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ABSTRACT

- Current measurements of ionospheric electron densities are
accurate but limited in scope. Present measurement techniques
are land-based and the resulting data is not global in nature.
Scientists at the Naval Postgraduate School (NPS) and the
Naval Research Laboratory (NRL) are working on a joint
research project to develop a technique to determine global
ionospheric electron densities from satellite platforms. NPS
developed a middle ultraviolet spectrograph with wavelength
coverage of 1800 to 3400 A. This thesis developed the
integration package that linked the spectrograph analog data
to the Aydin Vector MMP-600 PCM Encoder. The integration
package provided analog-to-digital conversion of the data,
data storage for the digital data, and synchronization of the
data collection and data transmission operations. Testing
equipment was also developed to support laboratory calibration
and in-place testing of the instrument. The test equipment
provides computer generated synchronization signals and

AN

digital data acquisition. [, . . /gt )
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I. INTRODUCTION [Ref. 1]

On March 21, 1986, the Joint Chiefs of Staff issued a
memorandum (MJCS 154-86) which listed the prioritization of
research requirements for defense environmental satellites.
Measurement of the electron density of the Earth's ionosphere
ranked fifth on this list of fifty requirements. Knowledge
of ionospheric electron density is essential for the
development of many high frequency (HF) military systems.
Ongoing research is presently being conducted in the following
areas:

HF radio communications

Over-The-Horizon (OTH) radar

Ballistic Missile Early Warning System (BMEWS)

Ground Wave Emergency Network (GWEN).

The above-mentioned systems all require an in-depth knowledge
of global electron densities, as these systems rely on the
ionosphere's ability to reflect and bend HF electromagnetic
waves. Current measurements of the ionospheric electron
densities are accurate but limited in scope. Measurements are
obtained from either ground-based radar stations or ionosonde
stations. Presently, twenty ionosonde stations 1located
primarily in North America provide limited electron density

data. Current data is not global in nature and to obtain




global data with current operational systems is economically
and politically unfeasible.

Satellites provide one method to measure global electron
densities. Satellite-~based ionosondes (topside sounders) are
impractical due to 1large size and power requirements.
Although active sensing is technically prohibitive, space-
based systems have successfully employed energy and weight
efficient passive techniques. Scientists at the Naval
Research Laboratory (NRL) are investigating a passive
technique for inferring electron densities in the F2 region
of the ionosphere by measuring the 0' emissions at a
wavelength 834 A (1 A = 10" meters). The measurement is
expected to provide accurate data above an altitude of 200 km.

Below the altitude of 200 km, O,' and NO' become the
dominant ions in the regions known as the D-, E-, and F1-
layers. The Naval Postgraduate School (NPS) is investigating
a method for inferring the electron densities at altitudes
below 200 km. The technique involves the measurement of the
neutral species N,, 0,, O, NO, and N. Photochemical models of
the ionosphere have shown that these neutral species are
chemically coupled with 0," and NO’. The E-region electron
density can be accurately inferred from a knowledge of the
neutral species density.

Dedicated research at both NRL and NPS has resulted in the
approval of a National Aeronautics and Space Administration

(NASA) rocket experiment (36.053E). The launch is scheduled




for February 1990 at White Sands Missile Range in New Mexico.
Using a two-stage Terrier-Black Brant launch vehicle, the
rocket is expected to reach a maximum altitude of 350 km. Two
instruments will be flown on the experiment. The NRL-
sponsored instrument, named HIRAAS, is a 0.5 m Rowland Circle
Spectrograph with wavelength coverage of 500 A to 1500 A. The
NPS-sponsored instrument, named MUSTANG, is a middle
ultraviolet spectrograph with wavelength coverage of 1800A to
3400 A. The spectrograph is a 1/8 m Ebert-Fastie with a
micro-channel plate (MCP) image intensifier and a 512 linear
array detector. The instruments will obtain data between the
altitude of 100 and 350 km. Data from the NPS MUSTANG
experiment will be telemetered to the ground station. The NRL
HIRAAS instrument will record its data on electrographic film
which will be recovered at completion of the flight.

The development and integration of MUSTANG required close
interfacing with NRL, NASA (Goddard Space Center), and
Research Support Instruments (RSI-instrument construction).
Figure 1.1 illustrates the integrated MUSTANG/HIRAAS
experiment positioned in the payload section of the launch
vehicle. The evolution of Mustang into an integrated flight
experiment is documented in Chapters II-V of this thesis.

Chapter II discusses the operational characteristics of
the NASA provided telemetry package and the RSI detector and

support components.
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Chapter III discusses the design interface required to
couple the detector to the telemetry package.

Chapter IV discusses bench check equipment (BCE)
interfacing and development.

Chapter V discusses interface board fabrication,
construction, integration and testing.

Chapter VI presents conclusions and recommendations for

future projects.




II. DESIGN C FACTURED
FLIGHT COMZPONENTS

MUSTANG development is based on modular construction
ensuring a cost-effective/flexible instrument that can be
operated in a variety of experimental environments.
Currently, the instrument is configured to operate within the
constraints of the sounding rocket experiment. With minor
modifications, the instrument could be fitted to a space
shuttle experiment or the instrument could be utilized in
support of a laboratory experiment. The MUSTANG electronics
can be divided into four subsystems: the detector, the
interface board, the power supplies, and the PCM encoder (see
Figure 2.1). All the subsystems, with the exception of the
interface board, will be described in this chapter. Chapter
ITI will consider the design requirements of the interface

board.

A. PCM ENCODER SUBSYSTEM [Ref. 3]
1. configquration

The PCM encoder has flown on more than 70 sounding
rockets without an in-flight anomaly. The encoder utilizes
the Aydin Vector MMP-600 Series micro-miniature PCM system.
Characteristics of the system include small size (light), low
power consumption, and programmable flexibility. Designed as
a modular system, the encoder allows for a variety of

configurations to meet the control and data dissemination
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Figure 2.1 Block Diagram of Mustang Subsystems

requirements of the experiment. Each encoder "stack" consists
of two groups of modules. A typical PCM stack is shown in
Figure 2.2. Group I modules are required for all
configurations. Group II modules are selected based on the

requirements of the experiment.

WALLOPS
0 !

Figure 2.2 Example of PCM Stack [Ref. 3:p. 2]
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a. Group I Modules

One each of the modules listed below are required
in every PCM systenmn.

(1) PX-628 Power Supply. The power supply module
requires a source voltage of 28+4 v and provides regulated
28 v to the remainder of the PCM encoder system. The system
oscillator 1is 1located inside the power supply module.
Selection of the oscillator frequency is accomplished by
manipulating a set of jumpers found on the external connector
of the module. For this experiment, the oscillator frequency
is set to 200 kbits/sec ensuring that the maximum clockrate
of the detector (250 kHz) is not exceeded. The bit clock is
a 0 to +5 v pulse train that is CMOS- and low power TTL-
compatible.

(2) PR-614 Programmer. The programmer module
houses the control circuit. The programmer executes the
software program that has been entered into the 256x8 erasable
programmable read-only memory (EPROM) and controls the timing
and operation of the entire system. MUSTANG utilizes the
timing control of the PCM encoder to synchronize its operation
(more thoroughly discussed in Chapter III).

(3) FM-618 Formatter. The formatter module,
controlled by the programmer, takes digitizad data and merges
it with frame synchronization words. The data undergoes
parallel to serial conversion to provide the proper data

format for the timer.




(4) TM=-615P Timer. The timer module accepts
serial data from the formatter and encodes this data into the
required PCM data format (Bi-0-L). The data format is
selected by setting jumpers located on the external input
connector. Word format is also selectable on the input
connector and is currently selected to 10 bits/word.
Interfacing the encoder timing signals to external circuits
is accomplished by utilizing an external output connector.
The following output signals may be accessed:

- NRZ~-L output

- Bi-0-L output

- NRZ-L primary output

- Major Frame synchronization

~ Bi-0-L primary output

- Premodulation filter output

- Inverted 2x bit clock(0-10v)

- 2x bit clock

- Bi-0/NRZ, mark/space coded output
- Inverted Bi~0/NRZ, mark/space coded output
- Inverted bit clock

- Minor frame synchronization

- Word clock

- Bit clock.

(S) EP-612 End Plate. The end plate terminates
the PCM stack on the end opposite the power supply. The EPROM

is housed inside the module and access is obtained through a




removable cover. The EPROM is socketted (contrary to the
standard practice of soldering) to allow for EPROM reuse.
b. Group II Modules

Group II modules are optional and are added to
support the unique data requirements of the experiment. The
modules listed below either support MUSTANG uniquely or
support MUSTANG and HIRAAS collectively.

(1) PD-629 Digital Parallel Multiplexer with Two
Enables. The PD-629 module has the capability of accepting
three independent channels of parallel words consisting of
10 bits/word. The multiplexer is controlled by the program
loaded into the EPROM. The experiment will fly two modules
allowing for the direct integration of six channels of digital
data. MUSTANG will exclusively utilize one channel for the
transmission of experimental data. The remainder of the
channels will be utilized for programmed events not associated
with MUSTANG. Each module is referenced with an unique
address that is recognized by the EPROM. The address is
programmed by setting jumpers located on the external input
connector of the module. Two of three input channels
(10 parallel bits/channel) on the module have an external
enable associated with them. The enable pulse may be used to
signal external circuits that parallel data on the respective
channel is being accessed. The importance of the enable

pulse, relative to MUSTANG, will be addressed in Chapter III.
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(2) MP-601L 32-Channel High-Level Analog
Multiplexer. The analog multiplexer accepts 32 channels of

analog data with inputs limited from 0 to +5.0 v. The
experiment will fly three modules to process the 96 channels
of required analog data every 51.2 msec. To satisfy the
Nyquist criteria each channel will be limited to a bandwidth
of 9.7 Hz. MUSTANG will utilize three channels of analog data
to provide monitoring of the 5 v, +15 v, and high volt busses.
The majority of the analog signals are used for monitoring
various rocket parameters and control signals. Control of the
multiplexer is determined by the EPROM program. Each module
is programmed with an unique address by setting jumpers found
on the external connector.

(3) AD-606-HS8 Analog-to-Digital Converter (ADC)
with Sample and Hold. The AD-606-HS module digitizes the
analog data requiring transmission. The signal input to the
module is the EPROM-controlled output of one of the three
'analog multiplexers mentioned above. Again, the input signal
is limited to a voltage range of 0 to +5.0 v. The analog-to-
digital converter digitizes each analog signal into a ten-bit
binary word utilizing the method of successive approximation.
At the completion of digitizing, the digital signal is sent
to the formatter for inclusion into the programmed PCM encoder
matrix.

(4) PFL-619A Quad Filter and Amplifier. The quad

filter module provides 1linear-phase lowpass premodulation
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filtering of the serial output from the timer module. Each
filter module contains four independent filters which share
a common lead with the input signal from the unfiltered output
of the timer module. Filter selection is achieved by choosing
the respective output of the desired filter. The -3dB upper
cutoff frequency for Bi-¢-L coding is determined by the

following formula:
1.4 x bitrate = upper cutoff frequency (1.1)
1.4 x 200 kbits/sec = 280 kHz. (1.2)

Based on the above calculation, the 280 kHz lowpass filter
was chosen for this experiment. A signal gain adjustment at
the filter output allows for the accurate intecration of the
PCM encoder with the rocket's transmitter (specifically the
modulator). Figure 2.3 illustrates the "stack" position of
each PCM encoder module as required by thé experiment.
2. Operation

Operation of the PCM encoder is implied from the
discussion of the system component parts. Figure 2.4 provides
a basic block diagram of the PCM encoder that will be utilized
for the experiment. Data for the experiment comes in two
forms, analog or digital. Analog data must be synchronized
and digitized prior to formatting. The analog data
synchronization is controlled by the processor (PR-614)

operating under a software program 1loaded into the system

12




PCM ENCUDER

EP-612
END PLATE (EPROM

PR-614
PROCESSOR

TM-615P
TIMER

PD-629
DIGITAL MUX

PD-629
DIGITAL MUX

MP-601L
ANALOG MUX

MP-601L
ANALOG MUX

MP-601L
ANALOG MUX

FL-619A
QUAD FILTER

FM-618
FORMATTER

AD-606
A/D CONVERTER

PX-628
POWER SUPPLY
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(After Ref. 3:p. 4]
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EPROM. Synchronization occurs at the analog multiplexers (MP-
601L) and the data is accessed at the output of the analog to
digital converter when the formatter (FM-618) is instructed
to access the data. Digital data is synchronized at the
digital multiplexers and is accessed by the formatter when
instructed to do so. Data entering the formatter is in a
parallel format. The formatter does a parallel-to-serial
conversion on all data and merges the synchronization words
into the PCM word format. The timer module (TM~-615P) accepts
the serial data, encodes the bitstream into Bi-0-L format, and
provides an unfiltered output to the quad filter (FL-619A).
The quad filter provides lowpass filtering and gain adjustment
prior to modulation in the transmitcer. The PCM-encoded
format, showing the word location of MUSTANG's experimental
data, is illustrated in Figure 2.5 [Ref. 4].

The telemetry system utilizes a 200 kbit/sec PCM/FM
RF link at a carrier frequency of 2269.5 MHz. The transmitter
is a 5 watt Vector T105. A bit error probability of 107 is
achieved given that the signal-to-noise ratio for the PCM/FM
system is 13 dB (value provided by Aydin Vector). Utilizing
the manufacturer's data and NASA's receiving station data, a
link margin of 13.7 dB was calculated. [Ref. 4)

3. 8ignals

Reference signals generated by the PCM encoder are

utilized by MUSTANG to ensure synchronized data collection,

processing, and dissemination. Figure 2.6 illustrates the

15
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reference signals utilized by MUSTANG and the relative timing
of each signal. Figure 2.4 illustrates the source of each
signal. The reference signals generated by the PCM encoder
combined with the reference signals generated by the detector
(discussed below in Section B) provide the design basis for
the interface board which will couple the detector to the PCM

encoder (topic of Chapter III).

B. DETECTOR [Ref. 5]
1. configuration
The MUSTANG instrument electronics consists of an
image intensifier, a detector, and a low-noise driver
amplifier circuit. The detector is a Plasma-Coupled Device
(PCD) linear image sensor. A detailed mechanical diagram of
MUSTANG is presented in Figure 2.7.
a. Hamamatsu PCD Linear Image Sensor (S-2300-512F)
The PCD linear image sensor is a monolithic
(single crystal) integrated circuit which makes use of the
coupling occurring in bulk silicon by virtue of the existence
or non-existence of the plasma state of holes and electrons.
The linear image sensor is composed of the photodiode,
switching (output), and digital shift register sections. The
PCD linear image sensor equivalent circuit is shown in Figure

2.8,
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Figure 2.8 PCD Linear Image Sensor Equivalent Circuit
(Ref. 5:p. 1]

(1) Photodiode 8ection. The 1light-sensitive
section consists of 512 p-n junction photodiodes which perform
both photoelectric conversion and charge storage. The
photodiodes are designed to have low dark current. This is
due to the buildup of charge when no photon source is present.
Figure 2.9 illustrates the photodiode construction.

The photoelectric conversion characteristic
of a light detector is determined by the ratio of incident
light intensity to output signal level. To improve the
performance of the detector in low light environments, it is
desirable to integrate the output over time rather than
observing the output directly. The PCD image sensors make
use of the integration process to improve 1low light

performance. Figure 2.10 illustrates the photoelectric
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Characteristics {Ref. 5:p. 8]

conversion characteristics of the PCD image sensor. The

incident exposure at the breakpoint of the linear portion of

the curve represents the saturation exposure. The output
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charge at saturation is dependent on the junction capacitance
of the photodiodes.

