB)
2]l el [T 117 e
a2 (@ 7e] rowen GRouno e taf o] Lol e o] ]
29 <3 ‘§ g 8
ar e 15 ] A0 g 4
YNOTE DIP PACKAGE PIN NUMBERS
AND LCC CONTACT NUMBERS SEAVE
THE SAME FUNCTION.
ORDERING INFORMATION
Linearity
Temperature ErrorMax GainT.C.
Model Package Options* Range-°C @25°C Max ppm/*C
AD667JN  Plastic DIP(N-28) Oto +70 *=12LSB 30
AD667JP  PLCC(P-28A) Oto +70 =12LSB 30
AD667KN  Plastic DIP (N-28) 0to +70 +=1/4LSB 15
AD667KP PLCC(P-28A) 0to +70 +1/4LSB 15
AD667AD Ceramic DIP(D-28) -25t0 + 85 =12LSB 30
ADG6STAE LCC(E-28A) -25t0 + 85 +1/2LSB 30
AD667BD  Ceramic DIP (D-28) -2510 + 85 *1/4LSB IS
AD667BE LCC(E-28A) -25t0 + 85 = 1/4LSB 15
AD667SD  Ceramic DIP(D-28) -SSw+125 =12LSB 30
AD667SE  LCC(E-28A) ~5510 +125 =1/2LSB 30
*See Saction 14 for package outline inf
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Analog Circuit Details - AD667

THE AD667 OFFERS TRUE 12-BIT PERFORMANCE
OVER THE FULL TEMPERATURE RANGE

LINEARITY ERROR: Analog Devices defines linearity error
s the maximum devistion of the actual, adjusted DAC output
from the ideal anajog output (a straight line drawn from 0 w0
F.S. - 1LSB) for any bit combinstion. The ADG67 is laser
uimmed to 1/4LSB (0.006% of F.S.) maximum esror at +25°C
for the K and B versions and 1/2LSB for the ], A and §
versions.

MONOTONICITY: A DAC is said to be monotonic if the
output cither increases or remains constant for increasing digital
inputs such that the output wiil aiways be a nondecreasing
function of input. All versions of the AD667 are monotonic over
their full operating temperature range.

DIFFERENTIAL NONLINEARITY: Monotonic behavior
requires that the differential linearity error be less than 1LSB
both at +25°C and over the tempersture range of interest.
Differential nonlinearity is the measure of the variation in analog
value, normalized to full scale, associated with a 1LSB change
in digital input code. For example, for a 10 volt full scale output,
a change of 1LSB in digital input code should result in a 2.44mV
change in the analog output (ILSB = 10V x 1/4096 = 2.44mV). If
in actual use, however, a 1LSB change in the input code results
in s change of only 0.61mV (1/4LSB) in analog output, the
differential linearity error would be - 1.83mV, or - 3/4LSB.
The AD667K and B grades have a1 max differential linearity
error of 1/'2LSB, whuch specifies that every step will be st least
1/2LSB and at most 1 1/2 LSB.

ANALOG CIRCUIT CONNECTIONS

Internal scaling resistors provided in the AD667 may be connected
to produce bipolar output voltage ranges of =10, =S or =2.5V
or unipolar output voltage ranges of 0 to + 5V or 0 10 +10V.
Gain and offset drift are minimized in the AD667 because of the
thermal tracking of the scaling resistors with other device com-
ponents. Connections for various output voltage ranges are
shown 10 Table I.

o | BPOLAR
oreser
AGND
SUMMNG
JUNC TON

FROM WEIGHTED
EnsTOR
NETWORK

Figure 1 Output Ampiifier Volitage Range Scaling Circuit

Output Digital Consect Coamect
Raage Iaput Codes Pia%t0 Pinlto
z 10V Offset Binary i 9

+5V Offset Binary Tand2 2and9
+2.5V Offset Binary 2 3
Oto + 10V StraightBinary land2 2and9
Oto +5V  StraightBinary 2 3

UNIPOLAR CONFIGURATION (Figure 2)

This coafigurauca will provide a unipolar 0 to + 10 voit cutpat
range. [n this mode, the bipolar offset terminal, pin 4, shouid
be grounded if not used for trimming.

Figure 2. 0 to + 10V Unipolar Voltage Output

STEP I ... ZERO ADJUST

Turn all bits OFF and adjust zero trimmer R1, until the output
reads 0.000 volts (ILSB = 2.44mV). In most cases this trim is
0ot needed, and pin 4 should be connected to pin S.

STEP II.. . . GAIN ADJUST

Turn all bits ON and adjust 10002 gain rimmer R2, undl the
output is 9.9976 volts. (Full scale is adjusted to 1LSB less than
pominal full scale of 10.000 volts.)

BIPOLAR CONFIGURATION (Figure 3)

This configuration will provide a bipolar output voltage from
—~5.000 to +4.9976 volts, with positive full scale occurring with
all bits ON (all 1's).

STEF I . . . OFFSET ADJUST

Turn OFF all bits. Adjust 1000} trimmer R} to give - 5.000
volts output.

STEP I1 . . . GAIN ADJUST
Turn ON ali bits. Adjust 1004} gain trimmer R2 to give a reading
of +4.9976 volts.

Figure 3. =5V Bipolar Voitage Output

Coanect Comnect

Pin2to Pindto

NC 6 (through 5041 fixed or 100(2trim resistor)
land 9 6 (through 501} fixed or 100{}trim resistor)
9 6 (through S04 fixed or 10003trim resistor)
land 9 S (or optional thm - See Figure 2)

9 S (or optional trim - See Figure 2)

Table I. Output Voltage Range Connections

DIGITAL-TO-ANALOG CONVERTERS 2-127
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INTERNAL/EXTERNAL REFERENCE USE

The AD667 has an internal low-noise buried zener diode reference
which is trimmed for absolute accuracy and temperature coeffi-
cient. This reference is buffered and optimized for use in a high
speed DAC and will give long-term stability equal or superior to
the best discrete zener reference diodes. The performance of the
ADG667 is specified with the internal reference dnving the DAC
since all trimming and testing (especially for full scale error and
bipolar offset) is done in this configuration.

The internal reference has sufficient buffering to drive external
circuitry in addition to the reference currents required for the
DAC (typically 0.5SmA to Ref In and 1.0mA to Bipolar Offset).
A minimum of 0.1mA is available for driving external loeds.
The AD667 reference output should be buffered with an external
op amp if it is required to supply more than 0.1mA output
current. The reference is typically trimmed to +0.2%, then
tested and gusranteed to + 1.0% max err. The temperature
coefficient is comparabie to that of the full scale TC for a particular
grade.

If an external reference is used (10.000V, for example), additiona!
rim range must be provided, since the internal reference has a
tolerance of = 1%, and the ™667 full-scale and bipolar offset
are both trimmed with the ... :mal reference. The gain and
offset trim resistors give about =0.25% adjustment range,
which is sufficient for the AD667 when used with the internal
reference.

It is aiso possible to use external references other than 10 volts.
The recommended range of reference voltage is from + 8 to

+ 11 voits, which allows both 8.192V and 10.24V ranges to be
used. The AD667 is optimized for fixed-reference applications.
If the reference voltage is expected to vary over a wide range in
s particular spplication, s CMOS multiplying DAC is 2 better
choice.

Reduced values of reference voltage will also permit the =12
volt * 5% power supply requirement to be relazed to =12 volts
= 10%.

It is not recommended that the AD667 be used with external
feedback resistors 10 modify the scale factor. The internal resistors
are trimmed to ratio-match and temperature-track the other
resistors oo the chip, even though their absolute tolerances are
= 20%, and absolute temperature coefficients are approximately
- S0ppm/°C. If external resistors are used, a wide trim range

(= 20%) will be needed and temperature drift will be incressed
to reflect the mismatch between the temperature coefficients of
the internal and external resistors.

Small resistors may be added 10 the feedback resistors in order
to accomplish small modifications in the scaling. For example, if
8 10.24V full-scale is desired, a 14002 1% low-TC metal-film
resistor can be added in series with the internal (nominal) Sk
feedback resistor, and the gain tim potentiometer (between
pins 6 and 7) should be increased to 20011. In the bipolar mode,
increase the value of the bipolar offset trim potentiometer also
to 20063,

GROUNDING RULES

The AD667 brings out separate analog and power grounds to

allow optimum connections for low noise and high speed per-

formance. These grounds should be tied together st one point,
usually the device power ground. The separate ground returns
are provided to minimize current flow in low-level signal paths.
The analog ground at pin $ is the ground point for the output

amplifier and is thus the “high quality” ground for the AD667,;
it should be connected directly to the analog reference point of
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the system. The power ground at pin 16 can be connected to
the most coavenient ground point; analog power return is pre-
ferred. If power ground contains high frequency noise beyood
200mV, this noise may feed through the convertes, thus some
caution will be required in applying these grounds.

It is also important to apply decoupling capacitors properly on
the power supplies for the AD667 and the output amplifier.
The correct method for decoupling is to connect a capacitor
from each power supply pin of the AD667 to the analog ground
pin of the AD667. Any load driven by the output ampilifier
should also be referred to the analog ground pin.

OPTIMIZING SETTLING TIME

The dynamic performance of the AD667's output amplifier can
be optimized by adding » small (20pF) capecitor scross the
feedback resistor. Figure 4 shows the improvement in both
large-signal and small-signal serling for the 10V range. In Figure
44, the top trace shows the data inputs (DB11-DBO tied together),
the second trace shows the CS pulse (A3-A0 tied low), and the
lower two traces show the analog outputs for Cr = 0 and 20pF
respectively.

Figures 4b and 4c show the settling time for the transition from
all bits on to all bits off. Note that the settling time t¢ +1/2LSB
for the 10V step is improved from 2.4 microseconds to 1.6
microseconds by the addition of the 20pF capacitor.

Figures 4d and 4¢ show the settling time for the transition from
all bits off to all bits on. The improvement in settling time
gained by sdding Cc = 20pF is similar.

Von WHON Coo Bt

Vo, MV, Cy o P

Vo MOV

c. Fine-Scale Settling, Cr = 20pF

Figure 4. Settling Time Performance
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8. Fine-Scale Settling, Cr=20pF
Figure 4. Settling Time Performance (Continued)

DIGITAL CIRCUIT DETAILS

The bus interface logic of the AD667 consists of four independently
addressable registers in two ranks. The first rank consists of
three four-bit registers which can be loaded directly from a 4-,
8-, 12-, or 16-bit microprocessor bus. Once the complete 12-bit
data word has been assembled in the first rank, it can be loaded
into the 12-bit register of the second rank. This double-buffered
organization avoids the generation of spurious analog output
values. Figure S shows the block diagram of the AD667 logic
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Figure 5. AD667 Block Diagram

The latches are controlled by the address inputs, A0-A3, and
the CS input. All control inputs are active low, consistent with
general practice in microprocessor systems. The four address
lines each enable one of the four latches, as indicated in

Tabie 11.

All latches in the AD667 are levei-triggered. This means that
data present during the time when the control signais are valid
will enter the latch. When any one of the control signals rerumns
high, the data is latched.

It is permissible to enable more than cae of the latches simul-
taneously. If a first rank latch is enabled coincident with the
second rank latch, the data will reach the second rank correcdy
if the “WRITE CYCLE #1” timing specifications are met.

TS |A3 A2 Al A0 | Operatics

1 X X X X | NoOperation

X {1 1 11 No Operston

o |1 1 1 0 Enabie 4 LSBs of First Rank

o |1 I 0 1 Enabie 4 Middle Bits of First Rank
o |t o 1 1 Enable 4 MSBs of First Rank

0 ot 1t 1 Loads Secoad Rank from First Rank
0o |0 6 0 O All Latches Transparent

“X" = Doa't Care

Tadie ll. ADGE? Truth Table

INPUT CODING

The AD667 uses positive-true binary input coding. Logic “1” is
represented by an input voltage greater than 2.0V and logic “0”
is defined as an input voltage less than 0.8V.

Unipolar coding is straight binary, where all zeroes (000y) on
the dats inputs yields a zero anslog output and all ooes (FFFy)
yields an anslog output 1LSB below full scale.

Bipolar coding is offset binary, where an input code of 000y
yields 2 minus full-scale output, an input of FFFy yields an
output 1LSB below positive full scale, and zero occurs for an
input code with only the MSB on (800y).

The AD667 can be used with two’s complement input coding if
an inverter is used on the MSB (DB11).

DIGITAL INPUT CONSIDERATIONS

The threshoid of the digital input circuitry is set at 1.4 volts
and does not vary with supply voitage. The input lines can thus
interface with any type of S voit logic. The configuration of the
input circuit is shown in Figure 6.

DIGITAL
INPUTS
(PINS 11 - 15
AND 17 - 28)

TO LOGIC

POWER
GROUND

Figure 6. Equivalent Digital Input Circuit

The AD667 dats and control inputs will float to a logic 0 if left
open. It is recommended that any unused inputs be connected
to power ground to improve noise iImmunity.
Fanout for the AD667 is 100 when used with a standard low
power Schottky gate output device.
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$-BIT MICROPROCESSOR INTERFACE

The AD667 interfaces easily to 8-bit microprocessor systems of
all types. The control logic makes possible the use of right- or
left-justified data formats.

Whenever a 12-bit DAC is loaded from an 8-bit bus, two bytes
are required. If the program considers the data to be 2 12-bit
binary fraction (between 0 and 4095/4096), the data is left-justified,
with the eight most significant bits in one byte and the remaining
bits in the upper half of another byte. Right-justfied data calls
for the eight least significant bits to occupy coe byte, with the 4
most significant bits residing in the lower half of another byte,
simplifying integer arithmetic.

CHENCICICICICIED)

[osafoez [oerfose| x | x [xTx7]

a. Left Justified
Lx 1 x [ x| x Josrosw]oes]oss]
FolouLon] oss | osa | oez ] os1 | oso |

b. Right Justified

Figure 7. 12-Bit Data Formats for 8-Bit Systems

Figure 8 shows an addressing scheme for use with an AD667 set
up for left-justified data in an 8-bit system. The base address is
decoded from the high-order address bits and the resultant
active-low signal is applied to CS. The two LSBs of the address
bus are connected as shown to the AD667 address inputs. The
latches now reside in two consecutive locations, with location
XO01 loading the four LSBs and locaton X10 losding the eight
MSBs and updating the output.

o7 0811 SR
o8 o0
o8 oee
e ose
o3 o8
02 ose
o1 oes
00 oes
4
o8
Ll 000 LS8!
A
]
ADORESS
! otcootr 1%
& ADes?
A} e ety A0
an
a0 _E a2
a

Figure 8. Left-Justified 8-8it Bus Interface
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Right-justified data can be similarly accommodsted. The over-
lapping of data lines is reversed, and the address connections
are slightly different. The AD667 still occupies two adjacent
locations in the processor’s memory map. In the circuit of Figure
9, location X01 loads the 8LSBs and location X 10 losds the
4MSBs and updates the output.

J—
o7
e
o8
04
03
02
o1
oo
- —
A%
)
}_ apomess |
H DECOOER
Az
A ﬁ
Al
AD ﬁ A2

Figure 9. Right-Justified 8-Bit Bus Interface

USING THE ADé667 WITH 12- AND 16-BIT BUSES

The AD667 is casily interfaced to 12- and 16-bit data buses. In
this operation, all four address lines (A0 through A3) are ted
low, and the latch is cnabled by TS going low. The AD667 thus
occupics a single memory location.

This configuration uses the first and second rank registers
simuitaneously. The TS input can be driven from an active-low
decoded address. It should be noted that any data bus activity
during the period when CS is low will cause activity at the
ADG667 output. If data is not guaranteed stable during this
period, the second rank register can be used to provide double
buffering.

Figure 10. Connections for 12- and 16-Bit Bus Interface




APPENDIX F

FIFO MEMORY TECHNICAL DATA (IDT 7201 SA 120DB)

¢

CMOS PARA

Technology. inc.

FIRST-IN/FIRST-OUT FIFO
256 x 9-BIT & 512 x 9-BIT

LLEL IDT7200S/L

IDT7201SALA

—_—
[;m
—

. First-in/First-Out dual-port memory
, 256 x 9 organization (10T7200)
, §12x 9 organization (IDT7201A)
r consumption
L_awmpm? 770mW (max.)
. power-down: 27.5mW (max.)
yara high speed—15ns access time
Asynchronous and simultaneous read and write
fully expandable by both word depth and/or bit width
pin and functionally compatible with 720X famity
status Flags: Empty, Half-Full, Fult
Auto-retransmit capability
High-performance CEMOS™ technology
Military product compliant to MIL-STD-883, Class B
Standard Military Drawing #5962-87531,
5962-89666, and 5962-89863 are listed on this function.

DESCRIPTION:

The IDT7200/7201A are dual-port memories that load and
empty data on a first-inffirsi-out basis. The devices use Ful
and Empty flags to prevent data overfiow and underfiow and
expansion logic to allow for unlimited expansion capablity in
both word size and depth.