The spectral response of the PCD image sensor
is a measure of the output response with respect to input
wavelength. The use of p-well construction 1limits the
sensitivity in the long-wavelength regions and centers the
maximum-sensitivity wavelength at 6000 A. The reduction in
long-wavelength sensitivity reduces the crosstalk between
adjacent sensor elements. Figure 2.11 illustrates the
spectral response of the PCD image sensor. MUSTANG utilizes
a fiber optic window resulting in greater light rejection at
the sensor input when compared to the observed response when

the quartz window is used.
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Figure 2.11 Spectral Response of the Image Sensor
[Ref. 5:p. 8]
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Image sensor resolution pertains to the
ability of the sensor to reproduce the details of an
observation. Since the photodiodes are mutually separated,
sampling theory can be applied to the relationship between
incident illumination and diode spacirg. The 1light
illumination can be no more than half the spacing between
adjacent photodiodes. The resolution of the PCD image sensor
is also dependent upon the input 1light wavelength. As
wavelength increases, the photoelectric conversion takes place
deeper within the silicon substrate and as the carriers travel
toward the surface of the substrate, diffusion occurs which
allows for the leakage of photons into adjacent sensors (see
Figures 2.12 and 2.13).

A phenomenon, known as lag, occurs when the
output of the current scan is affected by residual charge from
a previous scan. Lag presents itself when rapidly-changing
incident light exceeds the sensor's capability to follow such
'changes. Under static light conditions and when such rapid
changes of intensity do not occur, negligible lag exists.

The presence of measurable image sensor
output with no illumination is referred to as dark output.
Dark output is always present and causes a reduction in the
signal-to-noise ratio of the image sensor. Two types of
phenomena generate dark output. In the photodiode region,
dark output is a function of photodiode leakage current and

integration (storage) time. The photodiode dark current is
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[Ref. 5:p. 7]
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very sensitive to temperature, doubling with each 7°C rise in
temperature (see Figure 2.14). Dark output is also a function
of PCD shift register leakage current and the signal readout
time for each element. For long storage periods, dark output
is dominated by photodiode leakage current. The greater the
integration period, the smaller the dynamic range of the image
sensor. As the storage time is reduced, leakage current from
the shift register becomes dominant. The linear region of
Figure 2.14 1illustrates the dominance of the photodiode
leakage current and the nonlinear region of the figure
illustrates the dominance of the shift register 1leakage

current.
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Figure 2.14 Dark Out Put Charge versus Storage Time
Temperature Dependency [Ref. 5:p. 8]
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(2) PCD 8hift Register Ssection. The PCD transfer

section 1is a digital shift register utilizing hooked
conductance transistors (HCDT's) which are sharp current-
controlled bistable switching elements with good on/off
isolation. These elements are aligned in a row along the
silicon substrate and they make use of the electrical coupling
within the semiconductor. Figure 2.15 1illustrates the
transfer section equivalent circuit. The PCD shift register
consists of a common anode and independent cathodes. If a
discharge between a given anode and cathode occurs, the plasma
existing between these twc electrodes will impact the area
around the adjacent cathode, reducing the discharge threshold
voltage. By externally controlling the cathode voltage using

a pulse input, it is possible to transfer a glow discharge

Vac 0— (BASE)

(EMITTER) Vs

Rec

)

ADDRESS SIGNAL
OUTPUT

(COLLECTOR)

Figure 2.15 PCD Shift Register Equivalent Circuit
[Ref. 5:p. 1]
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from one cathode area to the adjacent cathode. The
semiconductor implementation of this transfer method does not
require wiring and is the essential operating principal behind
the fast switching capability PCD shift register.

The HCDT's are separated from each other by
a maximum of one carrier diffusion 1length. The register
consists of an equivalent base, and independent emitters and
collectors. When Vi and V, is applied, the current that flows
between the emitters and the collectors exhibit current-
control negative resistance characteristics. (Figure 2.16
shows the equivalent circuit for a single HCDT.) The voltage
Vp, where the negative-resistance region begins, corresponds
to the HCDT on voltage. If the HCDT is on, the semiconductor
plasma occurring due to carrier accumulation will affect the

adjacent collector region, lowering the threshold of the on

COLLECTOR EMITTER BASE BASE

D EMITTER

>[5~

n-Sub. COLLECTOR

Figure 2.16 HCDT Equivalent Circuit [Ref. S:p. 1)
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voltage. By injecting a controlling current during this
period it is possible to transfer the on-state to the adjacent
HCDT. A three-phase clock will be the source of the
controlling current. Clock selection for detector operation
must be considered carefully. If the clock pulse amplitude
is too high, the PCD shift register will saturate, rendering
the output useless (i.e., all light collection circuits will
discharge simultaneously). Likewise, if the clock pulse
amplitudes are below the minimum threshold, the glow discharge
will not transfer to the adjacent cathode. The variation
betweeii the maximum and minimum pulse level is referred to as
the operating margin.

To ensure stable PCD shift register
operation, the driver circuit of Figure 2.17 is utilized. The
emitter resistance, R;=R;+R,, and the emitter capacitance, c,

impact the circuit operating characteristics by promoting

VCC
Vs T
i =
St START Vee
Vsh O— Ce EOS|—o EOS

R,
CLOCK |

CLOCK 2 o—> ¢2  VIDEO|—o VIDEO

CLOCK 3<>—>———+—&’-.W_-1— 3

R,

&

i

Figure 2.17 Clock Driver Circuit [Ref. S:p. 2]
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temperature stability and efficient power utilization. At
high frequencies (>250 kHz), the R,/C; pair is removed to allow
for stable clocking. In this case efficiency and stability

are sacrificed for speed.

(3) 8witching (output) 8S8ection. The output

section consists of a bank of lateral pnp switching
transistors (refer to Figures 2.8 and 2.18 for implementation
and equivalent circuit). The video signal (output) is
generated when the PCD shift register sequentially addresses
successive switching transistors allowing the photodiodes to
discharge through the transistor collector, effectively
transforming spatial data into a series of signals. The
collectors of all switching transistors are tied to a common
video 1line and the output data becomes available for

collection at this point.

Veo

S

—O VIDEQ SIGNAL

ADDRESS SIGNAL

Figure 2.18 Switch Section Equivalent Circuit [Ref. 5:p. 1]
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Two methods of data collection are possible.
The current-detection method of data collection uses a
resistive load tied to the video line. If the current-
detection method is used, the data will be represented by a
differentiated waveform. The output signal will be nonlinear
with respect to the input signal and signal processing must
be performed on the peak value of the wave form. The peak
value will have a time variation dependent on the output
level. If linear response or high accuracy at low output
levels is required, the current-integration method of
detection should be used. The integration method uses a
charge amplifier to integrate the total output signal
providing a rectangular wave shape which is easy to acquire
and analyze. The process of integration ensures linear
response by eliminating the time variation in the output
signal (i.e., the variation averages out).
b. Hamamatsu Low Noise Driver/Amplifier Circuit
Hamamatsu provides a driver/amplifier circuit with
a variety of useful control functions as illustrated in
Figure 2.19. The amplifier board provides the control signal
generation, the PCD clock driver required for stable
switching, and the charge amplifier required for signal
processing. The circuit is designed for interfacing with the
very sensitive image sensor and proper filtering of power
supplies results in low-noise operation (2700 electrons rms).

The driver/amplifier circuit requires only five inputs to
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Figure 2.19 Block Diagram of Flight Qualified
Driver Amplifier [Ref. S:p. 9]

control and operate the image sensor, thereby reducing the
complexity of user interface with the image sensor. The
required inputs will be more fully discussed in the section
on detector signals.

c. ITT Image Intensifier (F4145) [Ref. 7]

The image intensifier provides the mechanism for
coupling the low level ultraviolet radiation (1800-3400 A) to
the PCD image sensor. Initially, the image intensifier
accepts UV photons through a fiber optic window. Electrons

are produced when the photons enter the photocathode. The
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electrons pass through two microchannel plates in cascade
under the influence of high voltage resulting in highly
energetic electrons. The electrons are absorbed by a P-20
phosphor screen producing visible 1light over a visible
spectrum of 4750-6000 A. The high voltage can be controlled
through the use of a reference voltage which is variable on
the range 0-10 v. Adjusting the reference voltage to 10 v
will provide the maximum gain (4x10ﬂ
2. Detector Operation

Through the use of optics, the MUSTANG spectrograph
produces a spectrum over the desired wavelengths (1800-3400 A
at the instrument focal plane). These UV photons are
converted (image intensifier) into an electron stream,
accelerated, and reconverted into high energy photons at the
wavelengths (4750-6000 A) required for image sensor operation.
The process of photon capture will continuously illuminate the
PCD image sensor. The image sensor output is controlled
through the application of a system clock and a start clock.
The system clock provides the reference for the three-phase
cloék generated by the driver amplifier circuit. The start
clock provides the start reference for data output. The
frequency of the start clock will determine the integration
period; the greater the clock frequency, the shorter the

integration period.

32




3. Detector Signals

For synchronized operation, the detector requires two
input reference signals, the system clock and a reference
start clock. Two external reference signals are generated by
the detector to synchronize the two channels of available data
with the signal processing circuits. Figure 2.20 illustrates
the relative relationship of the control and serial analog
output signals. All signals are referenced to the system
clock. The system clock will operate at the same frequency

as the PCM encoder bit clock illustrated above in Figure 2.6.

C. POWER SUPPLIES

The rocket power system is composed of three independent
28 v unrequlated busses (28+4 v). The three power busses
consist of the instrumentaticr power system, the experiment
power system, and the door power system. MUSTANG utilizes
power from the experiment power system to provide analog and
digital power to the detector and the interface board. The
PCM encoder and Aydin Vector transmitter receive power from
the instrumentation power system. The door power system
provides the power to open the hermetically-sealed experiment
door after rocket motor separation and provides power to the
film advance motors utilized in the HIRAAS experiment. The
door power system is separated from the electronic busses to
ensure isolation of the motor-generated noise. A block
diagram of the power distribution is illustrated in Figure
2.21. Each component requiring power must provide individual
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power requlation if the unregulated bus specifications exceed
the limitations of the component. As mentioned previously,
the PCM encoder and the data transmitter will accept
unregulated 28 v dc power. The remainder of the MUSTANG power
requirements will be provided by a 5 v regulator (digital
power), a +15 v regulator (analog power), and a high voltage

regulator (image intensifier power).
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IIXI. INTERFACE DESIGN

In Chapter 1II, The subsystems that provide data
acquisition and control were presented. These subsystems have
demonstrated operational reliability. The focus of this
chapter is the design requirements of the interface circuit
that couples MUSTANG to the sounding rocket telemetry and

control subsystems.

A. CIRCUIT DESIGN REQUIREMENTS

The interface design requirement can be simply stated:
given the analog output of the image sensor, design a system
that will reformat and store the image sensor data until
requested by the PCM encoder for transmission.

1. 8ignal Processing

The interface board must sample the analog serial data

generated by the image sensor and format the data so that it
is compatible with the PCM encoder. Three interface
alternatives were considered, two of which were feasible. The
alternatives considered were:

- Direct analog-to-digital (AD) conversion of the analog
signal performed by the PCM encoder.

- Sample and hold the significant elements of the analog
signal followed by AD conversion of the sampled data.

- Direct AD conversion of the significant elements of the

analog signal by an independent analog-to-digital
converter (ADC).
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The physical positioning of the various rocket
components (see Figure 3.1) precluded coupling the MUSTANG
detector directly to the PCM encoder with the analog signal
lead for three reasons:

~ There is significant signal attenuation since the signal
path is approximately five feet long.

~ The signal lead would be forced to travel adjacent to
inherently noisy systems such as the film-advance motor
(used in HIRAAS), various power supplies, and the attitude
control system,

~ Given the data acquisition rate (Figure 2.20) and the
telemetry requirements (Figure 2.5), it is operationally
impossible to synchronize the generated analog signals to

the operational requirements of the PCM ADC.
The second alternative, sampling the analog signal at
the appropriate time and performing the subsequent AD

conversion on the sampled signal, looked promising. The

l‘: a25° alt-— xa.o'—)|

HIRAAS/MUSTANG INSTRUMENT INSTRUMENT TELEMETRY
HOUSING ELECTRONICS AND
CONTROL

Figure 3.1 Sounding Rocket Configuration Block Diagram
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leading edge of the TRIGGER pulse, generated by PCD image
sensor, provided an excellent reference signal for the sample
and hold device. The generated TRIGGER pulse coincides with
the most stable portion of the image sensor analog signal (see
Figure 2.20). Once sampled, an ADC digitizes the stored
analog signal. Based on the system clock frequency of
200 kHz, the analog signal would require sampling every
20 psec. The sample-and-hold device would be required to
sample and save the signal in the 5 usec corresponding to the
time that the TRIGGER is pulsed on. An independent AD
converter would be allocated 15 usec to complete the
acquisition process and perform the digital quantization of
the analog data. The quantization accuracy of AD converter
is constrained by the PCM encoder which processes a maximum
of 10~-bits/word.

The third alternative called for the direct AD
conversion of the analog signal. The analog signal must still
be sampled every 20 usec; however, the sample-and-hold device
would not be used in this implementation. The ADC would be
required to digitize the analog signal during the 5 usec
period that the TRIGGER is pulsed on. This implementation
demonstrates the tradeoff between utilizing a simple circuit
(sample and hold device removed) and a more costly circuit

(faster AD converter).




2. Data storage

The PCM encoder data transmission requirements (Figure
2.5) mandate that the 512 pixels of analog data generated by
the PCD image sensor in one integration period be processed
and transmitted every 51.2 msec. Furthermore, the PCD image
sensor operational requirements (Figure 2.20) demonstrate that
only 10.24 msec is required to process the 512 pixels of
acquired data generated each integration period. The storage
device must be capable of storing the generated data
independent of the PCM encoder data access requirements due
to the asynchronous nature of the acquisition and transmission
operations.

Two methods of data storage were considered. Random
access memory (RAM) was considered as a space-efficient
alternative allowing for easy access to a large quantities of
data. Secondly, a first-in/first-out (FIFO) memory device was
considered as an operationally efficient alternative allowing
for simple clock control of the read and write cycles. Each
device can be configured to perform the same asynchronous read
and write functions. The use of RAM requires the
implementation of an input and an output counter to indicate
the current write and read memory locations. Clocks may be
used to advance the memory counters as required. The FIFO can
utilize clocked inputs directly to asynchronously read and
write the data. One concern with utilizing FIFOs is that, as

a general rule, they do not have the data storage capacity
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found in RAM. The storage device must have the capacity to
assimilate the data accumulation as it occurs during the first
10.24 msec of each communication frame (see Figure 2.5). The
data accumulation occurs as a result of the differing read and
write data rates. The maximum required data storage is 384
words (10-bits/word).
3. Data Access by PCM Encoder

The PCM encoder will access the data as outlined in
Figure 2.5. To access all of the data acquired and stored in
one integration period requires 51.2 msec. The interface
electronics must "setup" the stored data ensuring the data is
available when the PCM encoder accesses the respective digital
data line. (Figure 3.2 illustrates the "READ" reference
signals provided by the PCM encoder.) The PCM encoder
requires a signal level of 3.0 v or greater (maximum 35 v) to
guarantee a logic "1" and a signal level of 2.0 v or less
'(minimum -35 v) to guarantee a logic "0". An open circuit
input will be recognized as a logic zero. Once the data is
made available, it must remain stable for the one half word
period prior to the next word pulse (25 usec). The
requirement for stable data suggests that a digital latch
would provide an appropriate interface between the memory
device and the PCM encoder.