The reads and writes are internally sequential through the
use of ring pointers, with no address information required o
load andunioad data. Data istoggied in and out of the devices
through the use of the Write (W) and Read (R) pins. The
devices have a read/write cycle time of 25ns (40MHz).

The devices utilizes a 9-bit wide data amay 10 allow for
control and parity bits at the user's option. This feature is
especially usefulin data communications appiications where
it is necessary 1o use a parity bit for transmission/reception
error checking. It aiso features a Retransmit (RT) capabilty
that allows tor reset of the read pointer to s inkial position
when RT is pulsed low to aliow for retransmission from the
beginning of data. A Halt-Full Flag is available in the singie
device mode and width expansion modes.

The IDT7200/1A is fabricated using IDT's high-speed
CEMOS technology. They are designed for those
applications requiring asynchronous and simuRaneous read/
writes in multiprocessing and rate buffer applications. Milkary
grade prmduct is manutactured in compliance with the latest
revision of MIL-STD-883, Class B.

FUNCTIONAL BLOCK DIAGRAM
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WRITE 1 LT
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10772008/, I0T7201SA/LA CMOS PARALLEL
FIRSTINFIRST-OUT FIFO 256 x 8-BIT & 512 x $-BIT

WILUTARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATIONS

2
o
2
-3

24

-

32
2
20

85%‘:"55 wmewon

LcerLCe
DIP/SOIC/FLATPACK
ToP ViEW TOP VIEW
ABSOLUTE MAXIMUM RATINGS'" RECOMMENDED DC OPERATING
| Symbol Rating Com'L mi__{une] CONDITIONS
VTerM | Terminal Voltage =051 +7.0| <0510 +70]| V Symbol Parameter Min. | Typ. | Max. | Unit
with Respect Veeu Miltary Supply 45| 50 ss | v
% GND Voltage
Ta gpommg 0w0+70 |-85104125[ *C | == comeausoal s 150 551 v
.ﬂrf‘ﬂl’. vm
Taus smn 5510 +125| 6510 +135| °C GND - v ° ° o v
Tstc | Storage 5510 +125| 8510 +155| *C | | Vved" inputHighVoltage | 20 | — | — | V
Temperature Commercial
lout | DC Output 50 50 mA v input HighVoltage | 22 | — | — v
Current Mitary .
NOTE: es—— inputlowVoltage | — | — | 08 | V
1. Sresses greater than those kswdunder ABSOLUTE MAXIMUM RATINGS Commercial and
may cause permanent damage 10 the devics. This is & stress rating only l“hly

and lunctional operation of the device st these or any other conditons

" A N . . NOTE: 114
above those indicated in the operational sections of this specificationis not ,
implied. Exposure to absolute maximum rating conditons for extended 1. 3::“2':3:%{””“‘”)
Periods may affect retiabit 2. 1.5V undershoots are allowed for 10ns once per cycle.
CAPACITANCE (Ta = +25°C, f = 1.0 MH2)
Symbel Parameter'" Condition | Max. [ Unk
Cn Input Capacttance VN e OV 8 pF
Cout Output Capacitance |  VOUT = OV 8 pF
NOTE: amvwx
1. This paramener is sampled and not 100% wsted.

[ 3] 2
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JOTT20084,, IDT7201SA/LA CMOS PARALLEL
ARSTANFIRST-OUT FIFO 258 x 9-8IT & 512 x -8IT

MIUTARY AND COMMERCIAL TEMPERATURE RANGES

emm—

DC ELECTRICAL CHARACTERISTICS

(Commercial: VCC = 5.0V:10%, TA = 0°C 10 +70°C; Milltary: VCC = 5.0V£10%, TA = -55°C t0 +125°C)

1 Messurements with 0 4 < Vi g Vee.
2. W2V, 045 Vout s Vee.

3 IcC measurements are made with outputs open (only capacitive loading).
4 Tested at ! = 20MHZ.

1077200 10T7200 1DT7200
iDT7201 1DT7201 IDT7201
Commercial Military Commercial
1A = 15,20n8 1A = 20ns 14 u 25,38ns
Symbol Parameter Min. | Typ. [Max. | Min. | Typ. | Max. | Min. | Typ. | Max. [unit
wt? input Leakage Current (Any input) -t | =1 v -0} —] 1o} -s] <=} 1 jpa
wo? Output Leaskage Current 10| —[1w0|-10f =] t0]-10] —] 10 |pua
Vou Output Logic “1° Voltage IoH = —2mA 24| — | —laaj =] —Jaa] =]~=1v
Vo Qutput Logic *0° Voltage IoH = 8mA — ] —Jo4af — ] —Joa] —] —Joa]v
icc1™® | Active Power Supply Current — | — 1409 — | — [180¥] — | — |125| ma
icc?® | Standby Current (AeWeRSFLAT=VH) - —]15] ~]=1l2} ] —=]15|ma
1cc3(L) | Power Down Current (All Input = VCC - 0.2V) - | -1 Si{—=—1—=—}9] =] —]os {m
1cc3(S)¥ | Power Down Current (All Input = Ve - 0.2V) — | =15 |[m
E g I}
DC ELECTRICAL CHARACTERISTICS (Continued)
(Commercial: VCC = 5.0V£10%, TA = 0°C t0 +70°C; Military: VCC = 5.0V£10%, TA = -55°C to +125°C)
1077200 1DT7200 1077200
IDT7201 1077201 1077201
Military Commercis! Military
tA = 30,40ns A = 50,65,80,120ns | tA = 50,65,80.120ns
Symbol Parameter Min. | Typ. [Max. | Min. | Typ. | Max. | Min. | Typ. | Max. {Uni
it input Leakage Current (Any input) -10] — 10| 1] — 1 § =10} - | 10 | pA
| wo'? Output Leakage Current 10| —]J1wo]-t0o] =] 10]-10] —|] 10 |u
Vo Output Logic “1° Voltage IoH a -2mA 24 | — — | 24 - —_ | 24} — ]} -~ |V
vau Output Logic 0" Vohage IoH = 8mA — | —Josa] =] —Joa] =] —Joa ]V
icc'® | Active Power Supply Current — | — J140“) — | s0] s | — | 70 1100 |mA
tec2® Standoy Current (HeWaRS<FLAT=VH) —f—J2]|]—1|s:s 8 | — | 8] 15 |ma
iccall)® | Power Down Current (ANl Input = VeC - 0.2V) - =—Jos| =] —1os] —] —]09 [mA ﬂ
1cc3(S)¥ | Power Down Current (All Input « VCe - 0.2V) -]l =19 | =1]- 5 - =] 9 |mA
NOTES: E 1T

6.1
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10772003/, IDT7201SA/LA CMOS PARALLEL
FIRSTANFIRST-OUT FIFO 258 x 9-BIT & 512 x 9-8IT MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS
(Commercial: VCC = 5.0V110%, TA = 0°C to +70°C; Miltary: VCC = 5.0V+10%, TA = =55°C to +125°C)

Coml |Comi&Mi| Comi ML Com1
7200115 7200020 | 72008125 | 72005130 | 72008138
T201LA1S | 7201LA20 [7201SANLA25|7201SALA0] 7201SALA3S

Symbol Parameter Min. | Max. | Min. | Max. | Min. | Max. { Min. | Max. | aain. | Max | unh
s Shift Frequency —_ 40 — ]33] -~ |285| — -] - 22| M2
tRC Read Cycle Time -] — 30 —_ * — 40 — 45 — ns

) Access Time - 15 - 20 -— 2 - 30 — B ns
tRR Read Recovery Time 10 — 10 —_ 10 - 10 - 10 — L]
t"ew | Read Puiss Widih'® 5 | —|J2o) =125 —~]2]~]xs]-— ™
1Az ReadPulseLowtoDataBusatlowZ™ | 5 | — [ 8 | — | s { — | s | =] 5 | | m
w2 | WrisPuiseHightoDataBusattow2® s | — | s | — | 5§ | — | s | — [ 10| ~] m
tov Data Valid from Read Puise High s | — | 8] =1s ] —=]s | —=]5s]—=| m
1wz | Read Puise HightoDataBusatHighZ¥ | — | 15 | — s | — J 18] — |20 ] — | 2 e
wWe Write Cycle Tnmo_ 25 —_ 0 _ - 40 -— 45 - L]
wew | Write Pulse Width@ 5| - |2} ~-125]|—-—]%]|-—]»]|— ns
WR Write Recovery Time 10 —_ 10 — 10 - 10 — 10 —_ ns
08 Data Set-up Time 1 — 12 — 15 —_ 18 —_ 18 -— ns
D4 Data Hold Time 0 — 10 — 0 - 0 - 0 — ns
RsC | Reset Cycle Time S| —j0l - || —]ww| -] -]
s | Reset Puise Witth® 15 | —j2 | ~|2]—]2|—13|—|nr
Rss Reset Set-up Time® 5] -] 2] -1 —~—]20] -] |- s
1RsR | Reset Recovery Time wl—ftw}]—-fww]—-—]1w0|=-]1w0]—-]m™
(3 Retransmi Cycie Time 3 -1 % - *» - 40 - 45 - ns
wr Retransmit Puise Width@ 5 | — 12| — | 2] — ]3| —]3] -1 ™
tRTS Retransmit Set-up Time™ 15 | |20 — ]| 2]~ —1]23]-—- [
TR Retransmit Recovery Time 10 —_ 10 - 10 — 10 -_ 10 - e
1R Reset to Empty Flag Low — s~ -] —-—lw] —]s]| ™
tEHFFH| Reset o Hat-Full and Full Flag High — | -] -] -] -] mn
theF | Read Low to Empty Flag Low —Jsl o] =] ~]2] ]3] ™
taF | Read High to Full Flag High — s}~ -] ~][]] ]3] m™
1RPE | Read Pulse Wicth after EF High % |- 20| — |5 —|20|~-]3]|—-1]m™
IWEF Write High to Empty Fiag High - 15 -— 20 - > - 30 - 30 ns
WEF Write Low 1o Full Flag Low — 15 - 20 - > - 30 - 30 ns
tWE | Write Low 1o Hall-Full Flag Low — s | -] -]~ -] n
¥ | Read High to Mall-Fuil Fiag High - EENE Y EEEE e 3AES
tWPr | Write Pulse Wicth after FF High sl -2 -] -2 -] =[m™
oL | ReadMWrke 1o XO Low —J 5] — 2| — | =] — %] —|®] m |
oM | ReadMrte 1o XO High — s |-l -] -] =[] m™
va | XI Puise Wiath®®_ 5 | — | 20 | — (& | —| 0| —] > | =] m |
bm | X Recovery Time 0w | —]1w0] —|w]—=]w0]=f1w0]=1]nr
xS Xi Set-up Time w|] -] —-—fJw]l—-—Tw]—-—f1w0]—-]m™m]
NOTES: RO

. Tumings referenced as n AC Test Conditions

2 Pulse widhs less than minimum value are not sllowed
3. Values guaranteed by design. not curenty Wested

4. Only apphes 10 resd deta flow-8vough mode

-
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1DTT2008, IDT7201SA/LA CMOS PARALLEL
FIRSTINFIRST-OUT FIFO 258 x 9-8IT & $12 x 9-8IT MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (Continued)
(Commercial: VCC = 5.0V+10%, TA = 0°C 10 +70°C.; Miltary: VCC = 5.0V+10%, TA = -65°C t0 +125°C)

MiiRtary Commmercial and Miiltary
72005/L40 | 72008150 | 72008185 | 72009180 | 720051120
7201SALA40| 7201SALASO | 7201 SALAGS | 7201SALASO[T201SALA 12
Symbol Parameter Mn. [Max | vn | Max | ven [ Mac | M [vax | M {aex | um
s Shift Frequency —_ 20 -— 15 — 125 | - 10 _— 7 MMz
tRC Read Cycle Time 50 — 65 — 80 —_ 100 -_— 140 | — ns
" Access Time — 40 — S0 -— 5 - 80 -— 120 "
1RR Read Recovery Time 10 — 18 - 15 — 20 -_— 20 -— [
1Rew__ | Read Puise Wigth'? 0| -]l | ~-~]68]—]n]—-—]120]~-]m
thz | ReadPuselowoDataBusatlowZ® | s | — | 5o | = [ w0 | =fJ w0 ] -] 10 ]~ m™
Write Pulse Higho DataBusatlowZP¥ 10 | — | 15 [ — | 15 | — 20 { — | 20 | — ™
oV Data Vaid from Read Puise High 5 — 5 — 5 - S — S — s
1wz | ReadPuseHightoDataBusatHighZ™| — | 26 | — | 30 | — | 0 | — | 0] — ]| 3| m
TWC Write Cycle Time 50 — 65 — 80 - 100 | — | /40 | — L]
wew | Write Pulse Width'? © | — |50 ] — | & | —]e ] —]120]—1|m
TWR Write Recovery Time 10 — 15 — 15 —_ 20 — 20 - ns
108 Data Set-up Time 20 —_ 0 -— 30 ol 40 - 40 - n
1OH Data Hold Time 0 - S — 10 - 10 —_ 10 — ns
tRSC Reset Cycle Time 50 — [ - 80 - 100 | — 140 | — ns
1Rs Resat Pulse Wicth® 0 | — [s0f — |]es | — | &0o] ~]120] 1 m |
1RsS | Reset Set-up Time™ 0 | — | 50| —]66]|—]|%]—]1120]|—]| m
IRSA Reset Recovery Time 10 — 15 -— 15 -— 20 —_ F-4) — s
IRTC Retransmit Cycle Time 50 —_ 85 -_— 80 -~ 100 - 140 | — L]
1RT Retransmit Pulse Width® 0 | — | 0| — {6 | — ]| 80} —}12]— ™
ATS Retransmit Set-up T;;E’ 40 —_ 50 -— [ — 80 —-— 120 -— )
tRTR Hairansmit Recovery Time 10 —_ 15 — 15 — 20 - 20 —_ L)
EFL Reset to Empty Flag Low —_ 50 o 65 - 80 — j 100} — | 140 ns
pEHER| Reset to Hall-Full and Full Flag High — | 50| -~ 6| —}80] —]t0] —]1w] m
tREF Read Low to Empty Flag Low — 0 — 45 — 80 - 80 — 80 n
tRFF Read High to Full Flag High - 35 — 45 - 80 —_ 60 - 80 L)
1RPE Read Puise Width atter EF High 90 | — | 50| — |6 | — |18} —1120] — ns
TWEF Write High to Empty Flag High — 35 o 45 — 60 — 60 — 80 [ ]
TWFF Write Low to Full Flag Low — 35 et 45 - 60 — 60 ot 80 s
W Write Low to Hall-Full Flag Low — 50 —_ 65 —_ 80 —_ 100 — 140 ns
1R Read High to Hall-Full Flag High — 150} —] 6 | — ]800 ] —j1w] — ]| ™
[tWPe___ | Witte Pulse Width atter FF High 0 | — | 50| — |6 | —18]—110]—]m™
oL Read/Wrie 1o XO Low — 4| — 50! ~]6] — (60| —]120]|] m
1XOM Read/Write 1o XO High — | 40 | — | 50 | — | 68 | — |80 ]| —]120] ™
tx) Xi Pulse Width'? 0 | — | s0)] — {6 | —j8o | —~]120]— ns
xR Xi Recovery Time 10 _ 10 — 10 —_ 10 —_ 10 | - ™
s Xi Set-up Time 0] — 1158 =115 ) =11 ] 115 ] 9] m

NOTES:

1. Timings referenced as in AC Test Conditons.

2 Pulse wicths less than mvimum value ane not allowed
3 Values guaranteed by desgn. not currenty tested

4 Only apphes o read data flow-through mode
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IDTT2009., IDT7201SA/LA CMOS PARALLEL
FIRSTINFIRST-OUT FIFO 256 x 9-BIT & 512 2 9-BIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC TEST CONDITIONS

input Pulse Levels GND to 3.0V

Input RiseFall Times Sns

Input Timing Reterence Levels 1.5v

Qutput Reterance Levels 1.5v

Output Load See Figure 1

2679 1 08

SIGNAL DESCRIPTIONS
INPUTS:

DATA IN (Do - Ds)
Data inputs for 9-bit wide data.

CONTROLS:
RESET (AS)

Reset is accomplished whenever the Reset (RS) input is
takento alow state. During reset, both internatread and write
pointers are set to the first location. A reset is required after
power up before a write operation can take place. Both the
Readt Enable (R) and Write Enable (W) Inputs must be in
the high state during the window shown in Figure 2, (i.e.,
trss before the rising edge of RS) and should not change
untll tRSR after the rising edge of RS. Half-Fuli Flag (HF)
will be reset to high atter Reset (RS).

WRITE ENABLE (W)

Awrite cycle is initiated on the faiting edge of this input if the
Full Flag (FF) is not set. Data set-up and hold times must be
adhered to with respect to the rising edge of the Write Enable
(W). Data is stored in the RAM array sequentially and
ingependently of any on-going read operation.