4. ower Source
To complement the modular design concept, all of the

power required to support MUSTANG operation should be provided

41




13V1S

sTeubrs TOI3UOD waisAs paatnbay

13S3y 0414

30710 3Wvad

HI1Vv7

Z2°c 2anbTa

Y3

3gYN3

AJ07D qAOA

IR PV

e Lyel Il

m:QN%JII

L LG

AQY3Y viva

3T0ON3

— Sup9

1

A3900IA1L

-

-

[

SNG 2~

.

=

:

c

L

sng __ |

SN iaisigigigigigigigipipipipSpinipinipugll

42




via the interface circuitry. MUSTANG requires + 15 v to
support analog circuit operation, a 0-10 v reference signal
for the HV power supply, and 5 v to support digital circuit
operation and the HV power supply (Figure 2.21). The 5 and
dual 15 v power supplies are modular components installed in
the electronics section of the rocket.

Recent rocket experiments have verified that arcing
occurs when HV power supplies are operated in a partial
vacuum. The phenomenon of arcing is most probable as the
rocket transitions from the earth's environment into the
experimental environment (altitude of about 100 km). Gasses
in the vicinity of the arc tend to ionize establishing
inconsistencies in the gasses and their constituents. These
inconsistencies will adversely impact the accuracy of the data
collected during the experiment. To reduce the risk of arcing
and subsequent experimental data degradation, NASA has
provided a redundant multi-function timer (WFF 30 Channel
Multi-function Timer) to control in-flight events. The

sequence of events is as follows:

- Program ON 1.0 sec

- Relay Reset ON 10.0 sec

- Relay Reset OFF 50.0 sec

- HIRAAS Experiment ON 60.0 sec
MUSTANG Experiment ON

- Door Open ON 66.0 sec

- Door Open OFF 90.0 sec

43




- HIRAAS HV ON 110.0 sec
MUSTANG HV ON

- HIRAAS HV OFF 513.0 sec

- Door Close ON 517.0 sec

- HIRAAS Experiment OFF 523.0 sec

MUSTANG HV and Experiment OFF
- Program OFF 555.0 sec.
The event sequence timers provide control signals to relays
(Deutsch, see Appendix F for details) which, in turn, control
the power distribution. Chapter IV will discuss the operation
of the relay box in detail. [Ref. 8]

The 0-10 v reference voltage must be generated by the
interface board as no other source of variable voltage exists.
The reference voltage controls the Microchannel Plate input
voltage and ultimately the amplification characteristics of
the image intensifier [Ref. 7]. Calculations by the NPS
Physics department have concluded that the reference voltage

should be adjusted to 10 v [Ref. 9].

B. FINALIZED CIRCUIT DESIGN

‘Figure 3.3 presents the design that functionally
interfaces the MUSTANG detector with the system telemetry.
The design can be segregated into four distinct functional
structures: data acquisition, data storage, data trans-
mission, and reference signal generation. Figures 2.6 and
2.20 illustrate the reference signals generated by the PCM

encoder and the MUSTANG detector respectively. Utilizing
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selected reference signals (Figure 3.2) with the interface
design provides an operationally complete instrument.
1. Data Acquisition

Data acquisition is initiated by the FRAME clock
(Figure 3.2). The FRAME clock pulse length is one word period
in duration (50 usec). The 54LS122 monostable triggers on the
rising edge of the FRAME clock and generates a 10 usec START
pulse. To insure initialization of the PCD image sensor, the
START pulse must be at least 500 nsec in duration. A 10 usec
START pulse is required to meet the reset limitations imposed
by the memory device (explained in the next section). The PCD
image sensor generates a TRIGGER signal which is synchronized
by the leading edge of the START pulse. The TRIGGER signal
is on for one BIT period (5 usec) and off for three BIT
periods. The TRIGGER signal is synchronized to correspond
with the most stable region of the analog signal.

The leading edge of the TRIGGER signal triggers the
first monostable on the 54LS221. The monostable generates a
550 nsec ENCODE pulse (a minimum of 150 nsec is required)
which is used to initialize and trigger the HAS1202 ADC. The
HAS1202 will perform a 12-bit conversion in a maximum of
2.8 usec. Although the ADC has a resolution of 12 bits, the
PCM encoder will process only 10 bits of data per word. The
nine most significant bits generated by the ADC will be stored

in memory (the memory can store only 9 bits), the three
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remaining least significant bits will be ignored. The 12-bit
AD converter was selected based on cost and availability of
the component.

2. Data Storage

The leading edge of the ENCODE pulse triggers the DATA
READY signal. The DATA READY signal will go high 60 nsec
after the ENCODE pulse leading edge. The DATA READY signal
will remain high until the AD conversion is complete (a
maximum of 2.8 usec). The falling edge of the DATA READY
signal will trigger the second monostable on the 54LS221 to
generate a 2 usec WRITE signal. The CMOS 512 by 9 bit FIFO
(IDT7201SA) was selected for the project. Selection, once
again, was based on availability and cost of the device. The
WRITE signal triggers the FIFO which, in turn, reads the nine
most significant bits of data from AD converter. The data
will "fall through" the FIFO and will be stored in the
subsequent unfilled memory location. The WRITE function is
'independent of any ongoing READ functions.

As mentioned above, the required waveshape of the
start pulse is dictated by the reset requirements of the FIFO
(see Appendix I for details). Figure 3.2 illustrates that the
RESET signal is the inverse of the START signal. Prior to the
RESET signal going high, the FIFO requires the WRITE and READ
signals to be high for 120 nsec. The RESET signal must go low
for a minimum of 120 nsec to guarantee proper reinitial-

ization. Once the RESET returns high, the READ and WRITE
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signals must remain high for a minimum 20 nsec. To ensure all
the timing requirements associated with the resetting of the
FIFO are met, the RESET signal will remain low for 10 usec.
3. Data Transmission

Data is read from memory as requested by the PCM
encoder. The READ signal is generated when the WORD clock and
the ENABLE pulse are "nanded" together. The inverse of the
READ signal is the LATCH signal which allows 9 bits of digital
data to be loaded into the output latch (2-SNJ54HC373). The
PCM encoder allows a data setup time of 25 usec referenced to
the leading edge of the current WORD period. While the data
is being read, it must remain stable for the remaining 25 usec
of the current WORD period. The current circuit confiquration
will transfer data to the output latch in 5 usec and allow the
data to remain latched and stable for 45 usec. CMOS latches
are used to ensure that the "logic 1" was 3 v or greater as
required by the PCM encoder.

4. Reference Signal Generation

A 10.0 v reference signal used to support the HV power
supply operation was generated utilizing a three-terminal
adjustable regulator (LM317LZ). The regulator input is 15 vdc
and the input signal is provided via the HV control relay.
During the experiment, both the 5 v supply power and the
10.0 v reference signal will be applied simultaneously to the
HV power supply as described in the mission sequence of events

described above.
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C. POWER 8SUPPLY CALCULATIONS

Prior to flight, the power consumption must be determined
to ensure proper selection of flight batteries. During the
design phase, power consumption was based on the worst-case
(highest power consumption) values provided by the respective
component databooks. This estimation was refined and verified
by measurement once the flight instrument became operational.
Direct measurements by a voltmeter across the power supply
output and an in-line ammeter established that 410 ma at 5 v
and 130 ma at 15 v will be required to support instrument
operation. Battery consumption was calculated as follows:

Battery Consumption = 5 v Supply Power +
15 v Supply Power (3.1)

5.32 watts + 6.44 watts (3.2)
= 11.76 watts (3.3)
The power required to support the 5 v Supply is calculated
from Figure 3.4 and the power required to support the 15 v
Supply is calculated from Figure 3.5.
Figure 2.21 illustrated the rocket power distribution.
The sequence of events established the need for 460 seconds
(approximately eight minutes) of instrumentation power. The
anticipated total power requirement (HIRAAS and Mustang) is
1200 ma at 28 v for a period of 460 secs. The combined
experiments will utilize 0.16 AH of the available 0.62 AH of

battery power.
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Once the interface board became operational, the detector
and the interface board were ready for laboratory testing.
Further circuit development was required to couple the
detector and MUSTANG interface board to a system that
simulated the rocket PCM encoder. The simulated encoder and
the interface test equipment is referred to as the Ground

Support Equipment (GSE).
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IV. DESIGN GRO SUPPORT EQUIPMENT

To support the testing and the alignment of the MUSTANG
instrument, Ground Support Equipment (GSE) was designed and
implemented. The GSE provides instrument support in two
operating environments. With GSE support, MUSTANG can be
operated in the laboratory where the instrument is tested and
aligned. The GSE can also be utilized for in-place preflight
testing to ensure the proper operation of both the instrument
and the sounding rocket telemetry and control system. The
block diagram provided in Figure 4.1 illustrates the possible
GSE options. To fully appreciate MUSTANG and the GSE
interface, knowledge of the sounding rocket electrical wiring

configuration is required.

A. MUSTANG WIRING DESCRIPTION

MUSTANG and HIRAAS are independently operated instruments.
The actual interfacing of the two experiments is carried out
in the electronics section of the sounding rocket (see Figure
3.1). Common wiring is provided by NASA from the telemetry
and control section to the electronics section of the rocket.
In the electronics section, the experiments are separated
ensuring experimental independence. Experimental independence

ensures that a failure of one experiment will not adversely
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impact the operation of the remaining experiment. Figure 4.2a
illustrates the electrical wiring configuration required to
support the in-flight experiment [Ref. 10]. Operation of
MUSTANG in a testing configuration will be discussed in the
next section.

Five subsystems are mounted in the electronics section to
support MUSTANG. These subsystems are illustrated in Figure
4.2b and include:

- Power Supplies (designed by RSI)

Relay Box [Ref. 11}

HV Safety Jumpers

28 v Distribution Box

GSE Interface Connectors.
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Experimental power is provided by the sounding rocket 28 v
unregulated bus. The unregulated power is distributed to both
MUSTANG and HIRAAS through the 28 v distribution box. The
distribution box is the subsystem where the two experiments
are separated. The power supplies (+ 15 v and 5 v) convert
the unregulated power into the appropriate regulated power to
support MUSTANG's analog and digital loads. The power is
routed via the relay box to the instrumentation (for details
see Figure 4.2c).

The relay box is controlled by the flight sequence timers
ensuring strict control of the instrument operation. The
relay box also splits the regulated power to achieve:

- 5 v instrumentation power

5 v support of the HV power supply

+15 v instrumentation power

15 v support of the HV power supply.

The HV power supply must be carefully controlled to prevent
inadvertent energization while testing is in progress.
Previous experience by NRL researchers has verified that the
HV power supplies operate properly under total vacuum and at
Standard Atmospheric Pressure (STP). If the power supplies
are operated under a partial vacuum, arcing is probable,
resulting in damage to the power supply and surrounding
electronics. Personal safety is also a concern when
considering the operation of HV power supplies. The

subsystems inside the rocket are closely situated and extreme
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care must be exercised to ensure that personnel do not come
in contact with energized components powered by a HV power
supply. To aid in the control of the HV power supply, jumpers
(connector 25) have been installed to interrupt the HV power
supply energy source. Finally, the relay box generates
monitoring signals which are transferred to the PCM encoder
(Chapter II). These monitoring signals are incorporated into
the transmitted data stream and provide information on the
operational status of the various MUSTANG power supplies.
The GSE connector (connector 26) provides the required
interface to externally monitor data when MUSTANG is mounted
in the flight configuration. The connector also provides the
option of externally controlling MUSTANG when the PCM encoder

is unavailable to support flight configuration testing.

B. GSE GENERAL REQUIREMENTS

The GSE is required to support MUSTANG in a variety of
“operational configurations. In the 1laboratory, the PCM
encoder control signals (see Figure 3.2) are simulated.
Laboratory testing is required for MUSTANG initial operational
testing and alignment. During rocket integration, operational
testing is required to analyze the performance of MUSTANG in
the flight configuration. The GSE allows for data
accumulation and evaluation in either configuration. The GSE

schematic is illustrated in Figure 4.3.
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1. GSBE Functions

The GSE schematic illustrates eight basic functions
that the system can perform. These eight functions are listed
below:

- 28 v power supply to support operation of the 5 v and
+15 v power supplies

- 5 v internal PS to support GSE logic circuits
- Macintosh II computer interface

- ON/OFF control of the 5 v and +15 v power supplies in both
the laboratory and flight configurations

- Clock select circuitry

- Flight configuration test interface

- Laboratory configuration test interface

- Visual data display.
The functions listed above will be described in detail in the
following two sections. These functions will be described in
terms of their functionality with respect to the appropriate

testing configuration.

2. GSE confiquration To Support Laboratory Testing (refer
to Fiqure 4.4)

The Laboratory test configuration is required to
support interface circuit testing, MUSTANG alignment, and
power supply testing. The PCM encoder is not available in the
laboratory environment; therefore all laboratory testing
requires the GSE to simulate the PCM encoder. The PCM encoder

control signals are generated by the Macintosh II computer

61




P24

P24’ r’/{ Sv

I
- N
T
LAB 2
,z{ +15 V| R P32
-~ P23 A
pag paot| £ |P3nPe%®
BEE:
0 e
Sv and +iSv a T
4 5 kL £
paor| €
‘ ™Y P40l B
G ] R
R
o
€— 28 +4 voLT A8 U N
N T
WA A b F ROCKET £
- S S
U g [
!
MIDB B £ | F
— D £
L_‘ R
- DIg D ; PaG3
MACINTOSH l |>—-—{ g
LAB 3! I | | Hv
ROCKET] H . POWER
120 VAL &0 K - SUPPLY

Figure 4.4 Block Diagram Showing GSE in Laboratory
Test Configuration

running Labview software (purchased from National
Instruments). Three interface boards, designed in two
configurations, are installed in the computer. The installed
configurations consist of:
- two Multi-function Input/Output (MIO) boards (NB-MIO-16)
- one Digital Input/Output (DIO) board (NB-DIO-32F).
The computer not only generates control signals, but digital
data acquisition is also possible with the bit clock running

at a frequency of 100 kHz or less. The MIO boards generate
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the simulated PCM encoder control signals and the data request
signals required by the DIO board. The DIO board is
programmed to acquire and plot 512 frames of 10-bit digital
data. Each frame of digital data corresponds to one element
of the 6512-element PCD image sensor. For 1laboratory
operation, the clock select switch should be selected to the
computer position.

The GSE generates 28 vde power at 1.5 A to support
testing of the mission power supplies. In the laboratory test
configuration, the power supplies are removed from the rocket
and are attached to the GSE via the 23' and 24' connectors.
In this configuration the relay box is not available to
control the sequencing of the power. Two switches (Laboratory
Power Sequencing) control both the HV power distribution and
the instrumentation power distribution. In the event the
flight-configured power supplies are not available, any power
supply capable of delivering the rated power may be interfaced
using the appropriate connectors at positions P23' and P24°'.
The 28 v power supply also provides power to a 5 v GSE
internal power supply. The internal power supply provides
power for the GSE logic circuits and visual data display (10
Light Emitting Diodes-LEDs).

In the laboratory configuration, the GSE is interfaced
to MUSTANG utilizing the PG3-P401' jumper. In this test

configuration, the PCM encoder and the relay box have been
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excluded. The computer will provide the control signals and
capture the digital data.
3. GBE To Support Pre- t Testin ee Fiqure 4.5

Once MUSTANG has been integrated to the sounding
rocket, testing is performed to ensure proper operation of the
complete flight package. In this configuration the flight-
qualified power supplies are installed in the electronics
section as illustrated in Figure 4.2b. The HV power supply
jumpers (connector 25) may or may not be installed based on

the current status of installation and testing. Power
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sequencing of the system will be controlled by the system
timing relays. The PG3-P401' connector is not used and the
GSE is interfaced to the sounding rocket via the GSE Interface
Connector (connector 26). The computer will not generate
control signals in this configuration, but the computer will
be available to collect data. The PCM encoder is required to
operate as it would in flight. Data transmitted by the rocket
may be compared to data accumulated by the computer and system
operation can be verified.

An alternate configuration is ©possible if the
telemetry and control electronics are not available for
testing. NRL has developed a 28 v power supply that can be
externally jumpered to the 28 v Monitor Board (see Figure
4.2b). The jumper at PGl is disconnected isolating the PCM
encoder. The GSE generates a 28 Vv signal which can be
externally applied (see Figure 4.2c) to the relay box. 1In
this configuration, the system control signals will be
generated by the computer. Subsequent data collection will

also be performed by the computer.

C. GENERAL TESTING

Three basic test configurations have been presented.
Detailed analysis of Figure 4.1 suggests that a wide variety
of testing configurations are possible. The instrument can
be configured to support most any test configuration that the
current situation dictates; however, care must be taken to
understand the implications of an alternate test setup.
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V. CIRCUIT DEVELOPMENT AND TESTING

A. PROTOTYPE DEVELOPMENT AND TESTING

Prototype development was initiated by determining the
operating characteristics of the PCM encoder and the PCD image
sensor. Discussions with NRL, RSI, and NASA further defined
the operating requirements of the MUSTANG interface circuit
as discussed in Chapter III. Once the initial background was
completed and the desired operating characteristics were
defined, the original schematic for the system was designed.

The original system schematic was analytically tested to
verify the proper interfacing of MUSTANG and the PCM encoder.
The availability of electrical components, specifically the
ADC and the FIFO, required changes to be made to the original
schematic. Once the changes were implemented, circuit
operation was re-verified analytically. Successful completion
of analytical circuit verification led to the purchase of the
required electrical components (illustrated in Figure 3.3).

The initial operational circuit was layed out on a bread-
board and tested for proper operation. At this point in
development, the GSE was not available and initial testing was
performed using the test circuit illustrated in Figure 5.1.
A spare PCD image sensor was purchased and was mounted in a

monochromator to support circuit testing. The PCD image
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sensor, utilized independently of the image intensifier, is
a visible light detector. The BIT clock was generated with
a Wavetek 11 MHz stabilized sweep generator operating at 200
kHz. The FRAME clock was generated with a Wavetek model 130
function generator operating at 18.5 Hz. The WORD clock was
simulated by tieing the TRIGGER pulse to the WORD clock input.
The ENABLE pulse was disregarded and the WORD clock was also
tied to this input.

Initial testing was performed to determine the linear
response of the AD conversion process and to assure proper
FIFO operation. Light Emitting Diodes (LEDs) were used to
determine digital data output. The detector output was
disconnected from the ADC input and a known dc input was
applied to the ADC input. The results of the test are
illustrated in Figure 5.2a. The response of the ADC was
linear but additive noise adversely impacted the AD conversion
of analog data (see Figure 5.2b). The observed noise
coincided with the edges of the BIT clock and it was apparent
that the BIT clock was radiating into adjacent circuit
components. The noise component, superimposed on the signal,
was a damped sinusoid (ringing) with a frequency of 10 MHz and
a maximum zZero to peak level of 100 mv. The noise would damp
to zero in approximately 0.5 usec. The initial circuit design
did not provide noise reduction capacitors between the power
and ground leads of each circuit component as suggested by

reputable authors [Ref. 11].
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The testing of the bread board circuit validated the
MUSTANG interface design. Improved noise reduction was
anticipated by implementing a circuit board design and

utilizing noise reduction techniques.

B. INITIAL CIRCUIT BOARD DEVELOPMENT AND TESTING

The initial circuit board was designed with noise
reduction in mind. The following noise reduction techniques
were used:

~ The high frequency noise, superimposed on the power leads,
was suppressed by establishing a high frequency ground
path using a parallel combination of 0.01 uF and 10.0 uF
capacitors.

- Analog ground leads were separated from digital ground
leads and the ground leads were tied together as far as
possible from the interface circuitry.

- Each circuit component power lead was filtered by placing
a 0.01 uF capacitor betw:2en the power and ground pins.
This capacitor was placed as close as possible to the
component to minimize 1lead 1length and subsequent
interference from adjacent leads.

The bnard was fabricated utilizing a milling machine designed
for cutting circuit boards. The testing configuration of
Figure 5.1 was utilized to validate the circuit design. The
testing results are documented in Figure 5.3. Comparison of
Figures 5.2 and 5.3 confirm the improved ncise performance of
the initial circuit board over the prototype circuit
(discussed above in part A). The influence of noise, on the
prototype circuit, resulted in nonlinear performance of the

three least significant bits (80 mv, 40 mv, 20 mv bits). When

the initial circuit board was tested, only the least
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Figure 5.3a Linearity Test for Milled Interface Circuit
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Figure 5.3b Expanded View of Linearity Test for Milled
Interface Circuit

73




significant bit (20 mv bit) had a nonlinear response.
Oscilloscope measurements of the analog data signal revealed
that the peak to peak amplitude of the superimposed noise had
been reduced from 100 mv to 12 mv, The initial circuit board
reduced the noise by a factor of eight while maintaining a
linear AD conversion characteristic. [Ref. 11)

Close examination of the AD conversion timing sequence
verified that the conversion of the two least significant bits
was occurring 2.5 usec after the leading edge of TRIGGER
pulse. The 2.5 usec delay corresponded to both the falling
edge of the BIT clock and the maximum observed noise (see
Figure 5.4). Readjustment of the ENCODE pulse width (see
Figure 3.3) resulted in the AD conversion being completed
prior to the falling edge of the BIT clock. By advancing the
AD conversion, the adverse impact of noise on the digitizing
process was eliminated (see Fiqure 5.5). Validation of the
interface circuitry was now complete.

Upon completion of circuit validation, development of a
formal test circuit was initiated. The test circuit, known
as the GSE (see Chapter 1IV), was developed to support a
variety of testing requirements. The GSE design was validated
by operationally testing a prototype constructed on a bread-
board. During this test, the Macintosh computer generated
all of the system clocks and collected the digitized video

data. The development of the GSE resulted in the ability to
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Figure 5.4 Illustration of the Impact of the ENCODE Pulse
Width on Digital Data Errors
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Figure 5.5a Linearity Test for Milled Interface Circuit
after ENCODE Pulse Width Adjustment
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Figure 5.5b Expanded View of Linearity Test for Milled
Interface Circuit after ENCODE Pulse Width Adjustment
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acquire an accurate visible mercury spectrum. Figure 5.6
illustrates three spectrums which were obtained using a
mercury light source and the monochromator. The observed
mercury spectrum consisted of one green line at 5461 A and two
yellow lines at 5770 A and 5791 A. With the light slit
completely closed on the monochromator, the dark response of
Figure 5.6a was obtained. From Figure 2.14, the expected dark
response at 25° C is 90 mv. The theoretical response of 90 mv
validated the observed response of 80 mv to 100 mv. In
Figures 5.6b and 5.6c, the light slit opening was varied to
confirm proper operation of the interface circuit and GSE over
the full range of light intensity.

During this stage of testing, it was determined that the
Macintosh computer, running in the Labview environment, was
incapable of accurately acquiring data when the BIT clock was
operated at a frequency greater than 120 kHz. By observing
the digitizing process with the oscilloscope, proper operation
of the interface circuit and GSE was confirmed with the BIT
clock operating at 200 kHz. Follow-on trouble shooting
verified that when the BIT clock was operated at a frequency
greater than 120 kHz, the computer could not retrieve all the
data sent to the interface circuit output buffer. At a BIT
clock frequency of 200 kHz, the computer would miss one third
of the data. The remainder of the testing was performed at
100 kHz, noting that the observed spectrum amplitudes would

be two times greater than the spectrum amplitudes observed at
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Figure 5.6a Dector Response with no Light Present
{Dark Counts)
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Figure 5.6b Visible Mercury Spectrum with Monochromator
Slit Partially Open
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Figure 5.6c Visible Mercury Spectrum with Monochromator
Slit Open to the Point of PCD Image Sensor Saturation
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200 KkHz. The two-fold increase in spectrum amplitude is
directly proportional to the increased integration time. Once
the GSE testing was completed satisfactorily, the permanent

test equipment was fabricated as described in Figure 4.3.

C. FINAL CIRCUIT BOARD FABRICATION, INTEGRATION, AND TESTING
From the schematic used to generate the initial milled
interface circuit board, artwork for an etched circuit board
was fabricated. Two etched interface circuit boards were
purchased and populated (one board served as a backup). A
flight chassis was milled from aluminum, and the interface
circuit board was installed in the chassis. NRL provided an
instrument mounting bracket that was a replica of the flight
mounting bracket. Research Support Instruments (RSI) mounted
the flight detector onto the replicated mounting bracket and
sent the assembled system to NPS. At NPS, the flight chassis
was secured to the mounting bracket. The final cable runs
were fabricated and installed. MUSTANG was now completely
assembled and ready to undergo the final phase of testing.
The final phase of testing was performed by operating
MUSTANG in a known ultraviolet (UV) environment. Testing was
performed utilizing the 1laboratory test configuration
described in Chapter IV (see Figure 4.4). A mercury light
source was used to illuminate the instrument resulting in the
spectrum recorded in Figure 5.7 (single spectral line occurs

at a wavelength of 2537 A). The observed spectrum matched the
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Figure 5.7 Mercury Ultraviolet Spectrum




predicted wavelength response of a mercury spectrum thereby

validating the operation of MUSTANG.

D. SYSTEM INTEGRATION AND ILLUSTRATIVE PHOTOGRAPHS

Photographs of the integrated flight instrument system
have been provided in Figures 5.8-5.14. Additionally, sample
waveforms have been included for general interest. All
clocked waveforms were generated by the Macintosh computer
operating in the Labview environment. The following is a
brief synopsis of each photograph:

- Figure 5.8 illustrates MUSTANG configured in a laboratory
test environment. Pictured equipment includes the
Macintosh computer, GSE, 5 and +15 v power supplies, and
the detector

- Figure 5.9 illustrates the flight inter ice circuit
(fabricated and assembled at NPS)

- Figure 5.10 illustrates the 10 kHz WORD clock (bottom)
referenced to the 100 kHz BIT clock (top)

- Figure 5.11 illustrates the TRIGGER signal (bottom)
referenced to the 100 kHz BIT clock (top). There are four
BIT clock cycles to each TRIGGER period

- Figure 5.12 illustrates the ENABLE pulse (bottom)
referenced to the to the 10 kHz WORD Clock (top). There
are 16 WORD pulses for each ENABLE pulse representing the
16 WRITE commands required for each row of the
communication frame

- Figure 5.13 illustrates the AD conversion of the least
significant bit (bottom) referenced to the TRIGGER signal

(top)
- Figure 5.14 illustrates the FRAME period of 102.4 msec.

The pulse width is small (600 nsec) in relation to the
periodicity of the signal.
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Figure 5.8 Detector and Test Equipment in Laboratory
Test Configuration

Figure 5.9 Flight Qualified Interface Circuit
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Figure 5.10 Computer-Generated BIT Clock (Top) and
WORD Clock (Bottom)
(Vertical Scale: 5 v/div, Horizontal Scale: 20 usec/div)

Figure 5.11 Computer-Generated BIT Clock (Top) and
TRIGGER (Bottom)
(Vertical Scale: 5 v/div, Horizontal Scale: 10 usec/div)
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Figure 5.12 Computer-Generated WORD Clock (Top) and
ENABLE (Bottom)
(Vertical Scale: 2 v/div, Horizontal Scale: .5 msec/div)

Figure 5.13 TRIGGER Signal (Top) and the
Digitizing of the Least Significant Bit (Bottom)
(Vertical Scale: 2 v/div, Horizontal Scale: 2 usec/div)
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Figure 5.14 FRAME Pulse (Period 102.4 msec)

(Vertical Scale: 2 v/div, Horizontal Scale: 20 msec/div)

can

By analyzing the photographs, the following conclusions
be drawn:

The WORD clock is properly synchronized to the BIT clock
The TRIGGER signal, generated by the PCD image sensor, is
properly synchronized to the BIT clock. The TRIGGER pulse
width is 1 BIT period

16 WORD clock periods occur each time the ENABLE pulse is
high. The ENABLE signal has a duty cycle of 50 percent

The least significant bit is converted by the ADC prior
to the falling edge of the BIT clock. The influence of
edge noise on the AD conversion of the analog signal is
eliminated

The frame clock period is 102.4 msec.

The photographs documented the proper operation of the MUSTANG

interface board and the GSE.
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VI. CONCLUSIONS

The development and integration of MUSTANG afforded NPS
the opportunity to participate collectively with other
organizations in scientific research. The operational theory
required for MUSTANG was developed collectively by NPS
students and NRL scientists. The Office of Naval Research
approved the operational theory and recommended further
research. To support continued research, NASA approved a
sounding rocket experiment (36.053), scheduled for February
1990. The operational theory evolved into a detector design
sponsored by NPS and fabricated by RSI. NPS students actively
participated in the integration of the detector to both the
rocket platform and the HIRAAS instrument.

During the integration process, electronic circuits were
designed, prototyped, tested, fabricated and assembled by NPS
students and staff. The MUSTANG interface circuit design
evolved as follows:

- The PCM encoder and PCD image sensor operational
specifications were studied in detail to determine the
interface requirements.

- Operational limitations of the PCM encoder and the PCD
image sensor required that the data acquisition and data
transmission processes occur asynchronously. A schematic
was designed that would support asynchronous operation of
the PCD image sensor and the PCM encoder. The schematic
consisted of three monostables for waveshaping, one ADC,
one memory device, one reference signal generator, and the

required wiring to interface the detector to the PCM
encoder.
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- Using the schematic as justification, the prototype
circuit was built and tested. Testing of the prototype
validated the asynchronous design criteria; however, the
edge noise resulting from the BIT clock was excessive.
The excessive noise distorted the data contained in the
three least significant bits of the ADC.

- The initial circuit board was engineered and fabricated
to validate the artwork for the flight circuit board and
to incorporate and test noise reduction techniques. The
noise reduction techniques consisted of:

- providing a high frequency ground for the power
leads.

- providing a high frequency ground for individual
component power leads.

- separating the analog and digital ground leads.

By using these noise reduction techniques, the noise was
reduced by a factor of eight over the prototype circuit.
The final noise reduction technique involved the
adjustment of the ENCODE pulse width. The pulse width
was shortened to 600 nsec ensuring the completion of the
AD conversion prior to the falling edge of the BIT clock.

- Based on the artwork produced and validated during the
development of the initial circuit board, two flight
boards were fabricated.

- To support testing of the flight boards in a variety of
operating environments including pre-flight testing, the
GSE was designed and built. Integrated testing of the
instrument in the laboratory environment validated the
proper operation of the interface board and the GSE;
however, the data acquisition routine did not function
accurately when the BIT clock was operating at 200 kHz.
The acquisition routine did operate accurately at 100 kHz;
consequently, the remainder of the testing was performed
with the BIT clock operating at 100 kHz.