After hatt of the memory is filled and at the falling edge of
the next write operation, the Hall-Full Flag (HF) will be set to
low and will remain set until the difference between the write
pointer and read pointer is less than or aqualto one half of the
total memory of the device. The Hal-Full Flag (HF) is then
reset by the rising edge of the read operation.

To prevent data overtiow, the Full Flag (FF) will go low,
inhibiting further write operations. U\ the completion of a
valid read operation, the Full Flag (FF) will go high after tRFF,
allowing a valid write to begin. When the FIFQ is full, the
internai write pointer is biocked trom W, so external changes
in W will not aftect the FIFO when it is tufl.

READ ENABLE (R)

A read cycle is initiated on the falling edge of the Read
Enable (A) provided the Empty Flag (EF) is not set The data
it accessed on a First-invFirst-Out basss, independent of any
ongoing write operations. After Read Enable (R) goes high,

sV
11K
10
OUTPUT
PIN .
6800 30!

= F T
or equivalent ccwit
Figure 1. Output Losd
* Includes scope and jig capactances

the Data Outputs {Qo - Qe) will retum to a high impedance
condition until the next Read operation. When alt data has
reen read from the FIFO, the Empty Flag (EF) will go low,
allowing the “inal® read cycle but inhibiting further read
operations with the data outputs remaining in a high imped-
ance state. Once a valid wrile operation has been accom-
plished, the Empty Flag (EF) will go high after twer and a valid
Read can then begin. When the FIFO is empty. the intemal
read pointer is blocked from R so extemal changes inRwilinot
atfect the FIFO when it is empty.

FIRST LOAD/RETRANSMIT (FURT)

This is a dual-purpose input. inthe Depth Expansion Mode,
this pin is grounded to indicate that it is the first loaded (see
Operating Modes). Inthe Single Device Mode, this pin acts as
the restransmit input. The Single Device Mode is initiated by
grounding the Expansion In (Xi).

The IDT7200/7201A can be made to retransmit data when
the Retransmit Enable control (RT) input is pulsed low. A
retransmit operation will set the internal read pointer to the first
location and will not affect the write pointer. Read Enable (R)
and Write Enable (W) must be in the high state during
retransmit. This feature is useful when less than 256/512
writes are performed between resets. The retransmit feature
is not compatible with the Depth Expansion Mode and will
aftect the Hall-Full Flag (HF), depending on the relative
locations of the read and write pointers

EXPANSION IN (XI) _
This input is a dual-purpose pin. Expansion in (Xi) is
grounded to indicate an operation in the single device mode.
Expansion in (XI) is connected to Expansion Out (XO) of the
previous device inthe Depth Expansion or Daisy Chain Mode.

OUTPUTS:
FULL FLAG (FF) __

The Full Flag (FF) will go low, inhibiting further write
operation, when the write pointer is one location less than the
read pointer, indicating that the device is full. If the read
pointer is not moved after Reset (RS). the Fub-Flag (FF) wi
go low after 256 writes for 1DT7200 and 512 writes for the
IDT7201A.

[ B
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1DTT2008/, IDT7201SA/LA CMOS PARALLEL
FIRSTANFIRST-OUT FIFO 258 x 9-BIT & 512 x %-8IT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

EMPTY FLAG (EF)

The Empty Flag (EF) will go low, inhibiting further read
operations, when the read pointer is equal to the write pointer,
indicating that the device is empty.

EXPANSION OUT/HALF-FULL FLAG (XO/HF)

This is a dual-purpose output. In the single device mode,
when Expansion In (XI) is grounded, this output acts as an
indication of a hali-full memory.

After haf of the memory is tilled and at the falling edge of
the next write operation, the Half-Full Flag (HF) will be set low
and will remain set until the difference between the write

pointer and read pointer is less than or equal to one half of the
total memory of the device. The Hal-Full Flag (HF) is then
reset by using rising edge of the read operation.

in the Depth Expansion Mode, Expansion In (XI) s con-
nected to Expansion Out (XO) of the previous device. This
output acts as a signal to the next device in the Daisy Chain
by providing a pulse 10 the next device when the previous de-
vice reaches the last location of memory.

DATA QUTPUTS (Qo - Qs)
Data outputs for 9-bit wide data. This data is in a high
impedance condition whenever Read (R} is in a high state.

AS % £
'[f tRSS tﬁsn1
" XXX L
r tRSS
A XXXXRXRXXXXN
7 XX 3
7. 77 XoO000CO0OAOAOCOXOOGOOOOOCGF

NOTES:

BT owod

Figure 2. Reset

1 EF FF_HF may change status during Reset. but fags will be valid at tasc

2 Wand F « Vin around the nsing edge of RS

e tRC tRPW l
| AR

_ tn pull

R ]
LO—tru.z--- ' L———tw—- , ~——-tnnz—~

Qo-Qe -—WOATA OUT VALID x g g XDATA OuT VALIDX g

: twew

vo— 10§ —ote—o mn—u

twR —ad

f—»____/

270w 08

Figure 3. Asynchronous Write and Read Operstion
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1DT72008/1, IDTT201SA/LA CMOS PARALLEL
FIRSTINFIRST-OUT FIFO 256 x 0-8IT & §12 x 9-8(T

MILUTARY AND COMMERCIAL TEMPERATURE RANGES

FIRST

LASTWRITE | «GRCRED
WRITE

FIRST READ

ADDITIONAL
READS WRITE

\

\__;r

\/

T ]

/

W08

s

—

Figure 4. Fuli Flag From Last Write 1o Firet Read

LAST READ IGNORED
READ

FIRST WRITE

FIRST

ADDITIONAL
WRITES READ

N

\_T

/

|

L REF

/S

1WEF ro—

ta

XX VAL XX

XX vauo XX

Figure 5. Empty Fleg

DATA OUT —

W 07

From Last Read to First Write

tRTC

tAT

{RTR—™

tRTS

" XXXX0

F.EF.FF

X000 XXX

~

I FLAG VALID

278 ora 08

Figure §. Retransmit

[ B
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|OTT2008/L, IDT7201SA/LA CMOS PARALLEL

ARSTINFIRST-OUT FIFO 256 x 0-8IT & 512 x QT MILITARY AND COMMERCIAL TEMPERATURE RANGES
W \
1 WEF
EF

ANV w B

pei

Figure 7. Empty Flag Timing

o 1

FF
twPF
w ;}(
2780w 10
Figure 8. Fult Flag Timing
W

lL__.__/ t t RHF -.-I
HALF.FULL OR LESS l WHF
HF —1 MORE THAN HALF-FULL

HALF-FULL OR LESS

i

2876 drw 11

Figure 9. Halt-Fuli Flag Timing

WRITE TO
LAST PHYSICAL
LOCATION

w
R
X0
2700w 12
Figure 10. Expsnsion Out
[ R] L
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IDTT2008/, 10T7201SA/LA CMOS PARALLEL
FIRSTANFIRST-OUT FIFO 256 x 9-8IT & 512 x -B(T MILITARY AND COMMERCIAL TEMPERATURE RANGES

po- tx ot it t xR |
7 Y

s WRITE TO
FIRST PHYSICAL
LOCATION /

w
txis READ FROM
v——-:l FIRST PHYSICAL
ﬁ LOCATION /
Figure 11, Expansion In Hdom1d
OPERATING MODES isina Single Device Contiguration when the Expansion in (X)
SINGLE DEVICE MODE control input is nded (see Figure 12). In the mode the

Asingle IDT7200/7201A may be used whenthe application Hgll-FuIl Flag (HF), which is an active low output, is shared
requirements for 256/512 words or less. The IDT7200/7201A  With Expansion Out (XO).

(HALF-FULL FLAG)  (HF)
?

WRITE (W) READ (R)
®
DATA IN (D) :t:) T I> DATAOUT(@)
FULL FLAG (FF) 7200/1 EMPTY FLAG (EF)
RESET (RS) RETRANSMIT (RT)

EXPANSION IN (XI) -l-

8% ow s

Figure 12. Block Diagram of Single 256/512 x 9 FIFO

WIDTH EXPANSION MODE 13demonstrates an 18-bit word width by usingtwo IDT7201As.
Word width may be increased simply by connecting the Any word width can be attained by adding additional

corresponding input control of multiple devices. Status flags 1DT7201As.

(EF . FF and HF) can be detected from any one device. Figure

HF HF
i | |9 ¢ 9 $
ODATAN (D)
- e - .
WRITEW) ——Mo | _____ e 3
— DT 0T READ (R) —
FULL FLAG (FF) e——————  7200/1A 7200/1A " EMPTY FLAG (EF)
RESET(RS) ———— o - = - - — - _
st ------ 3 RETRANSMIT (RT)
]/l ya

18
7 > DATAOUT(Q)

2w 1y
Figure 13. Block Disgram of 258/512 x 18 FIFO Memory Used in Width Expansion Mode !
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10772008/, I0T7201SA/LA CMOS PARALLEL
ARSTINFIRST-OUT FIFO 256 x 0-8IT & 512 x 9-8T

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DEPTH EXPANSION (DASIY CHAIN) MODE
The IDT7200/7201A can easily be adapted to applications

where the requirements are for greater than 256/512 words.

Figure 14 demonstrates Depth Expansionusing three IDT7200/

7201As. Any depth can be attained by adding additional

IDT7200/7201As. The IDT7200/7201A operates inthe Depth

Expansion configuration when the following conditions are

met:

1. The first device must be designed by grounding the First
Load (FL) control input. _

2. All other devices must have FL in the high state.

3. The Expansion Out (XO) pin of each device must be tied
to the Expansion In (X1) pin of the next device. See
Figure 14.

4, Extemnal logic is needed to _ggncrato a composite Full
Flag (__E) and Empty Flag (EF). This requires the ORing
of all EFs and ORing of all FFs (i.e. all must be set to
generate the correct composite FF or EF). See Figure
14.

5. The Retransmit (RT) function and Halt-Full Flag (HF) are
not available in the Depth Expansion Mode.

For additional information refer to Tech Note 9: “Cascad-
ing FIFOs or FIFO Modules™.

COMPOUND EXPANSION MODE

The two expansion technip:es described above can be
applied together in a straight forward manner to achieve large
FIFO arrays {see Figure 15).

BIDIRECTIONAL MODE

Applications which require data buffering between
two systems (each system capable of Read and Write opera-
tions) can be achieved by pairing IDT7200/7201As as shown
in Figure 16. Care must be taken to assure that the appropri-

TABLE I-RESET AND RETRANSMIT
Singte Device ConfigurationvWidth Expansion Mode

ate flag is monitored by each system (1.e., FF is monitored on
the device where W is used:. EF is monitored on the device
where R is used). Both Depth Expansion and Width Expan-
sion may be used in this mode.

OATA FLOW-THROUGH MODES

Two types of flow-through modes are permitted: a
read flow-through and write flow-through mode. For the read
flow-through mode (Figure 17), the FIFO permits the reading
of a single word after writing one word of data into an empty
FIFO. The data is enabled on the bus in (tWEF +,) ns after the
rising edge of W, called the first write edge, and & remains on
the bus until the R line is raised from low-10-high, after which
the bus woulid go into a three-state mode after tRHZ ns. The
EF line would have a pulse showing temporary de-assertion
and then wouid be asserted. in the interval of time that R is
low, more words can be written 10 the FIFO (the subsequent
writes after the first write edge will be de-assert the Empty
Flag); however, the same word (written onthe tirst write adge)
presented to the bus as the read pointer, would not be
incremented when R was low. On toggling R, the other words
that are written to the FIFO will appear on the output bus as in
the read cycle timings.

In the write flow-through mode (Figure 18), the FIFO
permits the writing of a single word of data immediately after
reading one word of data from a full FIFO. The R line causes
the FF 10 be de-asserted but the W line, being low, causes it
tobe asserted again in anticipation of anew dataword. Onthe
rising edge of W, the new word is loaded in the FIFO. The W
line must be toggled when FF is not asserted to write new data
in the FIFO and to incremant the write pointer.

For additional information refer to Tech Note 8:
“Operating FIFOs on Full and Empty Boundary Conditions®
and Tech Note 8: “Designing with FIFOs".

lnﬂu _ internal Status . Oulm ]
Mode [} [ Xi Read Pointer Write Polinter EF [id HF
Reset 0 X 0 Location Zero Location Zero 0 1 1
Retransmit 1 0 0 Location Zero Unchanged X X X
Read/Write 1 1 0 Incremen’”’ increment’’) X X X
NOTE: E L DT
1. Poinwer will increment if flag is High.
TABLE #—RESET AND FIRST LOAD TRUTH TABLE
Depth ExpansiorvCompound Expansion Mode
Inputs internal Status Outputs
Mode Tl Read Pointer Write Pointer EF “TF
Reset First Device 0 0 m Location Zero Location Zero 0 1
"Reset All Other Devices 0 1 (1) Location Zero Location Zero 0 1
Read/Write 1 X K0 X X X X
NOTE: LT

1. mnmmnniﬁoag-mam See Figure 15 RS « Resetinput FUAT « First Load/Rewansmit, EF = Empty Flag Output, FF = Flag Full Output,

X1 « Expansion Input, Halt-Full Fiag Qutput

[ B}
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1DT720081, IDT7201SA/LA CMOS PARALLEL
FIRSTINFIRST-OUT FIFO 256 x 0-BIT & 512 x 9-8T

MILUTARY AND COMMERCIAL TEMPERATURE RANGES

W — - R
r FF o7 EF l
L ya ri
) 37 : —73 720014 — /7 >a
FL vee
Xt
- — —
Full «—C l— FE EF =3 )— EWPTY
/ 10T
7200/1A 5 L_
X
X0
= 3
- 10T
L’1—/—;/ 72001A
AS —
— FL I
Xi = 200w e
Figure 14. Block Diagram of 1538 x 9 FIFO Memory {Depth Expansion)
Qo-Qs Qe-Q17 QN ON
Qo-Qs ] rQn-Qn ] [ Qne) QN
IDT7200/1A IDT7200/1A IDT7200/1A
R W RS —— DEPTH DEPTH |..... —o DEPTH
EXPANSION EXPANSION EXPANSION
BLOCK BLOCK BLOCK
{} Do -Ds {} Do -Dv? {T D(ne)-DN
Do-On cen
Do -DN D1s -DN D(n-8)-DN
2070 drw 17

Figure 15. Compound FIFO Expansion

NOTES:
1 FaMowmﬁmMmmﬁmmwhEmquwu_
2 FanqummonwmsxmmFawna
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107720084, IDT7201SA/LA CMOS PARALLEL
ARSTINFIRST-OUT FIFO 258 x 9-8IT & §12 x -BIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

Wa— _As
— or EFs
FEas—— """ —» fiFs

[)mu> Qeos

SYSTEMA C :> SYSTEM S

Aa o7 W
H_FA’_'W“
EEA‘_ p—=— F_F. Bow s

DATAN } 4

. m ~——tm—q

EF A “E
t REF

—y
fe——twer —o
—

twiz —o ta
oATAGHT L RRXHEX Graorvais)

- n
Figure 17. Read Data Flow-Through Mode
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Figure 18. Write Data Flow-Through Mode
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107720081, IDT7201SA/LA CMOS PARALLEL
ARSTINFIRST-OUT FIFO 256 x 9-BIT & 512 x %-BIT

MILUTARY AND COMMERCIAL TEMPERATURE RANGES

ORDERING INFORMATION

DT XXXX X XXX X

X

Device Type Power Speed Package

Process/
Temperature
Range

L

| SA

| LA
| 7200

* “A” 10 be included for 7201 ordering part number only.

| 7201

Commercial (0°C 10 + 70°C)
Miltary (-65°C to + 125°C)
Compliant to MIL-STD-883, Class 8

Plastic DIP

Plastic THINDIP

CERDIP

Sidebraze THINDIP

Plastic Leaded Chip Carrier
SOIC

SOJ

Leadless Chip Carrier
CERPACK

Commercial Only

Commaercial Only
Military Only
Commercial Only L Access Time

of ()
Military Only Speed in Nanoseconds

Standard Power®
Low Power®

256 x 9-Bit FIFO

512 x 9-Bit FIFO F 3, TR

[ A]
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APPENDIX G

OCTAL LATCH TECHNICAL DATA (SNJ54LS373)

SN54LS373, SN54LS374, SN548373, SN548374,
SN74LS373, SN74LS374, SN748373, SN748374
OCTAL D-TYPE TRANSPARENT LATCHES AND EDGE-TRIGGERED FLIP-FLOPS

OCTOBER 1975 - REVISED MARCH 1988

Choice of 8 Latches or 8 D-Type Flip-Flops
in & Single Package

3-State Bus-Driving Outputs
Full Parsilel-Access for Loading
Buffered Control Inputs

Clock/Enable input Has Hysteresis to
improve Noise Rejection ('S373 and 'S374)

P-N-P inputs Reduce D-C Loading on
Data Lines {'S373 and 'SIN4)

‘L8373, ‘8373
FUNCTION TABLE
ouTeutT ENABLE
™UT
ENABLE LATCH o | o
L H ) H
L H L L
L L X Qo
H X X Z
‘L3374, '8374
FUNCTION TABLE
ouTPuT cLocK o oUTPUT
ENABLE L
¥ t M H
L t L L
L L x Qg
M X X 2
description
These B-bit registers festure three-state outputs

designed specifically for driving highly-capacitive or
relatively tow-impedance losds. The high-impedance
third state and incressed high-logic-level drive provide
these registers with the capsbility of being connected
directly to snd driving the bus lines in 3 bus-organized
system without need for interface or pull-up com-
ponents. They are particularly attractive for implement-
ing butter ragisters, 1/0 ports, bidirectional bus drivers,
and working registers.