The development and integration of MUSTANG afforded the
NPS students the opportunity to actively participate in
research beyond the scope of study that is achievable in a

classroom environment. Specifically, the MUSTANG experiment
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provided the engineering student the opportunity to
participate in a program environment. Engineering issues of
concern included parts availability, production deadlines,
component compatibility, noise reduction, and subsystem
integration.

The opportunity for future engineering work related to
MUSTANG is uncertain. If the rocket experiment validates the
proposed theory, future experiments involving space-based
systems are likely. If the proposed theory is not validated
by MUSTANG, future research may be devoted to re-engineering

the instrument or re-developing the theory.
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APPENDIX A

INSTRUMENTATION SYSTEM DESIGN REVIEW PACKAGE

This appendix provides specific technical information
pertaining to the following:

- Transmitter

- PCM Encoder Operational Configuration

- RF Link Analysis

-~ Detailed PCM Encoder Communication Matrix

~ PCM Encoder Addressing List

- comprehensive List of Flight Instrumentation.
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CsC

Compuies Scienves Con i ation
Apphet] Voo hoologs Connpuan

June 5, 1989

MEMORANDUM
T0: Paul Buchanan, Payload Manager
FROM: Warrean R. Dufrene, Jr., instrumentation Engineer

SUBJECT: Instrumentation System Design Review Package for Payload 36.053
McCoy/Naval Research Lab

Intraduction

This flight is planned to fly from WSMR in February 1990. The instrumentation
design is similar to 36.010 which flew from WSMR in February of 1986. An 5-19
guidance system has been added for this flight. The PCM format has been
changed to accomodate the added data channels of the S-19 and new experiment.
The PCM system will run at 200 Kbit, Also, an electronic timer will be flown
this flight.

Telemetry System Description

The TM system contains a 200 Kbit PCM/FM RF link @ 2269.5 MHz. The PCM system
is a Yector MMP-600 series Micro-PCM encoder using BI@-L code. This link
contains all experiment data, S-19 data, ACS data, and TM housekeeping data,
The transmitter is a S-watt Vector T105S.

RF carrier deviation, IF and video.bandwidth, and safety factor are as
follows:

PCM/FM Link (200 Kbit BIP-L)

Carrier Frequency 2269.5
Carrier Deviation +200 KHz Sr = 13.7 d8
Receiver 2nd IF Bandwidth T.0 MHz
Recefver Video Bandwidth 400 KHz

A Vega C-Band radar transponder will be used for trajectory data. Associated
with this transponder is a 2-way powar divider, two phase matched RF cables,
and two C-Band antennas mounted physically 180° apart.

Thrust acceleration data is obtained from two accelerometers mounted in the
thrust axis. One, a Setra 141A accelerometer is conditioned to a +306 -20G
range. The second, an Edcliff accelerometer, has a +17G -1G range and meets
the WSMR [1P Program requirements. A +5G Setra accelerometer will be used in
the X-Axis for lateral acceleration data.

Housekeeping data consists of the usual bus voltage monitors, pyro squib
current monitors, bus current monitors, and temperature monitors. Recovery
system, vehicle and ignition systams are also included in housekeeping data.

Buikling ¥-10/WFF
Wallops tsland, Virginia 23337
BOA.824.1208

Please note the following attachmentr:

1.

RF Link Analysis

PCM Measurement List

PCM Format

PCM Stack Arrangement

PCM Stack Module Addressing
MMP-600 Micro PCM E-Prom Program
Instrumentation Components List

Warren R. Dufrane, Jr.
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Carrier Frequency
Modulation Type
Radiated Power
Downlink Carrier Deviation
Ground Station Receiver
IFf Bandwidth
Video Bandwidth
PCM Code:
Bit Rate:
Words/Minor Frame
Minor Frames/Major Frame
Bits/Word
Sync Word #1

Sync Word #2

Bit Alignment

SFID Counter Location
SFID Word

# of Bits in ID Counter
ID Counter Counts

Parity:

36,053
McCoy/Naval Research Lab
System Parameters
2269.5 MHz

PCM/FM
25 Watts
+200 KHz

1 MHz

400 KHz

8IP-L

200 Kbit/Second
32

32

10

1110110111
MSB LSB

1000100000

MSB First

Word 1
00024232221 2%o0 LsB
5

Up & MSB First

None
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36.053
McCoy/Naval Research Lab
RF Link Analysis

Safety Factor (dB's)
Py #+ Dy +6, +6 . = S/N=-Bp-P
Transmitter Power = Watts (min.) in dB8w = 5 Watts (Min) = 7 dbw
Diplexer Insertion Loss = -1.3 dB (Not Used)
Transmitting Antenna Gain = ~6 dB WFF Microstrip 17.25" Dia.

Recefiving Antenna Gain = [37.2 dB (I1lum. Factor 55%) -3 dB
-3 dB (Polarization Mismatch)]

31.2 dB (Antenna Gain for 10' Dish)
Signz1 to noise ratio in dB = 13 dB for PCM/FM

10 Log, (KTgB) K = 1.38 x 1072 joules/°
Boltzmann's Constant B = 1,000 KHz

Receiver 2nd IF Filter TS = System Noise Temp.
Bandwidth

Tp = Antenna Noise Temp.

TA + TR TR = Receiving Noise Temp.

(40°)8 +290 (1-8) § = Power transmission coefficient for
the transmission - line preceding
the pre-amp = .9

36°K + 29°K = 65°K

TPA + [TDC/gPA] + [Tc,(gPA X 9Dc)] + [Tr/(gpA X Gpe X Qc)]

Pre-Amp Noise Temp

Down Converter Noise Temp

RF Cable Noise Temp

Receiver Noise Temp

(220°K @ WSMR)
10 L°910 (KTSB) = -145,2 d8

95




Format
Label

Path Loss = 20 Logyq (4« FR)/C]

20 Logyq F* + 20 Log)oR** + 20 Log,, (4w /C)

Speed of Light in Km/Sec = 2.9979 x 10% km/Sec

Freq. in Hz = 2,269,500,000

Range in Km = 360 Km (Max Slant Range)

150.7 dB

7dB + (-6 dB) + 31.2 dB - 13 dB - (-145.2 dB) - 150.7 dB
13.7 dB

36.053
McCoy/Naval Research Lab
PCM Measurement List

Time Slot
Data Description WD FR INT

Parallel Digital Data

Pl

P2

P3

Bit

MSB Prog Event #1 12 1 8

"~ O NI WN —

2
3
4
5
6
7
8
9
10

o
—
w
(-]

Prog Event #

- o
e
“r

=

n

@™

Prog Event #11 12 3 8
12
13
14
15
16
17
18
v v 19
Prog Event #20

P00 NS WN

oL

@

-

o d
w
o

- 4
(7]
(-

Prog Event #21 12 5 8
22
23
24
5
26
27
28
v v 29
0 LS8 Prog Event #30

W0 NE N~
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Sample Rate
sps

78

78

78




36.053

McCoy/Naval Research Lad

PCM Measurement List {cont.)

Format
Label Data Description

Parallel Digital pata (cont.)

Bit
P4 MSB Prog Event #31
32

33

Prog Event #34

P5-1 Exp Data
P5-2

PS-3

P5-4

P5-5

P5-6

P57

p5-8

ps-9

P5-10
ps~11
P5-12
PS-li
P5-1

P5-15 L ¢
P5-16 Exp Data

Bit

P6 MSB Data

L

1
2
3
4
)
6
7
8
9
10 LS8 Data

97

Time Slot
WO OFRINT
12 7 8
15 1 1
16 1 1
17 1 1
18 1 1
19 1 1
20 1 1
21 1 1
22 1 1
23 1 1
24 1 1
25 1 1
26 1 1
27 1 1
28 1 1
29 1 1
30 1 1
12 4 4

8/4/89

Sample Rate
sPs

78

625
625
625
625
625
625
625
625
625
625
625
625
625
625
625
625

156




8/4/89

36.053
McCoy/Naval Research Lab
PCM Measurement List (cont.)

Format Time Slot Sample Rate
Label Data Description WD FR INT ses
5-19 Data

Al Gyro Roll 111 1 625
A2 Gyro Pitch 7 2 2 312
A3 Gyro Yaw 8 4 8 156
A4 Rol) Resolver Uo 5 i 16 39
AS Roll Resolver Uy 5 2 16 39
A6 Servo Amp, So&y 5 3 16 39
A7 Servo Amp, 548z 5 4 16 39
A8 Servo Rtn, U8y 5 5 16 39
A9 Servo Rtn, U&z 5 6 16 39
Al0 +15V 2 26 32 19
All -15Y 4 14 16 39
Al12 Batt 1 -18V 5 15 16 39
Al13 Batt 2 +28vV 5 16 16 39
Al4 Batt 3 +8V 2 27 3 19
Al5 L.0./Timer Zero 4 15 16 39
Al6 Start Guidance 5 7 16 39
Al7 Canard Decouple S 8 16 39
Al8 Current Monitor 5 g 16 39
Al9 Bottle Pressure 5 10 16 39
A20 Regulated Pressure s 11 16 39
A2l Module Off Cmd 2 28 3 19
A22 Gyro Cage Cmd 2 29 32 19
A23 Gyro Uncage Cmd 2 31 3 19
A24 Gyro Pitch, Full Scale 5 12 16 39
A25 Gyro Yaw, Full Scale 5 13 16 39
ACS Data

A26 Roll Valves 8 1 4 156
A27 Roll Position 6 4 4 156
A28 Roll Rate 3 2 16 39
A29 Roll Fine 3 3 16 39
A30 Rol) Cosine 3 4 16 39
A3l Pitch Valves 8 2 4 156
A32 Pitch Position 3 5 16 39
A33 Pitch Rate 3 6 16 39
A34 Pitch Resolver 3 7 16 39
A35 © Yaw Valves 8 3 4 156
A36 Yaw Position 3 8 8 78
A37 Yaw Rate 3 1 8 78
A38 Yaw Fine 3 10 16 39
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36.053

McCoy/Naval Research Lab
PCM Measurement List (cont.)

Format
Label Data Description

ACS Data {cont.)

A39 Yaw Resolver

A40 Slave Roll Position
A4l System Mode

Ad2 Int Rig

A43 +15V Mon

Ad4 26V Mon

A4S Rig Heater (Roll)
A46 Rig Heater (Yaw)
A47 5V Reg Mon

A48 Bottle Pressure
A49 Bottle Temp

A50 Reg Pressure

A51 Yaw Fine Pressure
A52 Roll Fine Pressure

TM Housekeeping

A53 ORSA Sys 1 Sig Mon

A54 ORSA Sys 2 Sig Mon

A55 ORSA H/S Dply Mon

AS6 ORSA Pressure Mon

A57 Ign SCM 1, Ign, Des, Sep
A58 Ign SCM 2, Ign, Des, Sep
AS59 B.B. Motor Chamber Press
A60 B8.B. Motor Separation
A6l Lanyard Switch #1

A62 TM +28V Bus Mon

A63 TM +5Y Mon

A64 Door +28YV B8us Mon

A65 XMTR Temp

A66 PCM Stack Temp

A67 LIP Z-Accel (+17 -1G)
A68 1-Accel (+20 -5G)

A69 X-Accel (+5G)

A70 T™M Bus Current

A7l XPOR Bus Current

A72 Exp Batt 1 Bus Current
A73 Door Batt Bus Current
Al4 N/C Breakwire

AlS Timer +5V

A6 Lanyard Switch #2

99

Time Slot
WD PR INT
3 11 16
3 12 16
3 13 16
3 14 16
3 15 16
2 32 3
4 1 16
4 2 16
4q 3 16
4 8 8
4 4 16
4 5 16
4 6 16
4 7 16
4 9 16
4 10 16
4 11 16
6 7 8
4 12 16
4 13 16
6 6 8
2 1 32
2 2 32
2 3 32
2 4 32
2 5 32
2 6 32
2 7 32
9 1 1
10 1 1
7 1 2
6 1 8
6 2 8
6 3 8
6 5 8
2 8 32
2 9 32
2 10 32

8/4/89

Sample Rate
sPs

39
39
39
39
39
19
39
39
39
78
39
39
39
39

39
39
39

39
39
78
19
19
19
19
19
19
19
625
625
312
78
78
78
8
19
19
19




36.053

McCoy/Naval Research Lab
PCM Measurement List (cont.)

Format Time Slot
Label Data Description W FRINT
TM Housekeeping (cont.)
A77 Exp Hi-voltage Mun #1 2 11 32
A78 Exp Hi-Voltage Mon #2 2 12 32
A79 Exp Batt 2 Bus Mon 2 13 32
A8O Exp Aspect Relay Mon 2 14 32
A8l +15V DC/DC Mon 2 15 32
A82 +5V DC/DC Mon 2 16 32
A83 Exp Spare 2 17 3
AB4 Film Advance Mon 12 2 8
ABS Door Position Mon 12 6 8
A86 Batt 1 +28V Mon 2 18 %
A87 Batt 2 Mon 2 19 32
A88 Door Open/Ciose 2 20 32
AB9 Sequence Mon 2 21 3
A90 +5Y Amp Mon 2 22 32
A91 +15V Amp Mon 2 23 132
A92 +5V HV Mon 2 28 32
A93 Skin Temp Mon 2 25 32
A94 Timer #1 Data 13 1 1
A95 Timer #2 Data 14 1 1
A96 ACS Start Mon 5 14 16
36,053
McCoy/Naval Research Lab
PCM Stack Module Addressing
(Hardwire)
Component Address
A7 A6 A5 A4 A3 A2 Al A0

PD629 #1 0 o 0 0 0 1 x X

PD629 #2 O 0 0 0 1 0 x X

MP-601L #1 0O 0 t X X X X X

MP-601L #2 0 1 0 X X X X X

MP-601L #3 0 1 1 X X X X X

Sync #1 Inst 1 1 1 0 1 1 0 1 1 1

Sync #2 Inst 1 0 0 0 1 0 0 ¢ o0 o©

Pattern Lenyth Pattern

20 11101101111000100000

100

8/4/89

Sample Rate

5PS

19
19
19
39
19
19
19
78
78
19
19
19
19
19
19
19
19
625
625
39
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McCoy/Naval Research Lab

Instrumentation Components List

Component

S-Band Transmitter
Transponder
Transponder Ant
Transponder Pwr Div
Thermisters
Accelerometer
Accelerometer
Accelerometer
Accelerometer Cond Box
Current Mon Boxes
Current Sensors
Diode Logic Mon Box
Pyro Mon Box

TM Mon Box

S-Band Antenna
Timers

Htg

Vector
Vega

Pst

Vega
Fenwall
Edcliff
Setra
Setra
WFF

WFF

F.W. Bell
WFF

WFF

WFF

Ball Bros
WFF

Model

T1058
302C-2
7.015
853-C2
Isocurve
7-101
141-A
141-A

MB-1020

S/N 73, 74

Micro PCM Stack Vector MMP-600

Programmer

Timer

Digital Par. Mux
Analog Mux

Quad Filter & Amp
Formatter

A-D Converter
Power Supply
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Vector
Vector
Vector
Vector
Vector
Vector
Vector
Vector

PR-614
TM-615P
PD-629
MP-601
FL-619A
FM-618
AD~-606-HS
Px-628

8/7/89

Comments

2251.5 MHz
C-Band
Rams-Horn

15K Ohm

+17 -1G, Z-Axis
+20 -5G, Z-Axis
+56, X-Axis

(Built in Skin)
Electronic (Chucks
or Daves)




APPENDIX B

HAMAMATSU PCD IMAGE SENSOR TECHNICAL DATA

PCD LINEAR IMAGE SENSORS
HAMAMATSU | S2300 SERIES

TECHNICAL DATA (50um x 5.0 mm Aperture Size)

The S2300 series PCD linear imago sensors are monolithic
seit-acanning photodiode arrays designed specificaily
for applications In multichannel spectroscopy. The scan-
ning clreult is constructed by s Plasma-Coupled Device
(PCO). This scanner is a novel bipolar siatlc shift register
and |8 oparatable with a single low power supply voltage.
PCD image sensors (eature low splke noise, large sen-
sillve areas, and high UV light sensltivity that allow high
SIN ratios aven in low-light-lavel detection applications.