The eght lstches of the 'LS373 ana 'S373 are
transparent D-type latches meening that whie the
enable (C) 18 high the Q outputs will follow the data (D)
inputs. When the enable is taken low the output will be
latched at the level of the data that was set up.

207

SNE4LS373. SNEALSIT4, SNS483T7],
SNB48374 . . . J OR W PACKAGE
SN74L8373. SN74L5274, SNT748373.
SN748374 . . . OW OR N PACKAGE

(TOP VIEW)

SNB4ALSI73. SNB4ALSI74, SNB4ASITI,
SNB4S374 . . . FX PACKAGE

(TOP VIEW)

C for '15373 and 'S373 CLK for LS374 ang S374

N

TTL Devices




SN54L8373, SN54LS374, SN545373, SN545374,
SN74LS373, SN74LS374, SN745373, SN745374
OCTAL D-TYPE TRANSPARENT LATCHES AND EDGE-TRIGGERED FLIP-FLOPS

description (continued)

The eight fhp-tiops of the ‘LS374 and "S374 are edge-triggered D-type fip-flops. On the positive transition of the clock, the Q

outputs will be set 10 the logic states that were setup at the D inputs.

Schmitt-tnigger butfered inputs at the enable/ clock lines of the ‘S373 and 'S374 devices, simpiify system design 8s ac and dc
noise rejection 1s improved by typically 400 mV due to the input hysieresis. A buffered output control input can be used to
place the erght outputs in either a3 normal logic state {(high or iow logic leveist or a8 tigh-impedance state. in the high-

impedance state the outputs neither ioad nor drive the bus lines significantly.

The output control does not atfect the internal operation of the latches or flip-tiops. That is, the old data can be retained or

new data can be entereq even while the outputs are off.

logic diagrams (positive logic)
‘15373, '$373 ‘18374, 8374

TRANSPARENT LATCHES POSITIVE-EDGE-TRIGGERED FLIP-FLOPS
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Pin numbers shown ere for DW, J, N. and W packages.
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SN54L5373, SN54L8374, SN74LS373, SN74LS374
OCTAL D-TYPE TRANSPARENT LATCHES AND
EDGE-TRIGGERED FLIP-FLOPS

schematic of inputs and outputs

‘L8373

EQUIVALENT OF DATA INPUTS

EQUIVALENT OF ENABLE AND
OQUTPUT CONTROL INPUTS

TYPICAL OF ALL OUTPUTS

VCC_TF_— -— - vee
:: Req = 2011 NOM 17 k2 NOM
9
INPUT
m"ﬁg }
'LS374

EQUIVALENT OF

EQUIVALENT OF CLOCK

TYPMCAL OF ALL QUTPUTS

DATA INPUTS AND OUTPUT CONTROL INPUTS
vee -- vee
30 k51 NOM 17 kI NOM
INPUT
INPUT -——
Texas Q
INSTRUMENTS

POST OFFICE BOX 658012 « DALLAS TEXAS 75265
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SN541LS373, SN54LS374, SN74LS373, SN74LS374
OCTAL D-TYPE TRANSPARENT LATCHES AND
EDGE-TRIGGERED FLIP-FLOPS

absolute maximum ratings over operating fres-air temperature range (uniess otherwise noted)

NOTE

Supply voltage, Vg (see Note 1)

Input voitage
Off-state output voluqe

Operating free-air temperature rang‘ SN54LS‘

Storage temperature range

SN74LS" .

1 Voitage values are with resDect 1o network ground terminal.

recommended operating conditions

v
v
55V

.. ~85°Cto125°C
. 0°C1o70°C
—65°C 0 150°C

SNS4LS’ SN74LS' UNIT
MIN NOM MAX | MIN NOM  MAX
Veg  5uppiy voitage 4.5 5 55 | 4.75 5§ 525 v
Vol High-iever outdut voitage 5.5 $S v
IOW  High-lavel output current -1 -26 mA
2 19| Low-leve! output current 12 24 | mA
[ Pulse durstion CLK high 15 18 ns
CLK low 15 15
- o L8373 5. N »
t
: ty ota setup time Ls37a 201 201
o t Dats hoid s 2 z. n
N oid ume
‘LS4 S A
2 Ta Opersting freea:f tampersture - 88 128 0 ] °C
-
g TThe tn specitication appies only for deta fraquency below 10 MMz Designs sbove 10 MHz should use & of § ns. (C only)
[ ]
electrical characteristics over recommended opersting free-sir temperature range (uniess otherwise noted)
SNS4LS’ SN74LS’
PARAMETER TEST CONDITIONS T UNIT
MIN TYP: MAX [MIN TYP! MAX
Vim High-level input voitage 2 2 v
Vi Low-ievel input voitage 07 o8] Vv
ViK input clamp voitage Vee *MIN, 1= ~18mA -15 -13% \"
Ve *MIN, Vg2V,
v High.leve! outbut VoIt 24 4 4 v
OH 9 g0 ViL* ViLmax, Ion = MAX 3 2 3
Vi = MiN Vin" - A 4
VoL  Law-evel output vottege cc . N=2V, [lgL"12m 025 0. 0.2% 04 v
ViL ® Vi max oL * 24 mA 0.3 [ X]
Otf-state outout current, Vee = MAX, V=2V,
!
ozn high.evel voltage sppiied vVpe27V 0 2| sA
Off-state output current, Vee " MAX, Vo2V,
1 - -
ozL low-level voltage sppied Vo004V b 0| uA
1Dyt cyrrent at
b Vee " MAX, Vy=1v 0.1 01| ma
MERMUM INDUT VOItage
It High leve) 1nDut current VEC *MAX, Vi=27V 20 20[ »A
TS Low.-levet input current Vee = MAX, V=04V -04 04| mA
10§ Shortcircuit output current | Ve = MAX -30 -130 | -30 -130]| mA
e Subory current Vee = MAX, LS373 24 40 24 40 A
Output control at 45 Vv ‘L5374 27 40 27 40
TRor condiiony shown ss MIN ar MA X use the 80070DT1Ete vaius W6 f1ed UNOET FECOMMENTed opersting conditrons.
$AN tvorcal valuss are st Ve " SV, T « 28 C.
§Not MOre then 0ne OLTOUT INOUIC bE ShOTIED 81 3 LM SNd AUTSTION Of The ENOTL €17CuIt ShOUId NOT EXCERD ONE WCONA.
2.886 | Texas
NSTRUMENTS

POST OFFICE BOX 888012 + DALLAS. TEXAS 78288
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SNS54LS373, SN54LS374, SN74LS373, SN74LS374
CCTAL D-TYPE TRANSPARENT LATCHES AND
EDGE-TRIGGERED FLIP-FLOPS

switching characteristics, VCC = 5V, Tp = 26°C

FROM TO 18373 ‘L8374
PARAMETER ONDITION uNIT
(INPUT) {OUTPUT TesT C s MIN TYP MAX | MIN  TYP MAX
L tmax 35 50 Mz
1 1 1
‘:“ Oata Any Q ‘: ‘: ns
W
45 of R 687 Q
L Clock or Any Q “ ;«z:un ZL ;m 3 20 30 15 28 o
oML onadie v 18 30 19 28 *
tPZH Output 15 28 20 26
A
Pz Contral "y O 25 36 2 .|
Output
A 1 1
P2 Control ™3 [ asorn -6670 5 e
Output See Note 3
A 1 1
‘hz Control "y @ 2 20 2 20| ne
NOTES: 2. Maximum clock frequency is tested with ail outputs ipsded.
3. Load circuits and voitage waveforms are shown in Section 1
frmax ® Mmaumum clock frequency 2
tpLM ® propagation delay time. low-to-high-igvel output
tpy = propagation delay ume. high-to-low-ievel output
tpZH ™ output enabie time to high isvel 7
thZL ® Output enabie UMe 10 low level ]
tP2 @ output disadle time from high level ‘2
tPLZ @ output dissble tme trom low level >
a
wd
[
o
TEXAS 2.887
INSTRUMENTS

POST OFFICE BOX 985012 * DALLAS. TEXAS 75208
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S821AQ 111 E

SN54S373, SN548374, SN74S373, SN748374
OCTAL D-TYPE TRANSPARENT LATCHES AND
EDGE-TRIGGERED FLIP-FLOPS

schematic of inputs and outputs

EOUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS .
- vee
:’ 500
vee - - - g NOM
28 kﬂ:: ——
NOM
P
INPUT —_———— 1: QUTPUT
sbsolute meximum ratings over operating fres-air temperature range (uniess otherwise noted)
Supply voitage. Ve (see Note 1) v
Input voltage . 55V ‘
Off-state output voluge . . 85V
Oparsting free- sir temperature ranot SNSAS —55 Cto125°C
SN74S° 0°C 1o 70°C

Storage temperature range

-65°C 10 150°C

NOTE ' VOoltage veluss 878 with respect 10 NETWOrk ground termingl.

recommended operating conditions

- SNBAS' T SNTeS’ -
MIN _ NOM __ MAX | MIN __ NOM _ MAX
Suooly voltage, Vec 4.5 ] 58 | 478 L] 5.25 v
High-level output voltags. YoM 58 ! 55 v
High-level output current, 10w -2 -6% mA
. T
Width of clock/ensble pule, t,, ::: 7 : 1‘ B : ~
7, 0. +
Data mtup ume. tg, :;7: 5: 4 :: —J, ~
4
T
Dats hoid time, ty ::;: ‘:: + 'gi — ]' ”
I . PO
Operating freear temperature, T o 1) 126 1 0  ; C

2-888

s
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SN54S373, SN545374, SN74S373, SN74S374
OCTAL D-TYPE TRANSPARENT LATCHES AND
EDGE-TRIGGERED FLIP-FLOPS

electrical characteristics over recommended operating free-air temperature range (uniess otherwise

noted)
PARAMETER TEST CONDITIONS ' MIN TYPS  MAX | umiT
Vin 2 v
Vi 08 v
Vig Veg = MIN, ) = - 18 mA -12 v
SNSAS’ 24 34
v Vv = MIN, Vi = 2V, nav, | = MAX
oM SN74S cc ™ Vi, = N8 oM e 31 v
VoL Vee ® MIN, Vi = 2V, v = 08V, gL = 20 mA 0.5 v
1021 Vee = MAX, Vi = 2 V. Vg = 24V 50 nA
1021 Vee = MAX,  Viy = 2 V. Vg =05V -50 wA
Iy Vee » MAX, V= 55V 1 mA
™ Ve = MAX, V= 27V 50 A
Iy Ve = MAX, V=085V - 250 uA
| 'og! Vee = MAX -40 -100 | ma
outputs high 160
'$373 outputs low 160 2
outputs disabled 190
cc Vee = MAX outputs high 110 mA
outputs low a0 0
5374 oty o
outputs disabled 160 [X)
CLK and OC at 4 V. D inputs a1 O V 180 'S
TFar conditions shown as MIN or MAX, use the sppropriste veiue specified under recommended cperating cunditions. 8
SAIl typicel velues are st Ve - S V. Ty = 25°C
fNot more than one output shouid be shorted st 8 ume and duration of the short-crrcurt should not exceed one second. '-_l
switching characteristics, Ve = 5V, Ty = 25°C -
FROM TO0 I 373 3374
PARAMETER TEST CONDITIONS uNIT
ANPUTY HOUTRUT) MIN_ TYP MAX |MIN_ TYP MAX
e 75 100 MKz
1 7 1
‘:"" Dets Any Q ‘z ns
ML
Cy = 15pF. R =2800Q,
t 1 ] 7 14 1
LN Clock or Any Q See Notes 2 and & 8 5 ns
PHL enable 12 18 N 1" 17
A Output a 15 8 15
ZH tou! Any Q —t ns
2L Control 1" 18 1" 18
t Ou «SoF, A =2000, S 9
PHZ tput Ary O CL*SoF, L 8 9| s
L2 Control See Note ] l 8 12 7 12
NOTES 2 Maxmum clock frequency i3 tested with aill outputs loaded
4 Loag circunts and voitage wavetormns are snown in Section 1
'max @ Maximum clock frequency
L @ DIOPAGANON delay hime. Iow to-high leve! output
i @ propagation delsy time. Mgh-to-low-level output
'PZH W Output enable time to high level
P21 ® output enadle ume 10 iow level
1oMZ @ output disadbie tme trom high levet
tPL2 = output disable trme from low leve!
TEL - 2-889
INSTRUMENTS 8
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SN54LS373, SN54LS374, SN545373, SN54S8374,
SN74LS373, SN74LS374, SN748373, SN748374
OCTAL D-TYPE TRANSPARENT LATCHES AND EDGE-TRIGGERED FLIP-FLOPS

TYPICAL APPLICATION DATA

ouUTPUT 8IDIRECTIONAL BUS DRIVER
CONTROL 1 1
T T
20 20
B e 0
BIDIRECTIONAL o ‘ &« BIDIRECTIONAL
DATA BUS 1 50 ge 50 DATA BUS 2
60 e
70 70
o X ea
; J
cLocK 1 , - CLOCK 2
| L 10 Vv o
L— 20 ©X o
0 £
«@ 1S3 4o
2 oR
50 gy 50
6Q e
10 70
:‘,. 50 e
-~ ouTPUT
o CONTROL 2
®
<. CLOCK 1 a4
8 L
® sus
» exchance | [
cLock
cLOCK2 M .
CLOCK CIRCUIT FOR BUS EXCHANGE
EXPANDABLE ¢-WORD-8Y 8817 GENERAL REGISTER FILE
LSIT4OR SI74
172 SN74L5129
OR SN745139
r G Yo ‘LS374 OR 'SI74
vi
{— A VY2
ENABLESELECT | __ 1y v3 LS3740R'SIT4
‘LSI74OR'S37E
—_—
1728N74.5139 | YO Y? Y2 Y3
ORSNISI® | A 8 G

] I
clock LT
BELECT  CLOCK

Texas »
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APPENDIX H

OCTAL BUFFER TECHNICAL DATA (SNJ54LS244)

SN54L5240, SN54LS241, SN54LS244, SN545240, SN545241, SN545244,
SN74L5240, SN74LS241, SN74LS244, SN745240, SN74S241, SN745244
OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS

APRIL 1985 - REVISED MARCH 1988

* 3-State Outputs Drive Bus Lines or Buffer
Memory Address Register:

* PNP inputs Reduce D-C Loading
¢ Hysteresis st inputs Improves Noise Margins

description

These octal buffers and line drivers are designed
specifically to improve both the performance and densi-
ty of three-state memory address drivers, clock drivers,
and bus-oriented receivers and transmitters. The
designer has a choice of selected combinations of inver-
ting and noninverting outputs, symmetrical G {active-
low output control) inputs, and complementary G and G
inputs. Thesa devices feature high fan-out, improved
fan-in, and 400-mV noise-margin. The SN74LS’ ang
SN745' can be used to drive terrnated lines down 10
133 ohms.

The SN54° family s characterized for operation over the
fuilt militacy tempecature range of - 55°C 10125 C. The
SN74’ family is characterized for operation from 0°C 10
70°C.

*2G for 'LS241 and

SNS4LS'. SNS4s' .

J OR W PACKAGE

SN74LS". SN74S’ . . . DW OR N PACKAGE
(TOP VIEW)

SNS4LS'. SNS4S' .

.. FK PACKAGE

(TOP VIEW)

<
>
o~
-

3

@
P |

1)
(3]
>
20

$ 10 111213
=833
N O~

schematics of inputs and outputs

‘L5240, 'LS24). 'LS244

'S240, 'S241, ‘5244

"S241 or 2G for all other drivers

EQUIVALENT OF
EACH INPUT

vee

EQUIVALENT OF
EACH INPUT

Vcc—{:\-“
“QQ

INPUT FK

$—

i

Gana G mputs Ryg = 2651 NGM
A nputs Req = 28«2 \NOM

TYPICAL OF ALL

OUTPUTS

.- ——9¢—Vce

]

QuUTPUT

LS240. .5241 .5244

A :50..OM

$240 S24°. S244

R« 26 2 ACW
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SN54LS240, SN54LS241, SN54L5244, SN545240, SN545241, SN545244,
SN74SL240, SN74LS241, SN74LS244, SN745240, SN74S241, SN745244
OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS

logic symbols?
‘L§240. 'S240 ‘LS241. 'S241 ‘LS244, "S244
‘e 1) ﬂil ‘a 19 : ™ 'c [hi] H‘“
wke AT -, oty w2 I > ol w5 o4l
Ay | LUV Ay e e 1A <ML L TER
a3 " 1 114} w3 a3 e ,yy A3 18] 114} vy
et 02 ve Tae S0 |2t vy 180 2L L]

2 119 T % (AL} |:EN l P A1 )] ™

P71 (AU n B © 19! v FTY) ll\i_ =~ . 5] = 9 v 7Y {113 c Y () [{.] ™
a2 l|!l kd 2 M2 113 (1] ve 2 l'!l ) | [} 2
PrepL. B vy 24308 |t vy FYOpL: - |8l 7vy
248 117) [ 131 e FTvY (1] 3 Ive 24 {17} 13

TThess symbols sre in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12.

logic diagrams (positive logic)
‘15240, 240 ‘LS241, $241

N

B
3
g

W& 1)

&
&

wid 1y |18 yyy

8 vy

3

1A’

i)
1l

aiil

i

a2 l8 08 yva e 2 [C1) Al]] w2

[ 08) 4yy

fre i CLLINIZY | e vy

-
»
-

:

e 8 (17 IR 18681 Ii na e e [LFTIR
P ] @ ! PO b e ] *b

i1 é ;L"‘ 240200 é ._g_”‘ A & .A_“‘
2 ('!l |;.ﬁ_ﬂ1 U2 it |i .l"' m {113 |§ ._&",
FYY) "!l |£ -__ﬂ_l-", PYY) (18) |§ ._A)_"’ 243 s |$ i":

PYVRiL} [+ 1

f
f

ve ma M2 2 gve PVRLLL 3 ve

Pin numbers shown sre for OW. J, N, and W packages.

sbsolute maximum ratings over operating free-air temperature range (uniess otherwise noted)

Supply voitage, VO (s8® NOTe 1) . ... .. L v
Input voltage: ‘LS Cireunts. .. ..o v
'SCircunts. ... e 55V

Off-state output voitage . O P 55V
Operating free-a:r temperature range: SNS4LS SNSAS Circuits . ... ... ....... .. ... ......... -55 Cto0125°C
SN74LS’ . SN74S Crreuits . ... . ... .. ... . 0°Cro70°C

Storage temperaturerange . . ... ... ... .. .. Y - 65°Cto 150°C

NOTE 1 VOI!1ape viues 878 with respect 10 "ETWOrX grouns termnal

) Texas
2692 INSTRUMENTS .
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SN54LS240, SN54LS241, SN5415244, SN74LS240, SN74LS241, SN74LS244
OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE QUTPUTS

recommended operating conditions

N

TTL Devices

PARAMETER SNSALS SN7aLY UNIT
MIN NOM MAX | MIN NOM MAX
Vee Supply voltage (see Note 1) 45 5 55| 475 5 528 v
Vi High-evel input voitege 2 2 v
ViL Low-evsl input voitage 0.7 08 \"J
10K High-evel output current -12 -15 | mA
igL  Low-level output current 12 24 mA
Ta  Opersting free-eir tampersture -8 25 [) 70 °C
NOTE 1 Voitage values 8r@ with reapect to network ground termingl
electrical characteristics over recommended operating free-air tamperature range (unless otherwise noted)
SNS4LS’ SN74LS"
PARAMETER TEST CONDITIONS? N Tvrs MAx | Tves ] UM'T
Vi vee * MIN, hya-18maA -15 ~ 1.5 v
Hystaress Ve ® MIN 0z  os 02 o4 v
iVee =Vey_)
Ve = MIN, Vine2V. ViL = MAX, 26 34 24 34
v Ion = ~3ImA v
on Vce - MiN, Vig=2V. Vi =05V, 2 )
oM = MAX
Vec - MIN, Vine2Vv. oL = 12mA 0.4 0.4
VoL v
ViL * MAX IgL * 24 MA 05
10ZM Vee = MAX, Vik=2V, Vg=27V 20 20 uA
g2 Vi * MAX V=04V - 20 - 20
I veg = MAX, VsV 01 01 mA
™ Vee = MAX, Vy=27V 20 20 MA
e Vec ® MAX, V| =04V ~02 -02 | mA
Io*@ Vee * MAX - 40 -225 | -40 ~225 | mA
Quiputs Mgh Al 17 27 17 27
'LS240 26 44 a4
ge | Oueutiow | oo MAX. “Us2a1_Ls244 & 2746 | mA
A owman | OUtev oo Lsz40 29 s0 29 %0
disabled ‘L8241, 'L5244 32 54 32 54
* For conditions shown as MIN or MA X, use the s2OTODTSte value sDec fied under recommended opersting conditions
P AN typical valuss sre 8t Voo =3 V. Ty = 25°C
} Not more than one Output shouild be shorted st a tirne, and duration of the short-circuit Shouid NOT Exceed One second
switching characteristics, Vec =5 V, Ta = 25°C
‘L5240 T "LS241, 'LS244
PARAMETER TEST CONDITIONS WIN TYP MAX | MIN TYP MAX UNIT
PLH 9 14 12 18 nt
PHL :.‘.';:7:' Cu-aseF. 12 18 12 18 ] m
P2L 20 30 20 30 ne
Pzn 15 23 5 3| ™
Lz A =887 1. CL*SeF, 10 20 10 20 ns
tPNZ. See Note 2 15 25 15 25 ns

NOTE 2: Load circuits and voltage wavetorms sre shown in Section |

TeEXAS Q

INSTRUMENTS 2:693

POST OFFICE BOX 883012 « OALLAS TEXAS 5288

217




SNBAS SN74S’
PARAMETER TEST CONDITIONS? NIT
€ ° WIN TVl MAX | MIN TVPT MAX | ©
Vi Veg = MIN =~ 18mA -1.2 -1.2 v
2 Hysteress Voo * MIN 02 o4 02 04 v
Vpo = Vy_)
v =M Vin=2V, .|
ce N, =2 ViL*08v, 27
j o ® —1mA
Voo = MIN, V=2V, ViL=08v,
r~ Vow cc ™ v 24 34 24 34 v
c o™ ~3ImMA
Vee = MIN, Vin=2v, ViL=0sv,
® cc L] b 2 2
< oW = MAX
4 Vee = MIN, Vig=2V, Vi *08V,
o) v cc IH s . v
] oL o+ MAX 0.5 055
L tozr Vee = MAX, Vg2V, Vo-24V 50 o .
lozL Vi"08V, Vo=05V ~ 5 — 50 “
N Vee = MAX, V=58V 1 1 [ ma
[ Vee * MAX, Vi®27V 50 50 uA
Any A - “00 — 400 uhA
\ - V,;=085V
T vy Vee = MAaX, 1=08 =3 2 Yy
108 % Vee = MAX - 50 - 225 - 50 - 225 mA
‘'§240 80 123 80 135
Quiputs nigh
'S241, 'S244 95 147 95 160
'S240 100 145 100 150
[} [o] ' \" = MAX, A
cc utputs low ce Outputs open "$347 5344 120 770 720 50 m
Qutputs 'S240 100 145 100 150
d'saptec 'S241, 'S244 120 170 120 180
*for CoNaItions SNOW” 8 MIN or MA X, use The appropriate valus specif.ed under recommended operating conditions.
1 AN typica vaiues are at Ve =5 V.Ta - 25°C.
ENOt More Then 0ne OUTDUT SNOUID DE ENOTTEd BT & UiMe. BND DureTIon Ot the SAOTL-Circut thould NOT Exceed one wCond.
2.694 Texas Q
INSTRUMENTS

SN545240, SN545241, SN545244, SN745240, SN74S241, SN745244,
OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS

recommended operating conditions

SN54S° SN74S’
PARAMETER MIN NOM MAX | MIN NOM MAX unty
Vee  Supbp'y vn-tage ‘see Note 1) 45 5 55 | 4715 5 52 v
Vi  Hgh-'eve .npul voltage 2 2 \'
ViL Low-eve input voitage 08 0B v
oM M gn--eve oulput current - 12 -~ 15 mA
101 Low- eve: outout current 48 64 | mA
Extarna. res.518Nce DeTwWEON ANy NDuUt 8NT Ve O ground 40 40 k0
Ta Operating tree-ar temperature 1see Note 3} - 55 125 0 70 ‘c

NOTES 1

tron-ar Rsca. 0F nOt mare than 40 C/W

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

voum valugs arg with reIDect 10 NETWOrk groung term.nal
3. An SNS545241) operating at free-s

temperature sbove 116°C requires @ heat s:nk That Provides s therms! resstance from cese to

POST OFFICE BOX 838012 « DALLAS TEXAS 78288
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SN545240, SN548241, SN54S244, SN745240, SN745241, SN745244,
OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS

switching characteristics, Voe =5 V, TA = 25°C

‘8240 '$241, '3244
TER NDITION
PARAMETE Test co * MIN TYP MAX | MIN TYP MAX unNiT
tPLH 45 ? [} 9 "y
RL=900Q, C_ = 50pF,
X

tPHL See Note 4 L] 7 (] 1) ns

P2 10 1% 10 15 ny

tPZH 6.5 10 8 12 ns

pL2 AL =90nN, CL=5pF, 10 15 10 15 ns

PHZ Ses Note 4 8 9 8 9 ng

NOTE 4: Load circuits and voitage waveforms are shown in Section 1.
0
]
Q
o
>
a
-d
o
b=
Texas *9 2.695
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saoneq 1Ll H

) Texas
2.696 INSTRUMENTS

SN541.5240, SN54LS241, SN54LS244, SN545240, SN545241, SN545244,
SN74LS240, SN741S241, SK74LS244, SN745240, SN74S241, SN745244
OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS

ORIVER 1_ LONG-LINE o RECEIVER
V8 'L8241/320) AEPEATER REPEATER nepEATER ']'/' “LI21/5200

ojv_—-— ——————————————

L8241, '$241 USED AS REPEATER/LEVEL RESTORER

CONTROL OR mcmoﬂlm ROM/PROM

MIMORY ADORESS AEGISTER

[isze o i e iy ey ¥ g iy el

. 5!7- :

oumn{ ! Dn (
CONTROL | |
~> |
L~__1 -4 —_—— - .J

SYSTEM AND/OR MEMORY-ADDRESS BuUS

L8240/ 3240 USED AS SYSTEM AND/OR MEMORY BUS DRIVER—4-BIT
ORGANIZATION CAN SE APPLIED TO WANDLE BINARY OR BCD

1/4°'.8241/'5241 PARTY-LINE 1/4°LS261/'8241
53 ' ORIVER MULTIPLE-INPUT/OUTPUT BUS ORIVER

Fe2TT0 ="
ja | Soata "ouUT A 5> ' 4 \/Fx} weuTe

|

|.._ —|——]

oUTPUT
FoRTS ws TO OTHER
() . i
SUFPERS TogmEn
| ouTRUT & ! outruTs

sus s
CONTA NeUY TPy
l Y WA T CONTROL

INPUT
PORTS

' PARTY-LINE BUS SYSTEM
o WITH MULTIPLE INPUTS, QUTPUTS, AND RECEIVERS

INPUTPONT
CONTROL

4

ni
-4
23
»
xrreIXx
rxerezlo
} 3
>rom
rrzze
L

INGEPENDENT 4-81T BUS DRIVERL/RECEIVERS
N A SINGLE PACKAGE

*
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APPENDIX I

(SNJ54LS221)
SN54221, SN54LS221, SN74221, SN74L8221

DUAL MONOSTABLE MULTIVIBRATORS

WITH SCHMITT-TRIGGER INPUTS

DECEMBER 1983 —REVISED MARCH 1988

SNBA221, SNBALS221, SN74221 and
SN74LS221 Are Dusl Versions of Highly
Swable SN54121, SN24121 One-Shots on
a8 Mongclithic Chip

SNBA221 and SN74221 Demonstrate
Electrical and Switching Characteristics
That Are Virtually identical

to the SNE4121, SN24121 One-Shots

Pin-Out is Identical to the SN54123,
SNMIZ3, SNBALS1Z3, SN74LS13

Overriding Clear Terminates

Output Puilse

TYPICAL MAXIMUM
PR POWER OUTPUT PULSE
DISSIPATION LENGTN
SNB4221 130 mwW 2ts
SN74221 130 mW 8
SNB4LS221 23 mw o
SN74LS221 23 mw 08
description

The 221 and 'LS221 are monolithic dual muiti-
vibrators with performance characteri;tics virtually
identical to those of the ‘121, Each multivibrator
features a negative-transition-triggered input and a
positive-trangition-triggered input sither of which can
be used as an inhibit input.

Puise triggering occurs at a8 particular voitage level and
is not directly related to the transition time of the
input pulse. Schmitt-trigger input circuitry (TTL
hysteresis) for B input allows jitter-free triggering
from inputs with transition rates as siow as 1 voit/
second, providing the circuit with excelient noise
immunity of typically 1.2 voits. A high immunity to
Ve noise of typicaily 1.5 volts is also provided by
internal latching circuitry.

Once fired, the outputs are independent of further
transitions of the A and B inputs and are a function
of the timing components, or the cutput puises can
be terminated by the overriding clear. input puises
may be of any duration relative to the output pulse.
Output oulse length may be varied from 35 nano-
seconds to the maximums shown in the above table
by choosing appropriate timing components. With
Rext = 2 k§2 and Cexy » 0. an output pulse of typ:-
cally 30 nanasecands is achieved which may be used
a8 a d<trniggered reset signal. Output rise and fail
times are TTL compatible and independent of pulse
iength. Typical triggering and clesring sequences are
illustrated as a part of the switching characteristics
waveforms.

221

SNB4221. SNS4LS221 . . . J OR W PACKAGE
8N74221 . . . N PACKAGE
SN74L8221 . . . D OR N PACKAGE

(TOP VIEW)

SNB4LS221 . . . FK PACKAGE
(TOP VIEW)

FUNCTION TABLE
{EACH MONOSTASLE)
INPUTS ouTrUTS
ctean[a @8l o0 a
L x x L H
X H X L H
X x L L H
Hole o Al ar?
] i n |t u?
t: LWt et
Aiso tee description and switching
characteristics

"This condition 13 true only f the output of the iatch
formed by the two NAND gates has been conditioned
to the logrc | state prior ta CLR going mgh Thus tatch
18 conaditioned by taking either A hugh or B low while TR
18 nactive (high)

1Pyised outbut patterns are tested dunng AC switching
3t 25°C. with Rgyy = 2 k{1 Cexy = BO pF

DUAL MONOSTABLE MULTIVIBRATOR TECHNICAL DATA

N
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SN54221, SH54L5221, SN74221, SN74LS221
DUAL MONOSTABLE MULTIVIBRATORS
WITH SCHMITT-TRIGGER INPUTS

description (continued)

Puise width stability 15 achieved through internal compensation and is virtually independent of V¢ and temperature.
In most apphications, puise stathlity will only be limited by the accuracy of external timing components

Jitter-free operation is maintained over the full temperature and VC( ranges for more than six decades of timing
capacitance (10 pF to 10 uF) and more than one decade of timing resistance (2 kS2 to 30 k2 for the SNB4221, 2kQ2 to
40 k{2 for the SN74221, 2 kS to 70 k{2 for the SNS4LS221, and 2 k2 1o 100 k{2 for the SN74L5221). Throughout
these ranges. puise w'dth is detined by the reiationship: tylout) = CextRext 112 = 0.7 CexrRexy. In circuits where
pulse cutoff is not critical, iming capacitance up 1o 1000 uF and timing resistance as low as 1.4 k2 may be used. Also,
the range ot jitrer-free outpul pulse widths 1s extended 'f Vi is held to 5 volts and free-air temperature is 25°C. Duty
cycles as hugh as 90% are achieved when using maximum recommended Ry. Higher duty cycles are avalable «f a certain
amount of pulse-width jitter 1s allowed.

The variance in output puise width trom device to device is typically less than = 0.5% for given external timing compon-
ents. An example of this distribution for the ‘221 1s shown in Figure 2. Variations in output pulse width versus supply
voltage and temperature for the ‘221 are shown in Figure 3 and 4, respectively.