The photodiodes of the S2300 series are arrayed in a row
with 50 um cenler to center spacing and 5.0 mm halght.
The sensitive area Is twice as large as the S2301 series,
thus well suited for low-light-lavel detection requiring high
sensitivity, Three ditlerent numbars of pholodiodes, 256
(82300-2580Q), 312 (S2300-512Q), and 1024 (S2300-1024Q)
are available. Quariz glass is the standard window material.
(Fiber optic window types are also availabie.)

FEATURES

¢ Wide photosensitive area; 50 ym x 5.0 mm
Blrollr-lypo image sensor

Wide operating frequency; DC 1o 2MHz
0p°r”’bl° w"h low vo"age' s'ngle power From telt: $2300-256Q, $2300-5120, $2300-10240, $2300-1024F
supply

LoErc Inputs {star pulse, shift clocks) are

TTL compatible (open collector type)

Low capacitive switching noise

High UV unsmvn{

High output linearity and uniformity

Low dark current and high saturation

charge allow a long Integration time for a

wide dynamic range even at room

temperature.

*
[ 4
.

IMAGE SENSOR STRUCTURE .

The PCD lincar mage sensor is a8 monolithic Iintegrated clrcult con: Figure 1: Equivalent clrcuft
structed with photodiode arrays, PCO shill register and swilching tran.
sistors for addressing the photodiodes. Fig.t shows the equivalent cir. &
cull.

The PCD shift register is a statlc lype scif-scanner that translers an
addressing pulse along the chain driven by a synchionized three phase
clock. Each output pulse (negative polarity) from the PCD shilt registeris
then fed o the base alectrode of esch p-n-p swiltch In the video clrcull.
Photodiodes act as the emittars in thiese laleral! transisiors, and Operale
in the charge slorage made. Therelore the oulpuls are proportional to
the product of the iltumination iniensily and repeated scanning period, Figure 2: Sensor geomelry

As shown In Fig.1, the squivalent clrcuit of 82300 serles is very simple, soroas .
no dummy photodiode is necessary and the signal is avallable {rom only LRt
one row as a sequential oulput. Furthermore the uniformily and purity of
the signal i3 high, making It possible to measure the light intensity more
accurately with a simple peripheral driving and signal processing clrcuit.

Flg.2 shows the sansor geomatry. The pholodiodes consist of ditfused t PO
p-type reglons in n-lype silicon substratas. The charges generated in SAICON URIOE 0 4 0w
these (wo regions are collected and stored on the sssocialed P-N junc- ‘ ” @% litem]
tion’s capscitance during the Integration perlod. The p-lype dillused
reglan |s specially processed 10 have high sensilivity in the UV region nsncon
and lower dark leakage current,

(USRS W—
DIGI1AL 34 ) NECIIIN
WD Bt OB

S Crena l
1RANBSION

. B R
»or10000088 9 |
.d

TR
Teenmg

aetonne:

lrdermetion in this dats sheet is believed 16 be seliabie. He , NG dbillty 4o tor : oo or
Speciieations sre subject 10 ge with natige. No patent iights sre granted te sw of ihe ccults duscribed hereln.
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PCD LINEAR IMAGE SENSORS S$2300 SERIES

MAXIMUM RATINGS

Supply Voilage 10V
Operating Temperature — _ ~3010+85°C
Storage Temperature -40 (o +125°C

ELECTRICAL CHARACTERISTICS (at 25°)

. $2300-256Q §2300-512Q $2300-10240
Qarameters .. Symbols | yin “Typ. Max.[Min. Typ. Max.!Min. Typ. Max.| Unite
Supply Voitage " Vee 3 5 7 3 5 7 3 5 4 v
Driving Phase 3 3 3 phase
Shift Puise Voltage*! Vsh (H) 40 5 55 | 4.0 5 55 | 4.0 5 5.5 v
Vsh (L) 0.8 0.8 0.8 v
Start Pulse Voitage Vs (H) Vce Vee Vee v
Vs {______o8; 08 | 0.8 v
Operaling Frequency ! 0C 2 DC 2 DC 2 MHz
Photodiods Capacitance Cp 8 pF
Video Line Capacitance Cv 25 40 50 pF
Power Consumption*! P 30 30 30 mwW
Photodlods Dark Current*' \d 4 10 4 10 4 10 pA
*1: At Veo =8V
OPTICAL CHARACTERISTICS Figure 3: Typical spactral response
Speciral Response (20% of peak) 200 to 1000 nm
Wavelength of Peak Response .___800nm 500 |
Saturation Exposure Esat*’ 50 miux-sec. % o 4
Saturation Charge Qsat 37pC 3 WINOOW
v § o2 within t 5% zwof—1f -—f—--
Sensitivity Uniformity’ 0 § . \
*1: At Veom 8V gm ) ~ ] o N
*2: 50% of saluralion, excluding first slement - hid i o ~
. ' I\
100} = . avey FIBER L
; J\j S oP1c \)
’ WHNDOW \
" 3 i >
00 300 400 MW %0 ) 1100 1200

WAVELENG S (nen)

Figure §: Dark output charge vs. storage time
Figure 4: Oulpul charge vs. exposure peralure dependency

10* "

B e

g.:i“f- ..... VI

:
|
|

7 AR

DARK QUTPUT CMARGE (oC

READCU! LIME
£ RSN ; 20p soc/piset
10 LY 100 - l
e 19+ T ' [T "o ' T3 10° 3 [
EXPOSURE (W *sec) STORAGE TIME (sec)
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HAMAMATSU

DIMENSIONAL OUTLINES AND PIN CONNECTIONS (Dimensions In millimetérs)

$2300-258G $2300-5120
SENSITIVE AREA S(Nﬂ:;v‘t AREA
- 128 .
$a203_ge£0s {:zus-a 124203 |
- I aoacpaainan p- S
——alll i : i1
i 2 Py - % i <
- Els m s ]
; 1 HjlE=cc]g i
R o DNt Rl
e ~ - wee v
——-20 -{ . /E."_’_ a g§ . g E
3 BEEA
T T OO ol e
70 Apte | |
') TS TR AP P i
§ral . 3623 gl ool e cdBy
Nogmeoetuoy RIS EEEEEEEEE
 rmuneranes hommumersegznoz
s28¥u3usiey 3su8yyyyisdyed
$2300-10240
N it 44 S o . Symbols - | 2 Fu
Vo Video Output
TSNS A 3 Two Vo are connected inside the
e ———— -~ - T g"r eslement,
AR AR i AR | -~ vee Power Supply Voltage
Bl Tl 2 GND Ground (OV)
= — T _lj l St Start Putse Input (TTL compatible)
< * Clock Puiss Input (TTL compatibie)
0 E— 3 EOS €End of Scan
LA ™ Negative C-MOS compatible.
- / JEY Oblalnable al the clock timing just
e l gs alter the las! element |8 scanned.
Tri i iiY?TTi i i i i i? 0% 5 NC No Connection
-+= This should be grounded.
7%
@8 2] Y -
-} -] o ¢
0] <¢§§ <schceciBynd Mechanical Specifications
L EE ELEEE FI R L EEE T ‘ YRR
" ) P Aol {ateall¥sizo F1oes
Number of photodiodes 258 512 1024
BT T G oo T T — Pitch (um 50
e8pdwvwwyvwwyywdpfay Apatiure (um) = f‘z:m? -
Number of pins .
Window materiai*® Quartz
Net weight (g} 4 | 8 | 8
*Fiber oplic window avallable.
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PCD LINEAR IMAGE SENSOR S2300 SERIES

DRIVING AND AMPLIFIER CIRCUIT

The clock pulse timing and clrcuit parameter requirments
for driving the S2300 series PCO image sensor are
shown In Fig.6 and Fig.7. To operate the PCD shift
reglater raquires a star! pulse 1o initiate the scan and
three phase clock to drive sequantially. The polarity of
the start puise has 10 be negative and the clock puises
must be positive. These pulses are TTL compatible. The
start pulse needs at feast 500 ns duration time and a
minimum of 200 ns overlap with the clock pulse ¢ to
start the scan. it is not always necessary to overlap
clock pulses sach other, but I a gap of more than 100 ns
is presanted, scanning wiil disable.

An open collector type TTL is used to drive the PCD
shift ragister. The voitage level of the start and shift

Figure & Timing diagram (3-phase drive)

m —L-{ —
Closs 1Py ] ‘!—-
Conrtog r_—]

CherIey - _—1—
pr—— YTy
Sotacrod Cwment LI SN N QUL LT L) 1=

pulse are determined by Vs and Vsh respeclively. To

‘provide stable operation of the shift register, it is

necessary to select an optimized injection current con.
trolied by resistances R, and R;. Typlcal values of thess
driving parameters are shown In Fip.7 and the electrical
characteristics table.

To detec! low light levels with good lInearlty, video
current intaegration with a charge-amplifier Is recom-
mendable. Fig.7 shows this type of signal extraction
with this circuit, the charge-amplifier is reset to ground
prior lo address each pholodiode multiplex switch.
When the switch Is closed, signal charge flows Into
capacllors in the integration circult. The output wave
form is a box car shape.

Figure 7: Driving and ampiifier circuit

Yer

VS o o
ku

Ve

5 e — e A 51 <

Van E0S}-— 08
s N } c Reset
.. .—-D-‘.J.. r“-l ' 8
.. -—{>_, ——m—— ., Q.
[-0-]
. —1 >-.4L—_ e KX Vudeo vo

vee, Vsh and Vs are operatable with the same supply voltage.
Typical vaiues of the parameters
CE:2nF, R 56KkQ, R 40 Q

RELATED DEVICES
+82301, S2304 Series PCD Linear image Sensors

Hamamatsu provides other sensor geomelries for the PCD linear image sensors. The $2301 series has
photodiodes of 50 ym x 2.5 mm and the §2304 serias has those of 25 ym x 2.5 mm. Types with 128 to 1024
photadiodes are avaiiable.

+Driver/Amplifier Circuits for PCD Linear Image Sensors

Driver/ampiifier circults for PCD Image sensors are available. These circuits need only a start puise, master
clock puise, + 5V and * 15V power supply lo drive the PCD Image sensor. The video output I8 a voltage outpul
procassed by s charge-ampllifier, Pulse generator for these driver/ampliller circuits and data processing unit
for AJD conversion are also available.

HAMAMATSU

HAMAMATSU PHOTONICS K K, Solki Siate Divislon

1126, chino-cha, Hemamaisu Cily, 435 Japen, Teleplione: 0534/34-3311, Fex: 0534135 1037, Tolen: 4225-185

U.8.A.: Mamamaisy Corporation: 360 Foolhill Rced, P.O. Box 8910, Bridgewater, N.J. 008070010, Telephone: 201-231.0080, Fax: 201:2)1-1599

W, Ge y: M P D ol GmbH: Arzbargerstr. 10, D-8038 Hetrsehing am Ammerseo, Talephone: 08152.375.0, Fax: 08152.2038
France: Hemamalsu Photonics France: 4981 Rue de la Vanne, 92120 Monlrouge. Telaphone: (1) 48 554 758, Fax: (1) 46 55 36 65

Juuer
T.2000 Printed In Japan
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APPENDIX C

HAMMAMATSU DRIVER AMPLIFIER TECHNICAL DATA

OPERATING INSTRUCTIONS FOR EVALUATION BOARD

HAMAMATSU PHOTONICS K.K.
SOLJD STATE DIV,

SN29-8490717-0051201.
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OPERATING INSTRUCTIONS FOIR EVALUATION BOANRD

GENERAL

This {s low noise driver/amplifiat circuit for Hamamatsu PCD Image Sensors
(82300-512Q,-512F).

The PCD image sensor is u monolithic self-scanning photodiode array. Its scanning
circuit is conatructed by Plnama-Coupled Device(PCh).
This driver/amplifier circuit provides a acanning pulse "Slart" and a three phase

clock "¢ 1,82, 43" to drive Lhe PCD image sensor, and includes a charge-amplifier to
output Lhe video signal "Video Datn" in the charge inlegration mode.

FEATURES

@ Simple operation; a start pulse, n master clock pulse, +5V and £ 15V required.
@ Low noisa configuration.

. @ Structurs allows for easy cooling and optical alignment.

* SPECIFICATIONS

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

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

CLK: ‘ITL pulse, rining edge sensgitive. Maximum frequency 250 KHz.
Uged to syncronize the circuit and the shift register in the PCD
image sensor.

OUTPUTS ; Trigger: 1,S-TTL compatible, positive pulse.
Available as a start signal for S/H and A/D conversion (optional).

S~-CMOS compatible, negative pulse.

Available immediatly after scanning at the last pixel is completed.
Can be used as end of A/D aquisition.

Video Monitor: Negative voltage output.
This oulput ia the inlegrated PCD video current signal.

Video Data: Positive voltage output.
It is Lthe procesased signal of Lhe "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, inust be suppl.ied to the driver/amplifier
citcuit inputs,

2) Pulse generator conneclion

The "Start” pulse and the "CLK” pulse, aa specified under apecificotions, must he
suppliad to the driver/nmplificr civcuit inputa, (2335 "Hlumamatgu Pulse Genera-
tor"” available and can be connecled 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 "Starl” pulse input (from C2325 or other clock) is connected both to the C2325
board and to the EXT. TRIG. input of the oscilloacope.
The "Video Data" signal oulput is the connected to the input of the oscilloscope,
4} S/H and A/D converter connectlion (optional)
The "Trigger" pulse output can be used as the logic input of S/l 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 Lo monitor the "Video Monitor"” or the "Video Data" signal
oulput without any light being tlluminated on the photodiode array.

1) Zero level ad justment 1:

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

te~- Resel period

GND Level

bafore adjusiment

GND Level

nfter adjustment

2) Fluctuation (caused by Power supply) cancellation ad justment:
Adjust VRI(1K Q) until the fluctuation of the "Vedpo Data” signal is minimized.

———-2 Readout period

helore ad justment

GND lLoevel

at'ler ad justment

GND lLevel

e T T WL
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3) Switlching noise cancellation ad juslment:
Adjust VR1(10K Q) until the amplitude of the apike noiase is minimized.

before adjuslment

GND lLevel

alter adjustment

GND Level

4) Zevo level ad justment 2:
Adjust VRA(10K Q) until the clampling level comes to oscilloscope ground level.

—'| “— Clampling

period

before adjustment

GND Lovel

altor adjustment
GND Level
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REMARKS
If the evaluation system ia not operanted, regulnrly check the following items:

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

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

3) 1s the high level of Lhe Lthree phase clock (¢ 1, # 2, ¢ 3) according to "Figure 3
Timing Diagvam® ?

4) Is the "EOS" pulse oblained from Lthe pin of the PCD image gensor 7
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Appendix 1

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

§2300-512Q $2300-512F
SERSITIVE AREA SENSITIVE AREA
1356 ——f %6
128208 128208 128293 128209

g - T g S
2 Ta 2277 | |- = e 1=-H- 2l
E E %WZ%///A ~ - = ]l’ 1 % P -
g il g i

0o wse

[« 114 s’:

2P
;;"_BZ

LYWW??WW?