2 Pin assignments for these devices are identical to those of the SN54123/SN74123 or SN541LS123/SN74L5123 so that
the '221 or 'LS221 can be substituted for those products in systems not using the retrigger by merely changing the
:“ value of Rexy 3nd/or Caxt. however the polarity of the capacitor will have to be changed.
™  TIMING COMPONENT CONNECTIONS logic symbol?
(14
9 vee e B 1
92 | - 113)
< a
) A E
® o 1ETR 2L " W 3
m ‘CQII —WI c‘
A
T Sy pemx cx
Py Iy n
1
ToCent  TORext/Cont 10 ] b -
Terming Terming! p— 20
NOTE. Due 10 the mternal crrcut, the Rgye/Cexy DIN will never be 2R L A 02 .=
more positve then the Cexy OIN. 2Cpue 8! ox =2
Pin numbers shown are for D, J. N. end W packages R
72:-: AXICX
nt
schematics of inputs and outputs 1This symbot 18 in accordance with ANSY/IEEE Std. 91-1984 and
(EC Publication 617-12.
‘22 ‘LS221
e s v ———————
EQUIVALENT OF €EACH INPUT | TYPICAL OF ALL OUTPUTS EQUIVALENT OF TYPICAL OF ALL OUTPUTS
EACH INPUT
- Vee —'—1_ -
v - v
ce 100 cc R - ————— Ve
L NOM €q 12052
b Tt nOMm
- - INPUT -=1-
INPUT -
ouTeu?
ouTPUT
tnput A Ry < 25 ki: NOM
Mout A Mgy - 4 kST NOM Input B Ry, = 15 4 ki NOM
input B. Clear Moo ™ 2 k3L NOM Clear Rgq - 125 ks NOM
—
2.682 I Texas R
NSTRUMENTS

POST OFFICE BOX $35012 « DALLAS TEXAS 78268

222




SN54221, SN74221
DUAL MONOSTABLE MULTIVIBRATORS
WITH SCHMITT-TRIGGER INPUTS

recommended operating conditions

SNS4221 SN74221 uNIT
MIN NOM MAX | MIN NOM MAX
Supply voitage, Vee 4.5 5 55 | 478 5 525 v
High-level input voitage st A input. Vin 2 2 v
Low-level input voltege ot A input. Vi 08 08 v
High-level output current, IO - 800 - 800 A
Low-leve! output current, igL 16 18 mA
Rate of nss or fall of mput pulse. dvidt Schmin nout. B . ) Yis
Logic input, A 1 A Vias
A or B, tw(in} 50 50
Input puise width Cleor ¢ . 20 20 ns
Clear-inactive-state 3etup ume. tgy 15 15
External timing resistance. ﬂu&_ 1.4 30 14 40 &0
External tming capacitsnce. Coxy 0 1000 0 1000 »F
Qutput duty cycle [ Roxt = 240 L 4 “
Reny = MAX Rgye 90 90
Operating free-ar tempaerature, Ta - 58 125 0 70 °C

N

electrical characteristics over recommended operating free-air temperature range (uniess otherwise 3
noted) o
PARAMETER TEST CONDITIONS ! MIN  TYPS MAX | UNIT z
vVt . Positive-going threshold voltage at B input | Ve = MIN 1.5% 2 \ o
V. Negatve-going thrashoid voitage at 8 input | Ve = MIN 08 135 v -
Vig__Input clamp voitege Veg = MIN, | = ~12mA -1.5 v [
VoM Migh-level output voitage Vee = MIN, gy = - 800 sA 2.4 34 v -
VoL Low-level output voitage Ve = MIN, 1gp = 18 mA 0.2 0.4 v
[ Input current at Maximum input voltage Vee » MAX, v = 5.8V 1 mA
input A 40
-4 v = . =24V
Iy  High-level input current cC = MAX. v = 2 ot B, Cleer M »A
input A -1.8
. = MAX, =04 A
i, Low-level input current vee = M V) =04V Tnput B, Clesr ~32 m
SN54221 -20 -55
hort- § - A
Ig§ Short-circuit output current vee = MAX SN74227 Y T3 m
Quiescent 28 50
A
icc  Suepty current Vee = MAX Trggared Yy 50 m
"For conditions shown as MIN or MAX, use the appropnate vatue specified under recommended operating conditions
TAN typical values are st Ve = 5 V. Ty = 25°C.
$Not more than one output should be shorted at a time
I Texas 2.683
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SN54221, SN74221
DUAL MONOSTABLE MULTIVIBRATORS
WITH SCHMITT-TRIGGER INPUTS

switching characteristics, VCC =5V, TaA = 25°C

PARAMETER! FROM o TEST CONDITIONS MIN  TYP MAX|UNIT
UNPUT) (OUTPUT) v
. A Q 45 70
PLH 2 3 s
A Q 50 80
PHL B F: C reor Cext =80 pF. Reyy = 2k0 o e ™
PHL Clear Q R’L . ‘0:‘1' 27| ns
PLH Clear Q L o 40 ns
See Figure 1
and Note 2 | Cext = BODBF. Reyy = 2k22 70 110 150
= Coxt * A =2k
Twiout) AorB QorQ ex1 9. exr 2250 20 0 SOt m
Cexy = 100pF A, y= 10Kk | 650 700 750
Cext= VF. Reyy=10Kk2 | 65 7 18] ms
Yipy i @ Propagation delay tume. low-to-high-level output
tpH|. = Propagetion delay time, high-to-low-level output
twiout) @ Output puise width
2 NOTE 2° Losd circusts and voitage waveforms are shown in Section 1
-
-
F
®
<
-
[v]
®
@
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SN54LS221, SN74LS5221
DUAL MONGSTABLE MULTIVIBRATORS
WITH SCHMITT-TRIGGER INPUTS

recommended operating conditions

SN54LS221 SN74L8221
MIN NOM MAX | MIN NOM MAX
Supply voitage. Voo 4.5 L] 55 | 4.75 S 525 4
High-level input voitage at A input. Vip 2 2 v
Low-level mput voitage st B input, Vi 0.7 08 v
High-level output current, IQn -~ 400 -400 xA
Low-level output current. i 4 -] mA
‘i toil of t pulse, dv/dt Schrmire, B 1 1 vig
ate of rise or tail of input pulse. dv Logic input, A 1 1 Vigs
A or B. tyi 50 50
Input puise width wiin ns
Clear. twicigyr) 40 40
Clear-inactive-state setup time. ty, 15 15 ns
External uming resistance. Rgy; 1.4 70 1.4 100 k0
External timing capacitance. Coyy 0 1000 [} 1000 wF
o a . Ay = 2 k@ 50 30 )
utput duty cye RT = MAX Ren % % 2
Opersting free-air tempersture. Ta -55 125 0 70 °C
recommended operating conditions (g
SNB4LS221 SN74L8221 (2]
METER T A NIT B4
PARA TEST CONDITIONS MN_ TYPT MAK | MIN TVPT MAX | 3
Positive-going threshold
v = MIN 1.0 1. v
V1. voitage at B input cc 2 ° 2 Q
— Y -
vy. Negstive-gong threshold Vee = MIN 07 08 08 08 v -
voitage st 8 input -
\J] Input clamp voitege Ve = MIN, )« -18 mA -15 -15 v
Vor High-level output voitage Vee = MIN,  Ig = -4004A| 25 3.4 2.7 3.4 v
oL = 4 mA 0.2% 0.4 0.2% X )
g 1t oft v MIN v
VoL Low-level output voliege cc - oL = 8 mA 035 05
Input current at
[ \{ MAX, V 1V 1 Al A
' maximum input voltage cc = ' 0 0 m
iy High-level input current Vee = MAX, Vi = 2.7V 20 20 »A
input A -0.4 -04
L Low-level input current | Input B| Ve = MAX, Vv, = 04V -08 -08 mA
Clear -08 -08
| 195 Short-circurt output current! Ve = MAX -20 -100 | -20 -100 | ma
Qurescent 47 1 4.7 Al
- . A A
Icc  Supply » nt Ve = MAX Trggeres S 27 5 Y] m
'For conditions snown as MIN or MAX, use the appropriate value specified under recommended opergting ConaItions
LAl typical values sre st Voe = S V. Ty = 25°C.
$Not more than one output should be shorted at & tme and duration of the short-crrcuit should not exceed one second
TB“ \S 2-685
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POST OFFICE SOX §83011 + DALLAS TEXAS 78283

225




SN54LS221, SN74LS221
DUAL MONOSTABLE MULTIVIBRATORS
WITH SCHMITT-TRIGGER INPUTS

switching characteristics, VCC =5V, Tao = 25°C

FROM T0
PARAMETER?
(NPUT) OUTRUT) TEST CONDITIONS MIN  TYP MAX|UNIT
w» A a T
= 2 2 % 6| "
A Q
WL s a Coxt* B0 pF, Reyy = 2kN2 :z : ~
1My Clear Q iL - ;5:::. et
L 2 S.'; Figure 1 44 |
andNow3 | Cox1°80pF Reye2kn | 70 120 1%0
twiout) Aor8 Qord Cont* 9. Rgxt = 250 20 47 0] ™
 Con1 = 100 pF Roye = 10k | 670 740 810
Cant® VuF. Rgyy= 10k02 [ 89 15| ms

TtpLis @ Propagauon delsy time. low-to-high-level output
tpyL @ Propagation delay time, high-to-low-level output

twiout) ® Output pulse widt

2 NOTE 3: Load ¢i and volteg t ™e shown in Section 1.
-
-]
F
o
®
<.
[v]
[+ ]
(7]
EXAS »
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SN§4221, SN54LS221, SN74221, SN74LS221
DUAL MONOSTABLE MULTIVIBRATORS
WITH SCHMITT-TRIGGER INPUTS

PARAMETER MEASUREMENT INFORMATION
P— ‘nhn)—ﬂ

| pree e — = —— — - —— e ———— 3v

8 INPUT
oV
P——->60 ny—=|

PR ! v
! ] ——— - = - ————— -——-0V

:ﬁ—ﬁ- (%) [ tPHL
)

e - = - — - ————Von
aouteur | # | \
| vVou

b_—*-‘PHL H—'PLN
| )

Goureur
A nput s low. —— o — —— —— - —— VO

TRIGGER FROM 8. THEN CLEAR-CONDITION 1

————— ———3vV
B INPUT } \
i ov
|
— e e - ————— ov
_____________ — VOH
Vou

A nput 310w TRIGGER FAOM 8, THEN CLEAR-CONDITION 2
..... v
B8 INPUT % \
o >80 nu—.l ' P—"“UWD ov
j ™ ==s
CLEAR \ f
______________ ov
T ]
_f'E‘.GE_ED\ - - VOM
—————— o VoL
NOT TRIGGERED twiout)

A .nput s 10w
CLEAR OVERRIDING B, THEN TRIGGER FROM B

—— e —— o~ — = 3V
93 INPUT
1 gl ov
J— -50 s
’-——,50",—-‘ ) v
CLEAR
— - — — e— et e . = 0OV

QouTeuT / \
vou

A .nput '3 ow
TRIGGERING FROM POSITIVE TRANSITION OF CLEAR

FIGURE 1-SWITCHING CHARACTERISTICS

N
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SN54221, SN54LS221, SN74221, SN74LS221
OUAL MONOSTABLE MULTIVIBRATORS
WITH SCHMITT-TRIGGER INPUTS

PARAMETER MEASUREMENT INFORMATION

[ wlin)——=y av
A INPUT—-L- f
| N, et e e e e > = ——— ov
j—— >60 ns--—q'
J— v
CLEAR i ‘ /
| | e — - ——— — OV
PLH o 1 .,._lP:L_ — o - — VOH
Q ouTPUT : ?( ' \
n ! VoL
\ ———— 1P W
= 0 ' Vow
Q OouUTPUT )
________ v
[T Yo . ] oL
B nput s high TRIGGER FROM A, THEN CLEAR
3v

- — = = VOH

QOUTPUT f ‘
vou

[ tw(m‘"__—ﬂ

sadinaQg 111 H

— twlout) -t Vou
Soureut \ {
----- VoL
s ang ELEAN inputs sre high

TRIGGER FROM A

NOTES A InDut puises are suppPlies Oy Qenerators having the o' 'owing charscteritics. PRA € 1 MMz, 245, ™ 50 01, for ‘221, 1, € 7 A8,
1 & 7ns for LS221 1, K 18505 1y € B ns.
8 A meamrements sre mede Between the 1 § V pornts of the ndiceted transitions 10r the "221 or between the 1.3 V ponts for the
‘sz

FIGURE 1-SWITCHING CHARACTERISTICS (CONTINUED!)
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SN5422
DUAL MONOSTABLE MULTIVIBRATORS
WITH SCHMITT-TRIGGER INPUTS

1, SN74221

TYPICAL CHARACTERISTICS ('221 ONLY)?

DISTRIBUTION OF UNITS
for

VARIATION IN OUTPUT PULSE WIDTH

vs
OUTPUT PULSE WIDTH SUPPLY VOLTAGE
1% T
Vcc : sov 5 CQXI =60 DF {
g - TA =25°C 3 - Rext * 10 k2 :
s % Ta=25°C :
5 3 0.5% }
g e
3 g
§ S
3 ; o twiout) = 420 ns
g 2 avec=5v  __ |
u s
g 5
3 1 —05% 2
« MEDIAN MEDIAN 2
~05% +0.5% 3 ‘g
L D : | 1 8
MEDIAN >
98% OF UNITS 45 4.7% 5 525 55 ®
twiout)—Output Pulse Width Vce—-Supply Voltage—V (=)
FIGURE 2 FIGURE 3 -
[
-
VARIATION IN OUTPUT PULSE WIDTH OUTPUT PULSE WIDTH
vs vs
FREE-AIR TEMPERATURE TIMING RESISTOR VALUE
1“ T L
£ vee =5V
z - Cext = 60 oF
¥ Rext = 10 k2 "
3 05% + + ]
< P z
2 L. -~ s
3 | 4 2
€ 0% . twiout) *420ns {3
§ | ! atTa =25°C g
. ) ¢ i
: N 3
3 -05% . 2
3 ! ! " om
3 ] fvee 5V _Ses
3 ; e :FEt Note 4 ;:2:.’3‘&
9 -1% : . 10 ns TA'2_5C nl'sxei ou; N
-7 -50 -25 0 25 50 75 100 125 1 2 4 710 20 40 70100
Ta--Free-Awr Tempaerature—"C Rext—Timing Resistor Value—k 1
FIGURE & FIGURE S
NOTE & Thete ve:ues Of resstance eXCoC the MaRIMum recommenasd for use Over the fu'l tempersture range of the SNS4221
'Data tor temperstures pelow 0°C and soove 70°C. sna for suppiy voitages below 4 75 V and sbove 5.25 V sre sopiicabie 10r the SN54221
onty
Texas Q’ 2.689
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APPENDIX J

DUAL D-TYPE FLIP FLOP TECHNICAL DATA (SNJ54LS74A)

SN5474, SN54LSTAA, SNSASTA,
SN7474, SN74LSTAA, SNT4ST4
DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR

OECEMBER 1980 — REVISED MARCH 1968

N

TTL Devices

o Package Options Include Plastic “*‘Small SNS474 .. ) PACKAGE
Outline’’ Packages, Ceramic Chip Carriers SNS‘LSN:& ::015:374'«‘.’. ‘J c:: ‘\': PACKAGE
;'::.ﬂ" Packages. and Plastic and Ceramic SN74LS74A, SN74874 .. . D OR N PACKAGE

ITOP VIEW)
¢ Dependabie Texas Instruments Quality and d
Reliability 1CR
‘DE
1CLK
description g
These devices contsin two independent D-type mC
positive-edge-triggered flip-flops. A low level at the 1ag
preset or clear inputs sets Or resets the outputs GNDC
regardiass of the levels of the other inputs. When preset
and clear are inactive {high), dsta at the D input meeting SNG4T4 . . . W PACKAGE
the setup tme requirements ars translerred to the TOP VIEW)
outputs on the positive-going edge of the clock pulse.
Clock triggering occurs at a voltage level and is not ek
directly related 10 the rise time of the clock pulse. 100
Following the hoid time interval, cata at the D input may 1TRG
be changed without affecting the lave:s at the outputs. veeQ
2CR(Q
The SN54° family is characterized for operation over the 200
full mibtary temperature range of -55°C to 125°C. 2cik Q]
The SN74’ family is charactenzed for operation from
0°Cto70°C.
SNSALS74A, SNB4AST4 . . . FX PACKAGE
FUNCTION TABLE (TOP VIEW)
INPUTS QUTPUTS «
TLR_Clk Dla_ o aldg?lg'
N " X X[ W L —
u L x X L H J 212
L L x  x|nt ut 1CLk] « 18(]20
- - ' " |w“ L NC{] s 17[INC
~ " Lt “ 1PRE ¢ 18[j2CLK
H H L x|a Qo NC{)? 18(INC

14} 2PRE

T The outout 18ves 1n TRis CONtiguretiOn #r@ NOTt guaranteed

10 MOt LNE MM MuUm IevaIs 1A V gy 1f thE 10ws 8T Dreset
and c'esr are nesr V(| manimum. Eurthesmore. this con- 00 QOO
11 Quration .4 AONITEDIE THET 13, 1t Wil NOT DErsst when -2 Z NN
G1tREr DFOBE OF CIOBT FETLTAS 10 1TH INGCTIVE (Pigh| fever 4

NG - No interngl connecton

logic diagram (positive fogic}

T “" s LI ‘
ke [T m——
L Arreres i ~NILIST b !
1ICLR m i

_’b \ )
:::: uy 2L TR~ ; Q
_’B%I'L— SO 28 .

"““ SymMDO! 18 N JCCOrOINCE with ANSI €EE Sta 91.1984

anro 1€C Putiication 61712 f ?
Pin numbers shown are tor O J. N #nd W pachages o :

230

logic symbol$




SN5474, SN7474, SN54874, SN74S74
DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR

schematics of inputs and outputs

seone(g 111 m

74
EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
vee ——1}——— == -- Vee
S Aeq
qr 130 2 NOM
INPUT - _——-
oLTPUT

HLUMAX  Req NOM

-16mA 4 kg

-3.2mA 2k

$74
EOUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
Vee
Vee ==
Req
INPUT -
OUTPUT

NLMAX Mgy NOM

—2mA 28%0

—AmA 14%n

s maA %o

2-23¢
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SN5474, SNS4LS74A, SN54S74,
SN7474, SN74LS74A, SN74S74
DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR

schematic
‘LS74A

>
o xn 16k 2160

1200

&
9x0

1200

N

le. ol b
y S IS 2
&~ edd Q
6.0 6% ‘S
[}
(o]
-
. =
-
80 V
3
cLK ¢ V 338 k2
3kn
’ § *
~ —
0.______¢5’J
R 2 r Y
h 4
L -3 GND
sbsolute maximum ratings over operating free-air temperature range (uniess otherwise noted)
Supply voltage, Vcc (see Note 1} . . A"
input voitage: 74, 'S74 .. . .. . . 55V
CSTEA . . JE . . 7V
Operating free-air temperature range: SN54 -55°C to 125°C
SN74° . .. . 0°C to 70°C
Storage temperature range . . . .. . ... ... .. -65°C to 150°C
NOTE 1 Voltage values 5@ with 1espect to Network ground termmat
! 2-237
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a 111 g

S3JIND

SNS474, SN7474
DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR

recommended operating conditions

SNS5474 SN7474 uNIT
MIN NOM MAX | MIN NOM MAX
Vee Suop v vortage a5 5 55 | 475 5 525 A
Vi Hign -eve: 'npu’ vortage 2 2 v
Vi, Low-ievel nput voitage 08 08 v
iQM  Mign-ieve' output current -04 -04 mA
1QL  LOw: evel Output Current 16 16 | maA
CLK nhigh 30 30
e Pyise duration | CLK Jow__ 37 37 ns
PRE or CLR iow 30 30
ty,  1NDu! setup ime betore CLK * 20 20 ns
T input "Old Lime-data sfter CLK * 5 5 ng
Ta  Operat.ng free-air temperature - 55 125 4] 0 <=C

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

SNE4T4 SN7474 !
PARAMETER TEST CONDITIONS?!
win_ TVPT max | win Tvel wax | VT
Vi vee = MIN, s =-12mA -15 -15 v
Vee® MIN, ViH= 2V, ViL=08v,
Vou iom = — 04 mA 24 34 24 34 v
Ve ® MIN, Vik® 2V, ViL*08v,

VoL IoL = 16 mA 0.2 X 02 0.4 v
M Vee ® MAX, Vie55V 1 1 [ mA
2] 40 40
hu | LK 120 120 | WA

Voo = MAX, V=24V

Al Other cc 1=2 80 80

[*] -16 -16

PRES -16 -16
| Ve ™ MAaX, V=04V A
LOEEy | Ve ' =33 32 | "

CLK -3.2 -3.2
lost Vee = MAX -20 ~57 |-18 -57 | maA
ce? Ve = MAX, See Note 2 85 1% 85 15 | mA

TFor conditions shown ss MIN 0r MAX use the 8ppropriate value fied under \ded opersting

SAIt typicel values sre 81 Vee = S V. Ty = 25°C
SCiesr 1s tested with preset high snd preset i tested wrth ciear high
INoOt more than one output should be shown st & time.

%averasge per thp-ficp.

NOTE 2. Wun sl outputs open. Icc '8 measured with the Q and 5 outputs high in turn. At the tme of measurement. the clock mput 18

grounded

switching charateristics, VCC =

5V, TA = 25°C (see note 3)

FROM TO
L4 R

ARAMETE HNPUT) 1OUTAUT) TEST CONDITIONS MIN TYP MAX | UNIT
fmax 15 25 MHZ
L — — - 25 ng

PRE or CLA QorQ
\LLaIN R - 400 0, CL * 15pF 40 ns
- 14

M%) LK Qor B % ny
1Pm) 20 40 ny

NOTE 3 Loac crcuits and voltage waveforms are shown n Section 1

2-238
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SN54LS74A, SN74LS74A
DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR

;;mmndod operating conditions

ul SNSALST4A snraiszea |
MIN NOM MAX | MIN NOM MAX
vee Supply voltege 45 5 55 | 475 5 545 v
Vin High-level 1nput voitage 2 2 \'
Vi Low-level input voitage Q.7 0.8 v
oM High-level output current -04 ~04 mA
oL Low-level output current 4 8| mA
felock  Clock frequency ] 25 0 25 | MHz
CLK high 25 25
tw Pulse durstion PRE or CLR low 25 3 b
High-levei dats 20 20
[ Setup ume-before CLK t Love.eve! date e 2
th Hoid ume dets after CLK * S ] m
Ta Operating fres-air tempersture - 55 128 ] 70 °c

slectrical characteristics over recommended operating free-air tempersture range (uniess otherwise noted)

SNSALST4A SN74L874A
t
PARAMETER TEST CONDITIONS WiN_ TYPT WMAX | MIN TVPT MAX uNItT
Vix Vee = MIN, Iy » =18 mA -15 -15 v
- Vin® MAX,
Vor Ve =Min, LR 25 34 27 34 v
ton ® =04 mA
- - v,
vee - MIn. ViL SMAX, Vi = d 0% 04 028 o4
oL "
VoL v
- 2v,
Vee = MIN, ViL " MAX, Viq* 035 08
g =8 mA
D or CLK 0.1 0.1
- - mA
" R or Vee TMAX. vy =7V 02 92
0 ar CLK 20 20
- -2 A
(") o Vee = MAX, V=21V rm rm "
D or CLK -04 -04
- - A
hy o Vee * MAX, Vi=04V Y ~08 m
lo;’ Vee = MAX, See Note & -2 -100 | =20 - 100 mA
ice Totan Voo = MAX, Ses Note 2 4 8 4 8| mA

1 For conditions shown ss MIN or MAX_ use the 070D aTe value specifi#d under recommaended opersting conditions.
1 Al typical valuss are ot Ve = SV, T4 = 28°C.
§ Not more then one output should be shorted 8t & Time, and the duration Jf the shart circuit shouid NOt Ixceed ONE SICONT.
NOTE 2 With all outputs open, Ieg s messured with the Q and 6 outputt high in turn. At the ttme of messurement, the clock nput s

NOTE &

grounded.

FOr corteIn GOVICE Whers STB1E COMMULETION Can DO CauNa by sNOTTIAG 8N OUTDUT 1O GrouNd. &N AQuUIVBIENT test may DS performed
with Vo = 2.25 v and 2 128 ¥ for the 54 farmily and the 74 family, res0ectively, with the minimum and maximum himity reduced to

ane hatf of thesw stated veiues.

switching characteristics, VG =5 V, TA = 25°C (see note 3)

FROM T0
PARAMETER TEST I TION: N T
ETE " T OUTPUT! CONDITIONS MIN TYP MAX { UNIT
fmax % 33 MMz
Y A — - Ry * 2kMQ2. CL=150F 13
PLM CUR. PRE or CLK Qord L Loee ol
ML 25 40 ns
Note 3 Losd crcuts and voitage waveforms are shown in Section 1
TEXAS *
INSTRUMENTS
POST OFFICE BOX 635012 » DALLAS TEXAS 75268 2-239
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SN54S874, SN74574
DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR

recommended operating conditions

SN54574 SN74574 uNIT
MIN NOM MAX | MIN NOM MAX
Vee Supp v voitage 45 5 56 | 475 S 8§25 v
Vin High-eve: input voitage 2 2 \4
Vip  Low-ieve! input vo'tage 08 08 v
10w Mgh-'eve: output current -1 -1 mA
'OL  LOow-leve: output current 20 20 mA
CLK n gh [ 6
Tw Pulse durston CLK tow 7.3 73 ns
[ CLR o PRE ow 7 7
ty,  Setup ume, before CLK * :::::::: :::: ; : ns
th ___input hoid ume - oata after CLK * 2 2 s
Ta Operat'ng free-a:r temperature - 55 128 [} 70 °c

N

eloctrical characteristics over recommended operating free-sir tempersture range (uniess otherwiss noted)

SNS4S74 SN74874
PARAMETER TEST CONDITI A 1h g
- ons win_ TYP? max | min_ Tvel wax | OV
- Vik Vee * MIN, Iy =—18mA, -1.2 -12 v
| et Vee = MIN, Vime2v, ViL =08V,
v, . X 8 4
o on low = — 1 mA 25 34 27 3 v
® — Vg " MIN, Vig=2V. ViL=08V,
<, Vou oL =20 mA 05 05 | v
8 I Vee " MAX. V=58V 1 1] mA
P *] 50 50
™ VEg *MAX, Vv e27V 150 150 | »A
PRE or LK 100 100
2] - 2 -2
i) -6 -6
| vee = MAX, V=05V
D e - = —e] ™
cLK ~4 Py
oSt Vee = MAX - 40 - 100 | -40 -100 [ mA
cer Vee = MAX,  See Note 2 3 15 25 | mA
TFor conditions shown as MIN or MAX, use the spproprate vaive speciiied under 0 Q
LAl typicel vatues are 8t VCE = S V. Ta = 25°C
INOt more then one outbut Should be Shorted 8t 8 time, end the durst:on of the short crcurt shoutld not exceed one second
1Cionr 15 tested with preset high and preset 1s tested with clear high
'Amm per ip_Nop
NOTE 2 With alt outputs open iCC 18 messured with the Q and T outputs high n turn At the time of Measurement. the CIOCK NPWE B
grounded
switching characteristics, VCC = 5V, TA = 25°C (see note 3)
FAOM 10
PARAMETER TEST 1T 1] P
ETE (INPUT} (OUTPUT) €ST CONDITIONS MIN T MAX | UNIT
fmax 75 110 MHz
) il T Qor G 4 6]
PEE or CLA (CLK hgh) _ g 13§
1 A = LR
tPuL PRt o CLR CLK low) QorQ L*280 0, CL " 15pF Y e "
PL LK QoS 6 9 [
ML 6 9 L]
NOTE 3 Load crcusts and voltsge waveforms are shown n Section )
2-240 g
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APPENDIX K

QUADRUPLE POSITIVE NAND GATE TECHNICAL DATA

(SNJ54LS00)

SN5400, SN54LS00, SN54S00,
SN7400, SN74LS00, SN74S00
QUADRUPLE 2-INPUT POSITIVE-NAND GATES

DECEMBER 1983 - REVISED MARCH 1388

@ Pacikage Options Include Plastic *'Small SNS400 . J PACKAGE
Outline’’ Packages. Ceramic Chip Carriers SNS4LS00. SNS4S00 . . J OR W PACKAGE
and Flat Packages. and Plastic snd Ceramic SN7400 . . . N PACKAGE
DIPs SN74L§00. SN74500 . . . O OR N PACKAGE

(TOP VIEW)
® Dependabie Texas instruments Quality and
Reliabitity 1wy Wlvee
18 2 1348
description Q@ 12Daa
. 2A (e ey
These devices contain four independent 2-input- 28 s 100 38
NAND gates. 2v Qs o) 3A
The SN5400, SN54LS00. and SN54S00 are ° GNO (- 83y
characterized for operation over the full military
temperasture range of -55°C to 125°C. The SNS400 . . W PACKAGE
SN7400. SN74LS00. and SN74S00 are (TOP ViEW)

characterized for operation from 0°C to 70°C.

1A
FUNCTION TASLE (each gate) 1B 5
1vQg
INPUTS ouTPLT Vee [
A 8 Y :ZE
L] ] L 28 C
L X L]
X L H
SNS4LS00. SN54S00 . FK PACKAGE
logic symbol? {TOP VIEW)
O« W 8 @
1A (81 s o -2 > v
o2 P
e 1Y []a 18(] 4A
= S NC s {0 NC
w3 2a 6 6 4y
- NC )7 NC
L e | (L1 28 {Js 4 (]38
| S
3 2 W 9 1011121)
a2 . x2%323
K] | RIS ay U]
a8 ———d
NC - No inteenal conngction
"Trs symbol 's 10 accordance with ANSI 1EEE Std 91.1984 and logic diagram (positive logic)
1EC Pubticatan 81712
Bin numbers shown are ‘or D J and N pachages 1A
Y
o >—
A p
ol D S
28
3a
] 3
38
aA
-
48
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SN5400, SN54LS00, SN54500,
SN7400, SN74LS00, SN74500
QUADRUPLE 2-INPUT POSITIVE-NAND GATES

schematics (sach gate)

00
— Vcc
Qe 216Ky 21300
A—q
8 Y
y
2 1 -
<
<
,J, &— GND
‘LS00 'S00
- vVee Vee
= 220k S Ban ‘E 120 0 $ < $
- 3 vs 4 $ 28k $ 900 1 :: 50 ¢
g f
@
<
(v}
o
]
\]
GND
Res:sior values shown are noming!
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voitage, VcC isee Note 1) . .. . L T AV
Input voitage: ‘00, 'SCO ... .. . o 55V
‘LS00 Lo A . . S 7V
Operating free-air temperature range: SNS54° . . o ~55°C to 125°C
SN74’ . T 0°C to 70°C
Storage temperature range . . -65°C to 150°C
NOTE 1 Voltage vaiues sre with respect 10 network ground terming
2.4 TEXAS
INSTRUMENTS

POST OFFICE BOX 855012 » DALLAS TEXAS 785288

237




QUADRUPLE 2-INPUT POSITIVE-NAND GATES

SN5400, SN7400

recommended operating conditions

SN5400 SN7400
UNIT
MIN NOM MAX | MIN NOM MAX

Ve Supply voltage 45 £ 55 475 S 526 v
ViW High-ievel input voitage 2 2

ViL Low-ievel input voitage X} o8] Vv
oM High-levet output current -04 -04]| mA
toL  LOow-level output Current 16 16 mA
Ta  Operating free-av temperature - 58 125 0 ) °c

electrical characteristics over recommended operating free-air temparature range (unless otherwise noted)

PARAMETER TEST CONDITIONS T Shsa00 SN74 UNIT
MIN TYPE MAX | MIN TYPS MAX
ViK Veg*MIN, == 12mA -15 -1s| v
VoM vee " MING ViL=08V. lon=-04mA 24 34 24 34 v
VoL VCC*MIN,  Viy=2V. g =16mA 02 o0 02 oef v
1y Vee "MAX, v =58V 1 1] ma
'™ Vec TMAX,  vi=24V 40 40 | wA
™ Vee ® MAX, V=04V -16 ~16 mA
losé Ve * MAX -20 -5 | -18 -55| mA
eCH Ve * MAX, Vi=0vV 4 8 4 8 mA
ecL Veg " MAX, V=4SV 12 22 12 22| mA

t Bor cONA1ONS ShOWN 88 MIN Or MAX, use the SODTODT e vaiue 198 1ied Under recommended operasting cond tions.

t Al tvpicat vaues sre st Voo 2 S V. T4 = 28°C
§ Not mare then ane outPUT INOUIT DO ShOrted 8T & Tima.

switching characteristics, VoC = 5 V., TA = 26°C (see note 2)

FROM T0
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
(INPUT) 1OUTPUT)
PLH 11 22 ns
AorB Y R =400 03, CL=150F
oML 7 15 ns

NOTE 2 Load circuits snd voltage wavetorms are shown in Section 1

TEXAS ‘”
INSTRUMENTS

POST OFFICE BOX 839012 ¢ DALLAS TEXAS 78268
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SN54L5S00, SN74LS00

QUADRUPLE 2-INPUT POSITIVE-NAND GATES

recommended operating conditions

SN541500 SN74.500
UNIT

MIN NOM MAX | MIN NOM MAX
Ve Suoolv vo'tage 45 5 55 | 475 5 625 v
Vim Q" evel ;npu' voitage 2 2
Vi_ LOw-levei \nput vo'tage 07 08
10W  HiQh ever 0utDUl Cyurrent -0¢ -04 mA
QL LOw- eve outout Current 4 8] ma
Ta Ooerat ng'ree.ar temprature - 55 125 o] 70 °c

electrical characteristics over recommended operating free-air temparature range (u

niess otherwise noted)

SNS4LS00 SN741.500
PARAMETER TEST CONDITIONS 1 UNIT
MIN TYPE MAX | MIN TYPE MAX
2 Vik vee * MIN I s - 18ma -5 -15 1 v
7. Ve * MIN. Vi * MAX, o= -04ma 25 34 27 34 v
- Ve * MIN, 2V, oL * 4mA 025 04 025 04
- vou v
- vVee " MIN, V2V, oL =8 ma 03 05
U N vee " MAX, v =TV 0.1 01 mA
[ '™ Vee *MAX, v =27V 20 20 A
g- e Vee =MAX. Vv =04V -04 -04 | ma
8 los§ Veg » MAX -20 -100 | -20 -100 | maA
ceH VEe e MAX,  vys0V [:X:] 16 08 16| ma
iccL VCC "MAX, Vv =45V 24 4 24 44| ma
T For cong 1:0ne shown 88 MIN 0r MA X, use the 80700 ate valus s0eci!18d UNAer recOmmMended 0Persting cond tioNs.
TAItypicst valuss sre 8t Vec =SV Ty = 28°¢
§ NOt more then 0ne OuTtOUT SNOUIC DE SNOTTE 81 8 1iMe. #nd the duret:On Of thE ShOI-Circu 1t SNOuld NOt ExXCOed ONE MCOND
switching characteristics, Ve = 5 V, Ta = 25°C (see note 2)
FROM TO
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
{INPUTY OUTPUT)
LK 9 1% L]
AorB Y A2k, Cp = 150pF
oML 10 15 n
NOTE 2 Load circuits and voitage wavelorms are shown in Secuon 1
2-6 XAS %