2.3¢ I
15 24

nae

‘ | A
¥Hudcccd e iBY ——
RLRgITNIRT2C e

Tavlrvvviylved

Tryyvvedpless

Symbols ] Functions Paraueters 52000-5120 | 52300-512F
Vo Video Oulpul
Two Vo are connected inside the Nusber of photodiodes 512
element. Pitch {un) 50
vee Power Supply Vollage
Aperture ] 50 x 5000
GND Ground (OV) 4 (un)
St Start Pulse Inpul (TTL compatibie} Number of pins 28
[} Clock Pulss Inpul (TTL compatible) Window material Quartz Fiber optic plate
(G End of Scan ‘
Negaiive C-MOS compatible. Net weight 5¢ 13.%¢
Obtainable at the clock iming just
after the last element Is scanned.
NC No Conneclion
This should be grounded,

Figucre A-1 Pin Configurations and Package 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 D

IMAGE INTENSIFIER TECHNICAL DATA

Fa144
FA145
F4150

Proxhnity Focused Channel Intensifier Tubes
wilh Dual Microchannel Plales

17" ; . Spectnl Response
lmuge Intenstiiers 1117 Type Number Format (Note 1)
4144 1&nin S0
Fealnes; 4148 285mm S-10
4150 d0unn S-20
o Lightwelgin 18T provimity fucused climnnel Intensifier tulies swith dust mlcrochannel piate
* Shott Length are minfaturized, very high gain, fuape ntensifiees. Al of these fubrswiiitre two
¢ fuggedired Conelruction wilcrochimunel plates 1 eaveade to proside sery high elechion gl Top wltra Yow
o Unltotm Brighitness light level amyplification. A hasle tube combsly of # phulocnlwde. tnwo
o Zoro Distortlon microchnumel plates I cascade, and gn gulpul phosphor screen, ‘The tube
o Migh Gain envelupe 15 of & metafeeramic canttinetlon with & ginss, fiber optic or otlicr
¢ Frol Nesponse Input window and s plang-pisao fler aptle output winduw, AN hibes of thig
* Qalonble {ype nre geteshle. The F 4144 Is capable of heing gated o, within &
* Non-Bloomin nanineconds after application ol the gate polse, hy switching the Inherently luw
. Phot C' : cathnte 1o mderuchanel plate (NCF) Inpul voltage,
haton Lounting GENERAL CHARACTERISTICS
Fhotocathude: s
Spectral sesponse (Note 1)voveeeenns veeere e rrsaaes eee 8020
PR NESIINE (oo enn s et aaneteunranes oo .o A50-550 nagometers
Windnw (Note 2} .ooevneenns vevraaeanes FOTRN . plana-plano gissy
Phsphiots
Spretoad respunite (Nale D)oo oeeeeoioones Ry 120, alyminlzed
Peak JESPOMSE. .o ovuorniierninnenaents N SL0 570 nannmelety
Wintlow L oovivaenses Cevereneneercasterananntren ano (ther nptie
Foensing method o ovovenniionnes R R R R R R Proaimity
{ipernting posttion ...ovets R TR R [ Any
Madimsm Tempeiature (nuun-opetAiing) «.oovceeseeees Veeereeaas 657¢]
Aagniflestimn s . vveiieiineveaaes . et e 1:1

TYPICAL PERF ORMANCE( HARACTERISIICS for specified vallage)
Supply sultages UC (Note 4)

Ihsphorto MU oeeenies PR Cresesrereianane Stn § KV

[ L L SRR R ETE LR N 1000-1800 Volis

fhotocathode to MUP . ooceeeens Cerenevasere.. 150 (0 200 Volly
Catlinde Lundius sensithity:

Tophel covansissonninornsnnnrrareseerenes veverea. 23S pnflumen

Mivdmgm ooooienoe weaenrnae R R 118 pis/Samieny

t wnidsssus gula, smlable (L L T LI [{(INT 3
Mavirueg Dght Leved tNole 1) coovavavanieananns & X 10 fonteamilies
Resotution tauge INote ), ovoiivinsvnerrsensnes 18-20 finepales/ it
Fquisalent brighiness Bput (Muslun) oooevaniee 1 X 1071 fumsers cu?

Easglectlng aamd appilcationy wasistance for the tube types isted ahove imy be
otitnbucd by coniacting Llecten-Optiest Products Dislshon,

NOTICZ: AM TENURT LICENSE 1S HE.QUIRE
R i (N : 3]
FOR SHIPLLIZL QF THIS FROVUCT QUISIVE

OF 1HE UBA I‘ ”-l!
neveses  ELECTRO-OPTICAL PRODUCTS DIVISION
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Fa144, F4145, F4150

NOTE 1 Other photucsifiodes svailabile an special spder, Include the S-1, o
provide detection and cunversion of 1,062 slgnals, and (s, Csl cathaodes (or
specisl UV spplications,
NOTE 2 Fiber upticy, quarts, Mg, or atlier materinls s1uilable un speclal
ueder. SPECTRAL OUTPUT
NOTE 3 Other plusphors availatle win speclel cder, P.20 PHOSPHOR
NOTE 4 Power Suppites cun Ire an futegral part of the tube ayscrably, Gatealile Y -
and DC pover supplles are availabile as sepratate unles. -}-1-1- S i -
NOTE § Defined os the ratlo of the toial huntuase thug rom the phosphor sol-t=r=1-y 1"NT171~
screcn Lo the total huminaus flux fucident on the pliatocethode from a siandnid
2,854% K tungsten lamyp, and wersused with o phastometes as 10 5./10 ¢ whihan
nput fevel of 1X10™ fi-c Incldent on the phdocathode. The ITT proxhnity
~focused channel ntensifler tube provides a variable fube galn by vatylug the ol =1 11k
microchannel plate voltege, -
NOTE 6 There is o degendation of resolutlorn frou center-lo-edge of screen, . ;’ o \‘

to|-{-|~- of- -

LATIVE QUTPUT-PERCENT
'
t
{

Nesolullon Is merwured with 3 X 107! foaterndies on the photocsihode to W
determine lindting, or § per cent ALEE levely witly a 100 pee cent contiast inigel, « o [E 33 K1)
NOTE 7 For continuous operation; this valiue mny Le severs) nrders of WAVELENQTH —  METERS
magnilude higher (or pulsed vperation.
NOTE 8 Maximon outpest brightaess thut ean be achlesed fran these tubies
will mnge fsom 1.2 Footlamberts under D.C. operating conditions.
TYPICAL SATURATION CUNVE TYPICAL QGAIN CIHARACTERISTICS
OF PROXIMITY FOCUSED Of PROXIMITY FOCUSED
MICROCHALNNEL WAFER 1UBE MICNOCHANNEL WAFEH TUDE
10 L [ .
// // [T prp—
4 4
/ / ] - . -
m 3 ,n - ri‘ — "'. . _ %u— _
i s ,
E b " . ~1, | / . p—
7 7
X Ui // e 7 Z 10} — 0’ i.:
gg / ’ / < | _; U
%‘( 3 - 6/' / ) —— ‘_‘__- . R ‘.5
~ 4 u'\/ / v 10"} —| K| —- | w0 2
it g 4 / o ° w
vd
D0 ¢ 7 - 7 7/ Q | Y . PR A 5
8.0 ’ / / Z av. 2
F'u. 7 / 7/ = § [o: I T ]
e 1= Y Y Vi 5 10 ——f e B Loem o ’IO -
O 03 7 R 7 d - j v, = 150V m
7 Y y; > g . o] —— W
// 7 / 10} ~—— .‘_'!_'_322?_"___ e | e G
o e i JNEUT 1LUMINANCE
o - e my iome e
INPUT ILLUMINANCE {(FOOTCANDLES) , = 4010 " 1O0TCARDIES n
1000 1200 1400 ®o0

MGCP POTENITIAL (VOLIS)

B L
nevesss  ELECTRO-OPTICAL PRODUCTS DIVISION lﬂ.T
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F4144, F4145, Fa150

YYPICAL ABSOLUTE

SPECTRAL NESPONSE CHARACT!RIS"C.S
A= SN o == —
- :~“_§§ -
[ R S e e e
ADIA € OIA 0 DIA i || — :S
Max MY My :
B
I e |
1] R L= -
.'IU’A. Sele$emiv + wongug tg0y
Dimenstonal Data 18mm Fal44 28mm F4148 40nun 4150 Unils
A Mashnum dlameter 43 83 n nin
{with paiting)
B length (nominal) H] n 2] mm
C  Usesble Motueathode Aperture 18 H | 40 mm
D Usesble Screen Aperture 8 15 (] ntm
ffutted Welght §0 108 s rany
mo.or 1T
REV 6/086 ELECTRO-OPTICAL PRODUCTS DIVISION
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[ ceuLIv-UHNICAL

PRODUCTS DIVISION ~uniiy Mieet b=
g?g?g::lai;ggllac Street ~PROXIMITY FOCUSED CHANNEL IWTENSIFIER TUB

Fort Wayne, Indlana 46801 TUBE S/N XXi 0966

1,0 OUTLINE DRAWINGS TUBE TYPE F4145
} —l22 | CsTe/0/P20/FQ
nn
DATE 09/28/89
52 ——-L 25
mm mn -
max. useable
______di?~ } aperture 5.0 CATHOOE SENSITIVITY
N/A ua/lumen
2.0 ELECTRICAL SCHEMATIC Toee sensitivity curve)
Photo-
Fioa __MCP __ _Phosphor 6.0 RESOLUTION
P . N/A Tp/um
= @ " MCP volts
- am - Q — — —
in $out ! 7.0 LUMINQUS GAIN
| { L LULER AL
R A & B A
3.0 LEAD COHNECTIONS
LEAD COLOR ELEMENT 8.0 GAIN UNIFORMITY
Blue Photocathode (neg.)
2 Red MCP Input (neg.) 11 b4
3 Orange MCP Output (neg.) @ 47 Ke- gain
4 Yellow Phosphor {ground) —_—

9.0 EQUIVALENT BACKGROUND INPUT

4.0 TYPICAL OPERATING VOLTAGES * y N/A__ 1umens/cm?
gain

Cathode to MCP input 180 volts
MCP {nput to MCP output 1670  valts
MCP output to Phosphor 5K volts

——————

* yoltages for 30 ke- gain

e —————

4,1 MAXIMUM OPERATING VOLTAGES **

Cathode to MCP input 180 volls
MCP input to MCP output 1700 volts
MCP output to Phosphor, 5K volts

*» yoltages for 40 ke- gain

4.2 Use with power supply
Model # 200057 S/N 0110

Power supply setso that when Vcontrol = 10,0 V,
Vmep = 1700 v. The product of the photocathode
current an the MCP gaia must not exceed

0.1 vA/em™,
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-PROXIMITY FOCUSED CHANNEL INTENSIFIER TUBE-

Tube S/N  XXH 0966 Tube Type FA1AS pate 19/206/89

MCP Conductivity 3,3 2105 amps @ 1K volts
Photocathode Sensitivity H/A ua/i. @ Lumens
Photocathode Type/Window CsTe, Q Phosphor Type r-20
Photocathode Voltage 180 Phosplhior Voltage 5K

GAIN CHARACTERISTICS @ v tnput
5x10 T T TE T - nm ~

- F. 1]l -{= f 3 : 13

E1)
-
g

= z B33 _:_..._;._-...- SHEELE = 3 =1 EEEES
_z:_ SEes e et SES==
= = S EEre e
e e
§ e e e :
lxlo I . T T 1 N : ) E Y Sy O 8 Dt O B
5 Y ERON 0 1 | . M B O S S 0 S A O 3 3 S Sl s PR ¢ Gl
=t - : g TR r
i sels 3
FEBHE risrrizisjdisgnsis |- . Fritte
5X105 =] e NERSEA P R B REH RENENERDRE RN e
4 cisbll b L bt b E | bl sl s
SR g e e ey iELER
GAIN =g e e AR oS B & 5
—_— — =
=
T+
y 1T T
v Pl FalEba g L
110 B =+ :

r3 e o
5 -23d b degs s paid 38 -
sx10% [Fac L[l R F 423 RENRA QR ARY ANEEY EnRnd P A Faan AR S
: e ERGR kv |- - T R

..... - ——

3= N
1x10 3 Citaie vt i -
1400 1500 1600 1700 1800
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APPENDIX E

AYDIN VECTOR TRANSMITTER TECHNICAL DATA

« Avaliable In 2, 5 and 8 Wattls Minimum Power

* Video Response
« Wideband Deviation

» Internal Power Line Regulator

« Intarnat Qutput 1solator
» Meels IRIG 106-80 Standards

The Vactor T-100-TV Series are solid-state, crystal stabilized,
true FM telemetry transmitters capable of transmitting
analog or digital multiplex signals. These transmillers are
designed for extremely reiiable operation when subjected
10 the savere environmental flight conditions of missiles,
space vehicles and aircraft,

The internal modules (modulator, series regulator, power
amplifier, multipiiera and filters) are housed in separale
machined enclosures o maximize RF isolation, Com-
ponents are derated from the manulacturers raled values
and all semiconductors undergo 100 Hrs. burn-in at
100°C, to insure raeliable operation while meeting the
apecified oulput power requirements undor worst case

conditions,

ELECTRICAL SPECIFICATIONS

Qutput
Frequency Range:

Frequency Stability:

Power Output:
T-102-1v
T-105-TV
T-108-TV

Antenns Compatibllity
Output Impedance:
VSWR (load)
Open/Shon Protection:
Harmonic/Spurious
Response:

Modulstion

Type:

Sense:

input Impedance:
Frequency Response:

Deviation:

Deviation Linearity:
Modutation Distortion:
incidental FM:

Incidental AM:
Modulstion Return:

1710 t0 1850 MHz
1435-1540 MHz

{ S band optional)
+0.003%

2 walls min,
5 walis min.
8 watts min,

50 ohms
1.8:1
Yes, Internal Isolator

IRIG 108-80

True FM

Positive

75 ohms

10 Hz to 6 MHz =1.5dB
{to t0 MHz optional)
Optional pre-emphasis In
accordance with CCIR-408)
£6 MHz/V rms (Increased
sensitivitly optional)

2.0% max BSL lor £6 MH2
deviation

2.0% max for £8 MHz
devistion

+10 kHz

2% max

Modulation return common
1o case

125

Power
Vollage: 28 14 Vde
Current:
T-102-TV 1.0 A max
T-105-TV 2.0 A max
T-108-TV 2.5 A max
Reverse Polarity Protection: Yes

Power Return:

Power return common to
case

ENVIRONMENTAL SPECIFICATION

All performance specifications will be met under the

following conditions,

Temperature:
T-102-TV ~25°C to +85°C baseplate
T-105-TV —25°C lo +80°C baseplate
T-108-TV -25"C to +70"C baseplate
extended range optional
Vibration:
Sine 209, 20 to 2,000 Hz, 3 axis
Shock: 509 for 11 msec % sine,
3 axis
Acceleration: 100g, 3 axis
Altitude: Unlimiled
Humidity: 90% RH
EMI: Complies with IRIG 108-80
MECHANICAL SPECIFICATIONS
Dimensions: See Dwg.
Waeight: 16 ounces/0.45 kg max
Volume: 11.5 Cu. inches/188548.0
Cu. mm lass connoctors
Connectors:
Power Bendix PT1H-8-4P mates
with Bendix PTOBA-8-4S
MOD Input SMA .250-38 UNS-2B
mates with SMA male
< RF Output TNC 7/16 - THD mates

with TNC Male




Pin Connections: A) +28 Vdc
BY N/C
C) Power RTN

D) Chassis Gnd

OPTIONS
Frequency Range:

Frequency Response:
Pre-emphasis:
Devialion Sensitivity:
Modulation Type:
Extended Temp:

S and L-band, specily center
frequency

10 Hz to 10 MHz.

In accordance with CCIR-405
Higher sensitivity available
TTL compatibiiity

-40°C to +85°C

QUALITY CONTROL AND PRODUCT
ASSURANCE

The Vector T-100-TV Series transmitter is manutactured
under strict Quality Control procedures in accordance
with the requirements of MIL-Q-9859A. Additionally, all
semiconductors and intagrated circuits are used in the
T-100-TV are subjected to intensive component pre-
conditioning procedures. Each assembled unit is fully

. tested to a comprehensive Acceptance Test procedure
~hich includes full performance testing at the thermal
axtremes. .