E
INSTRUMENTS
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SN54500, SN74S00
QUADRUPLE 2-INPUT POSITIVE-NAND GATES

recommended operating conditions

SN§4500 SN74500
UNIT
MIN NOM MAX | MIN NOM MAX

vee  Suepiy voltage 45 S 55 | 475 5 526 v
Vip High-ievet input voitage 2 2

Vi, Low-ievei input voitage 08 o8 v
oW Mgh-level output Current -1 -1 mA
101 Low-ievel output current 20 20 mA
Ta  Operatng free-air tempersiure - 58§ 128 0 0 °c

electrical characteristics over recommended operating free-air temperature range (uniess otherwise noted)

SN54S00 SN74S00
PARAMETER TEST CONDITIONS T UNIT
MIN TYPE MAX [MIN TYPE MAX
ViK Ve = MIN, 2 -18mA -12 -12
Vom vee * MIN, ViL"08V. ign*-tma 25 34 27 3
VoL vee * MIN, Vig=2V, gL *20mA 05 0% v
" vee = MAX, Vi*58Vv 1 1 mA
™ Ve *MAX. v =27V 50 50 uA
TS Ve * MAX, V=05V -2 -2 mA
—
108§ vee T MAX -40 -100 | -40 -100 | mA
tcen vVee * MAX, Viea0V 10 16 10 16 | mAa
iceL Vee " MAX,  VysaSV 20 36 Fe0) 36 | mA
1 For cONGTIONS shown #8 MIN Or MA X use The 20070071810 va' ul $08C 1 1@0 LUNTE’ *ECOMmMENded ODETALNG CONITIONY.
3 Al typicat valusnare 8t Ve "3 V. Ty @ 25°c
§ Not mare than ong outPu? INOLID DE NOTIEd AT § hime. BNC the Gurat:On OF TRE SRACT C.7Cu T SAOUID NOTt SXCI8d ONe sCcOnd
switching charactaristics, VCC * 5 V, Ta = 25°C (see note 2)
FROM TO
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
(INPUT) oUTPUT)
P 3 a5 g
Ry * 280 Q2. CL = 150F
PHL 3 5 ns
AorB Y
P a5 ~s
Ry =280 Q. C: .ofF
PHL 5 s

NOTE 2 Loag crcusts and vortage wavelorms are showr r Secior !

TeExas 'k’

INSTRUMENTS

POST OFFICE BOX 855G 2 » DALLAS TEnAS “426%
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APPENDIX L

SUMMARY OF DATA WORDS LOST FROM ORIGINAL MUSTANG
FLIGHT DATA

Word in| Wavelength Words

Spectrum A Lost
1 1800.000 1
2 1803.133 2
3 1806.266 3
4 1809.399 4
[ 1812.532 5
6 1815.665 6
7 1818.798 7
8 1821.931 8
9 1825.064 9
10 1828.197 10
11 1831.330 11
12 1834.463 12
13 1837.596 13
14 1840.729 14
15 1843.862 15
16 1846.995 16
17 1850.128 1
18 1853.261 1
19 1856.394 2
20 1859.527 3
21 1862.660 4 |
2 1865.793 5 |
23 1868.926 6
24 1872.059 7
25 1875.192 8
26 1878.325 9
27 1881.458 10
28 1884.591 11

| 29 1887.724 12
30 1890.857 13
31 1893.990 14
32 1897.123 15
33 1700.256 16
34 1903.389 2
35 1906.522 1
36 1909.655 2
37 1912.788 3
38 1915.921 4
39 1919.054 5
40 1922.187 6 |
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41 1925.320 7
42 1928.453 8
43 1931.586 9
44 1934.719 10
45 1937.852 11
46 1940.985 12
47 1944.118 13
48 1947.251 14
49 1950.384 15
50 1953.517 16
S1 1956.650

52 1959.783 1
53 1962.916 2
54 1966.049 3
55 1969.182 4
56 1972.315 5
57 1975.448 6
58 1978.581 7
39 1981.714 8
60 1984.847 9
61 1987.980 10
62 1991.113 11
63 1994.246 12
64 1997.379 13
65 2000.512 14
66 2003.645 15
67 2006.778 16
68 2009.911

69 2013.044 1
70 2016.177 2
71 2019.310 3
72 2022.443 4
73 2025.576 5
74 2028.709 6
75 2031.842 7
76 2034.975 8
77 2038.108 9
78 2041.241 10
79 2044.374 11
80 2047.507 12
81 2050.640 13
82 2053.773 14
83 2056.906 15
84 2060.039 16
85 2063.172

86 2066.305 1
87 2069.438 2
88 2072.5N 3
89 2075.704 4
90 2078.837 5
9 2081.970 6
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92 2085.103 7
93 2088.236 8
94 2091.369 9
95 2094.502 10
96 2097.635 11
9 2100.768 12
98 2103.90 13
99 2107.034 14
100 2110.167 15
101 2113.300 16
102 2116433

103 2119.566

104 2122.699 1

105 2125.832 2
106 2128.965 3

107 2132.098 4
108 2135.231 5
109 2138.364 6
110 2141.497 7
111 2144.630 8

112 2147.763 9
113 2150.896 10
114 2154.029 11
115 2157.162 12
116 2160.295 13
117 2163.428 14
118 2166.561 15
119 2169.694 16
120 2172.827

121 2175.960 1

122 2179.093 2
123 2182.226 3

124 2185.359 4
125 2188.492 5

126 2191.625 6
127 2194.758 7

128 2197.891 8

129 2201.024 9

130 2204.157 10
131 2207.290 11
132 2210.423 12
133 2213.556 13
134 2216.689 14
135 2219.822 15
136 2222955 16
137 2226.088

138 2229.221 1

139 2232.354 2

140 2235.487 3

141 2238.620 4

142 2241.753 5
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143 2244.886 6
144 =248.019 7
145 2251.152 8
146 2254.285 9
147 2257418 10
148 2260.551 11
149 2263.684 12
150 2266.817 13
151 2269.950 14
152 2273.083 15
153 2276.216 16
154 2279.349 10
155 2282.482 1
156 2285.615 2
157 2288.748 3
158 2291.881 4
159 2295.014 5
160 2298.147 6
161 2301.280 7
162 2304.413 8
163 2307.546 9
164 2310.679 10
165 2313.812 11
166 2316.945 12
167 2320.078 13
168 2323.211 14
169 2326.344 15
170 2329477 16
171 2332.610 11
172 2335.743 1
173 2338.876 2
174 2342.009 3
175 2345.142 4
176 2348.275 5
177 2351.408 6
178 2354.541 7
179 2357.674 8
180 2360.807 9
181 2363.940 10
182 2367.073 11
183 2370.206 12
184 2373.339 13
185 2376472 14
186 2379.605 15
187 2382.738 16
188 2385.871 12
189 2389.004 1
190 2392.137 2
191 2395.270 3
192 2398.403 4
193 2401.536 5
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194 2404.669 6
195 2407.802 7
196 2410.935 8
197 2414.068 9
198 2417.201 10
199 2420.334 11
200 2423.467 12
201 2426.600 13
202 2429.733 14
203 2432.866 15
204 2435.999 16
205 2439.132 13
206 2442.265 1
207 2445.398 2
208 2448531 3
209 2451.664 4
210 2454.797 s
211 2457.930 6
212 2461.063 7
213 2464.196 8
214 2467.329 9
215 2470.462 10
216 2473.595 11
217 2476.728 12
218 2479.861 13
219 2482.994 14
220 2486.127 15
221 2489.260 16
222 2492.393 14
223 2495.526 1
224 2498.659 2
225 2501.792 3
226 2504.925 4
227 2508.058 5
228 2511.191 6
229 2514.324 7
230 2517.457 8
231 2520.590 9
232 2523.723 10
233 2526.856 11
234 2529.989 12
235 2533.122 13
236 2536.255 14
237 2539.388 15
238 2542.521 16
239 2545.654 15
240 2548.787 16
241 2551.920 1
242 2555.053 2
243 2558.186 3
244 2561.319 4
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245 2564.452 5
246 2567.585 6
247 2570.718 7
248 2573.851 8
249 2576.984 9
250 2580.117 10
251 2583.250 11
252 2586.383 12
253 2589.516 13
254 2592.649 14
255 2595.782 15
256 2598.915 16
257 2602.048 1
258 2605.181 2
259 2608.314 3
260 2611.447 4
261 2614.580 5
262 2617.713 6
263 2620.846 7
264 2623.979 8
265 2627.112 9
266 2630.245 10
267 2633.378 11
268 2636.511 12
269 2639.644 13
270 2642.777 14
271 2645.910 15
272 2649.043 16
273 2652.176 17
274 2655.309 1
275 2658.442 2
276 2661.575 3
277 2664.708 4
278 2667.841 5
279 2670.974 6
280 2674.107 7
281 2677.240 8
282 2680.373 9
283 2683.506 10
284 2686.639 11
285 2689.772 12
286 2692.905 13
287 2696.038 14
288 2699.171 15
289 2702.304 16
290 2705.437 18
291 2708.570 1
292 2711.703 2
293 2714.836 3
294 2717.969 4
295 2721.102 5
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296 2724.235 6
297 2727.368 7
298 2730.501 8
299 2733.634 9
300 2736.767 10
301 2739.900 11
302 2743.033 12
303 2746.166 13
304 2749.299 14
305 2752432 15
306 2755.565 16
307 2758.698 19
308 2761.831 1
309 2764.964 2
310 2768.097 3
3n 2771.230 4
312 2774.363 5
313 2777.496 6
314 2780.629 7
315 2783.762 8
316 2786.895 9
317 2790.028 10
318 2793.161 11
319 2796.294 12
320 2799.427 13
321 2802.560 14
322 2805.693 15
323 2808.826 16
324 2811.959 20
325 2815.092 1
326 2818.225 2
327 2821.358 3
328 2824.491 4
329 2827.624 5
330 2830.757 6
331 2833.890 7
332 2837.023 8
333 2840.156 9
34 2843.289 10
335 2846.422 11
336 2849.555 12
337 2852.688 13
338 2855.821 14
339 2858.954 15
340 2862.087 16
341 2865.220 21
342 2868.353 1
343 2871.486 2
344 2874.619 3
345 2877.752 4
346 2880.885 5

247




347 2884.018 6
348 2887.151 7
349 2890.284 8
350 2893417 9
351 2896.550 10
352 2899.683 11
353 2902.816 12
354 2905.949 13
355 2909.082 14
356 2912.215 15
357 2915.348 16
358 2918.481 22
359 2921.614 1
360 2924.747 2
361 2927.880 3
362 2931.013 4
363 2934.146 5
364 2937.279 6
365 2940412 7
366 2943.545 8
367 2946.678 9
368 2949.811 10
369 2952.944 11
370 2956.077 12
n 2959.210 13
372 2962.343 14
373 2965.476 15
374 2968.609 16
375 2971.742 23
376 2974.875 24
n 2978.008 1
378 2981.141 2
379 2984.274 3
380 2987.407 4
381 2990.540 5
382 2993.673 6
383 2996.806 7
384 2999.939 8
385 3003.072 9
386 3006.205 10
387 3009.338 11
388 3012.471 12
389 3015.604 13
390 3018.737 14
39 3021.870 15
N 3025.003 16
393 3028.136 25
394 3031.269 1
395 3034.402 2
396 3037.535 3
397 3040.668 4
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398 3043.801 5
399 3046.934 6
400 3050.067 7
401 3053.200 8
402 3056.333 9
403 3059.466 10
404 3062.599 11
405 3065.732 12
406 3068.865 13
407 3071.998 14
408 3075.131 15
409 3078.264 16
410 3081.397 26
411 3084.530 1
412 3087.663 2
413 3090.796 3
414 3093.929 4
415 3097.062 5
416 3100.195 6
417 3103.328 7
418 3106.461 8
419 3109.594 9
420 3112.727 10
421 3115.860 11
422 3118.993 12
423 3122.126 13
424 3125.259 14
425 3128.392 15
426 3131.525 16
427 3134.658 27
428 3137.791 1
429 3140.924 2
430 3144.057 3
431 3147.190 4
432 3150.323 5
433 3153.456 6
434 3156.589 7
435 3159.722 8
436 3162.855 9
437 3165.988 10
438 3169.121 11
439 3172.254 12
440 3175.387 13
441 3178.520 14
442 3181.653 15
443 3184.786 16
444 3187.919 28
45 3191.052 1
446 3194.185 2
447 3197.318 3
448 3200.451 4
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449 3203.584 5
450 3206.717 6
451 3209.850 7
452 3212983 8
453 3216.116 9
454 3219.249 10
455 3222.382 11
456 3225.515 12
457 3228.648 13
458 3231.781 14
459 3234.914 15
460 3238.047 16
461 3241.180 29
462 3244.313 1
463 3247.446 2
464 3250.579 3
465 3253.712 4
466 3256.845 5
467 3259.978 6
468 3263.111 7
469 3266.244 8
470 3269.377 9
471 3272.510 10
472 3275.643 11
473 3278.776 12
474 3281.909 13
475 3285.042 14
476 3288.175 15
477 3291.308 16
478 3294.441 30
479 3297.574 1
480 3300.707 2
481 3303.840 3
482 3306.973 4
483 3310.106 5
484 3313.239 6
485 3316.372 7
486 3319.505 8
487 3322.638 9
488 3325.771 10
489 3328.904 11
490 3332.037 12
491 3335.170 13
492 3338.303 14
493 3341.436 15
494 3344.569 16
495 3347.702 31
496 3350.835 1
497 3353.968 2
498 3357.101 3
499 3360.234 4
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500 3363.367 5
501 3366.500 6
502 3369.633 7
503 3372.766 8
504 3375.899 9
505 3379.032 10
506 3382.165 11
507 3385.298 12
508 3388.431 13
509 3391.564 14
510 3394.697 15
511 3397.830 16
512 3400.963 32
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APPENDIX M
[
ITT IMAGE INTENSIFIER TECHNICAL DATA
LECTRO -OPTICAL
PRODUCTS DIVISION -DATA SHEET 1-
2780 East l;ggtilc Street -PROXIMITY FOCUSED CHANNEL INTENSIFIER TUBE-
Fort W 3
on Wayne. Inciana 4801 TUBE S/N __ XXHO967
1.0 OUTLINE DRAWINGS TUBE Type __ F4145
i e CsTe/F.S5.; P20/F0Q
4 mm
DATE 06/91
25 mm b
useable
max
_mr f aperture 5.0 CATHODE SENSITIVITY
- ua/lumen
2.0 ELECTRICAL SCHEMATIC .
Photo-
cathode M _ Phosphar 6.0 RESOLUTION
- ip/mm
e - MCP volts -
out )& 7.0 LUMINOUS GAI
3.0 LEAD CONNECTIONS
LEAD COLOR ELEMENT 8.0 GAIN UNIFORMITY
I BTue Photocathode (neg.)
2 Red MCP Input (neg.) 13«
3 Orange  MCP Qutput (negq.) @ 50 K e gain
4 VYellow Phosphor (ground)
9.0 EQUIVALENT BACKGROUND INPUT
4.0 MAXIMUM OPERATING VOLTAGES * - Tumens /cm
) - gain
Cathode to MCP input 180 volts
MCP input to MCP output 1820 volts
MCP output to Phosphor 6000 volts 10.0 MCP VOLTAGE
* voltages for _ 50,000 e gain Set for 1820V at 10V Control
4.1 USE WITH POWER SUPPLY

Model # __ 200057  S/N __0105
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~UAIA JNLECI L=

<PROXIMITY FOCUSED CHANNEL INTENSIFIER TUBE-

Tube S/N  XXHO967 Tube Type F4145 Date
—_—e— — —0z/90
MCP Conductivity 1.1 x 10 ~ amps @ 1000 volts
Photocathode Sensitivity — ua/t. @ — Lumens
Photocathode Type/Window CsTe/F.S. Phosphor Type p20
Photocathode Voltage 180 Phosphor Voltage 6000

6 BGAIN CHARACTERISTICS @ uv Foot-Candles Input
5x10 '

6 - L LJ
Ix10Q ’ . ‘ 1 +
5:(105
GAIN
1x105 : ’

4 =
5x10

1x10

1400 1500 1600 1700 1800
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