“.'eclor has participated in numerous “hi-rel” aerospace
programs which have required exhaustive component
screening, preconditioning and selection procedures.
These “hi-rel* procedures or specilic customer generated
requiremants can be invoked in the manufacture of the T-
100-TV series transmilters if necessary.

ORDERING INFORMATION

When ordering specify series number and exact operating
frequency in megahertz. For special applications or
additional information, contact Aydin Vector or the nearest
sales repraseniative.

Outllne Drawing

T-100TV
/?:353:"’-‘*'"
(iy@) Wl ‘;‘J'@i
2 @]
9 2)
e | B @
48 920 s20
[{ 1ie1 }]
? @
P gj
— 2., i@

]

(381

.
toro
788 s
(16.76)

.
1 a9 =220

(37.08)1230

8

i S |

b 12 L0204
On 29t snj

17

(384)

e 130

2.20
(85 88y

(63 S0}
POWER CONNECTOR
BENDIX PTIH-§-4p —\

RF OUTAUT CONNECTOR
C" 7,4 - 20THD

vy
.10'5 t o020 AY AN as N j'aal)
1o 2tt 30 7
JI N S Lo -
1.34 max . \
(34 Q3 man) ' a MOOULATION INPUT
: connecton)
0SM  250-36
uns-2e |
J S |

Dimensions in inches (mm)

Builetin 27 125/Rev.1/5/85/2M/Printed in USA

)Q( AYDIN VECTOR owision

NEWTOWN INDUSTRIAL COMMONS © P.O.Box 328, NEWTOWN, PA 18640-0328 » (218) 968-4271 o TWX: 510-867-2320 ¢ FAX: (215} 988-3214
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APPENDIX F

POWER SUPPLY TECHNICAL DATA

i
}' RESEARCH SUPPORT INSTRUMENTS, INC,  (f
9 PRONE 30T 78 948050 VRN 55179 442 AN

N |

Item No. 0001 AK

LOW VOLTAGE POWER SUPPLY
~ RGI MODEL 4e6-211

The RSI Model 428-211 is a low voltage power supply which
operatas from a nominal +28VDC input. The output of the unit 4ia
+5V and provides up to 1000mA. A current limited output monitor
is provided in parallel with the output voltage.

The input is series diode protected agsinst inadvertent

revarsal of the input power linea. Heat ainking of the case is
recommendad for full power operation.
SPECIFICATIONS:
Input Voltage.......v40004..¢24VDC to +34VDC
Input Current...... v cs0e0:...70mA (no load) )
500mA (1000mA Yoad)
Output Voltage......coeseee..¢5V (+=-5%)
Qutput Ripple.......¢c.v0vu..< 5QmV
Output Spikes.......v00000:s.< 78mV
Efliclency.....coivevssus...,.,>30% at full load
Converter Frequency..........Nomihal 10KHz
Operating Temperature,....,...-20 C to +70 C
Storage Temperaturé...,.......-40 C to +8S C
Line Regulation.......evv0ae. .02%/V (no load?
AL:
Dimensions...... cveesssesasss1.0 An.X 3.0 in.X 3.5 in.
 Weight........c.itiveeieeesss.300 grams
Mounting.....s.s0000c0ss0e0e.Four (4) size six clearance
holes
CoNNECtOr. ..t 0000 aesss.es.Cannon DAM 15P
P 3

Voltages other than +5V upon request.
Potting or conformal coating upon request.
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Research Supp:ort Irmstroame it s

Test Repaort

.ow Vol tea Paenver Swuppely

0
0

Mcodel Number _428-211

Serial Number _122803

Valtage Irput _28.0 V

Input Input Qutput Qutput Monitor Cutput

Yoltage Current Voltage Current Qutput Ripple

(V) ¢ mA ) (V) ( mA ) ( V) ( mv )
28 38 S. 24 Q . 24 20
8 74 8.23 100 5.23 20
fesg=] 108 S.&1 200 5.21 2SS
=8 {a7 S0 300 5. 20 20
8 137 S5.18 409 S5.18 25
28 ZZ4h S.17 S500 S.17 25
=8 =3 9. 16 600 5. 16 30
=8 =97 S. 14 700 S. 14 25
=8 337 S. 12 8Q90 5.12 25
3 280 S.1: 00 S.11 30
28 420 .09 100Q .03 30

Notess

{ Unit should be well heatsunk.
2 Unit loses regulation at 6,2 V irvput.

Sigrature (\h’ M

Date 12-7 -89

Disk:wptest File:wpl223U3,rna
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.x RESEARCH SUPPORT INSTRUMENTS, INC.

" 10610 BEAVER DAM ROAD, COCKEYSVILLE, MARYLAND 21030

-i PHONE 301-785-6250 FAX 301-785-1228
" |

——— it

Item No. OOOlAL

DUAL TRACKING LOW VOLTAGE POWER SUPPLY
RSI MODEL 441-133

The RSI Model 441-193 ias a dual tracking 1low 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 under various
loads. A current limited output monitor is provided in parallel
with the output voltage.

The input 1is series diode protected against inadvertent
reversal of the input power lines. Voltages other than 15V can
be supplied upon request. Heat sinking of the case 1is
recommended for full power operation.

SPECIFICATIONS: |

Input Voltage...............+24VDC to +34VDC

Input Current...........vs., 70mA (no load)
840mA (400mA load)

Output Voltage........ ....,+15VDC @ 400mA

-15VDC @ 400mA
..Leas than 25mV
..Leas than 150mV
.. 60X at full load
..Nominal 10.5KHz

OQutput Ripple....... .
.. -20 C to +70 C

Output Spikes..........
Efficiency....cccvnenns
Converter Frequency....
Operating Temperature..

Storage Temperature... ..~40 C to +85 C

Line Regulation....... ve..0.02%/V (no load)

Load Regulation........ ..0.01%/V (400mA load)
MECHANICAL:

Dimensions.......ccvi0:0...1.0 in.X 3.0 4in.X 3.5 4in.

Weight. ... .ot etienssse.212 grams

Mounting.i.ueseeeese vesesesssFOur (4) size six clearance holes

CONNBCLOL ..t csesssssscsresCannon DAM-15P .
OPTIONS:

Voltagaes other than 15V upon request.
Potting or conformal coating upon request.
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Research Suppcryt Irmstrumertss

Test Report

LLow Valtage Power Supply

Model Number _441-193

Serial Number _122508

Voltage Irput _28.Q V
Input Output Output Monitor Output
Current Voltage Current Qutput Ripple
( mA ) (V) { mA ) (V) ( my )
+ - * - + - + -
47.7 15.0 15.0 0 (o] 15.0 15.0 10 i0
290 15.0 13.1 Q 300 15.0 14.9 10 10
290 13.0 1S.0 300 o 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:

i Unit should be well heatsunk.
2 Urit loses regulatiorn at 25.0 V irnput.

Signature—_ {‘%m
/e

Date 11/02/89

Disk:wptest File:wpl122508
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Tt RECEIVED oCT - 3 1969

‘HY POMER SUPPLY GEN II

v 1119 mep
T

0-10v [§ anode

g mep voltage control

Grounded Anode Gen 11 cutputs .
Adiustable cathode, mcp~-in, mep-out, and ABC level

Ext MCP voltage control ‘s

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

000

cathode voltage min adjustable range 100 to 240 vdc

) cathode series resistance 1 Gohm
mep~-in voltage voltaqe controllable to 2kv max vdc
may load current 20 uh

mep-out voltage adjustable 3000 to &500  wvdc
brightness current limit .05 to 5 uA

anode output ground return potential o} vdc

operational ~ 55 to + 70 C

temperature
mechanical - 4-40 inserts bottom surface corners

(
. Grounded Anode
Gen 11 intensifiers
2.500
-500 |y 33 oooo g PRELH 2
MDdE] = 200057 +Sv cath

150079
11 ‘ b 200057
Aty

G BS B Grounded aAnode Gen
v s 3 o
“ A |7 oees U o7-a7-ss P wsa B |™ 1 1
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PS 200057 Test Data Sheet

T Gind 200057
Cv CATHES

+ . CRTH MCR-IN
MCE-IN  mCP-OuT|

0-10v MCP-OUT
l REC aCN

;m;@"¢"; CATH)
Lol | MER-IN
©o o mer-0ut p—-o LU mep- DIJT :
Téﬁf na£§'£€'6£i1§éI§ ....... é}ﬁ iullaunciil ..... 6;2;.;“:5L21“";7“"6;”; ..... ;;Z;::
Parameter Data Units
1. cathode voltage € no load ___;lngL_ - vBC
Cathode voltage @ 1M ISR/ R - VDC
2. Mcp~in voltage @ 300M @ Cv=10v _-dLZSUQ__ - vDC
8v . L¥29 __ - vDC
&v ol - VvDC
av TTTTono - vDpC
2v -2 - vDC
3. Mcp-out voltage @ no load LN - - VvDC
Q@ 1 uA load _. 5990 - vDC
4. Rabc set value ___LLS%___ megohm
ABC adj pot set for I-limit of 2N uA
5. Input current @ +5vdc @ ss Y < A mADC
6. Burn-in _—— Y hrs
7. Mechanical and viswal  ____AZ check

200123
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Operation and Instructions
PS 200057 grounded arade standard GEN II

1.0 General

The model 2000S7 power supply is a small DC to DC converter which
converts +S vdc 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 veltage return terminal (and)

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

MCP-IN output adj pot

MCP-0UT output adj poat

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 autput typically -175 vdc with respect to
the MCP-IN output lead

2. MCP-IN output typically =~1500 vde with respect to
the MCP-OUT output lead

3. MCP-OUT output typically —-&000 vde with respect to
the screen output lead

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

L}

4.0 Vaoltage Control

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

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

( the oscillator drop out level ), to -2000 vde, by varying the
voltage applied to the voltage control terminal from 0 to +10 vdc.
The +10 vdc results in -2000 vdc MCP voaltage. An open at the
voltage control terminal results in a 0 vde MCP valtage.

0123

PS 200057 Operation & lnstructions 200122

[ | & 3
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5.0

The -2000 vdec MCP voltage when the contreol voltage is at +10 vdc,
can be lowered to near -400 vde by adjusting 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 ta -250 vdc. CCW reduces the output to -100 vde.

A cathade 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.
wWhen the cathode current, under these high current conditions,
falls to approximately -3 vdec with respect to the MCP voltage,

& 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
is approximately -3000 vde. This high voltage i3 usually a source
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 pravided for the intensifier screen,

and is -~6000 vde typically. This output is connected to the MCP-OUT
intensifier lead. CW adjustment of the trim pot increases this
voltage to -4500 vdc. CCW decreases the voltage to -3000 vdce.

This high veltage 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 resistor, and is proportional to the tube screen current.,

The voltage developed, iz compared to an ABC limit setting, and
will shut down the MCP voltage to the tube, if the threshold level
is reached.

ABC

The R-select resistor ( externally available as Rsel ), is used to
sense the tube screen current as described in paragraph 6.0,

The power supply comparator for ABC, has a threshaold level of 1 vdc
and will shut down the MUP voltage when the Rsel voltage reaches
this 1 vdc threshold. The choice of resistance for Rsel, then can
determine at what tube current, shutdown is desired. Typically,
Rsel is chosen as 1 Megohm, 30 that it allows ample current for
normal tube use, but limits screen current to a maximum of 1 uA.

90118

FORM £ 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 vdec. CCW decreases the threshold voltage to 0 vde. 1In this
manner, the ABC pot can be used to fine tune the limit current
%1rcui§ry 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 50%.

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 1Skv.

Processing, Burn-in

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

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

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

10.0 Test Circuitry

Electorstatic voltmeters or equivalent high 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 screen

current for MCP shutdown verification. This voltage should not
exceed S5 vdc, the input supply voltage.

20119
NAME

FORM £ 15001
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APPENDIX G

DEUTS8CH RELAY TECHNICAL DATA

IUTN VT ATACY T BNA -An are

SERIES DJ

oL o Tlas
/=1t 7yT Syir iy
PRI TS The aait-iics
iy <71 7818
arystat-sase r2iay
Wit the oSt impressiva list
¢ . .
af features in the industry.
Ty VRGO TN FELTRES

Coll The fong thin Dami-J coil approsches.the ideal shape; it de-
livers more ampere-turng per watt. Thm wall bobbins increase
efliciency and improve thermal d ity = two as

) of long, reliable refay life.

Contacts The unique trapped pressure contact system absorbs the
kinetic energy of the armature and damps the reactive lorces
wl‘ncb Mlpl to reducs bounee and prevent crossover.

Size snndald mn f-size cryshl case.

Seal _ ____Wermetic: less than | X 10° ce/sec.

Weight 0.35 sunce maximum.

TERFORMANCE DETAILS:

Switching timas 4 mith d i M i coil voitage at Tk} degrees
C: the addition of an arc-inhibiting modo across the coil will

- increase release time to 15 milli aximum, .

Life 100.000 operations with & 2-ampere contact load.

R Designed to maeet MIL-R-5757 (test resuits ars aveilable).
ICAL CHARAC | gglg TiCS.

Contect rating 2 empares ¢ and | amp ductive (100 milijouies
di ( .M"I time constant, 6 mitti-
ueends) Contacts can withstand 4 amperes overioad for 100
fes without exceeding specified contact resistance. Avail:
- for low level switching. N
Contact resistance g.os ohm maximum initistly, 0.10 ohm maximum siter rated
o,
Dielectric strength 1000 voits rms, 500 voits between open contacts and between
) _ cail and case, 350 voits between terminals at 80,000 feet.
insuistion resistance 1000 megohms minimum (100 voits de, 25 degrees C. S0
parcent relative humidity | maximum).
Power requirement 220 milliwatty’ mmmum “at putlin at 25 degrees C.
FrivIRONIENTAL SPEC! FICAT!ONS
ﬁhﬂnm =65 10 125 degrees C.

k] .[o trom 3 to 3000 cps.
150 g's at 11 milliseconds.

A«ol«mon

General

Retay wii operate while being subjecied to a force of 100 g's

. llonl any ans,

Hermatic seal assures conformance with. other environments
such a3 fungus. sand and dust. humiduty, sititude, etc.

>
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NOTE: DJS relays (arc-inhibited coils) require slightly higher housings: 0.550 inch maximum.

. HEADER TERMINAL STYLES

PEA: plug-in JOA: heehs
L2180 vax AT MAL,
—_
COIL DATA '
00eQ - 1-3-X)
0Qee 9SS
Coit Nomlml Resistance Max. Orop- N et a€a0 | seue stan
Pact Coil fohms =10% Maximum Pull-in Vomgce Out Yoltage
Na. Vo.tue at 25°C) At 25°C At 25°C COGA: 1'3-inen fesde
§ 6.3vdc 42 3.2 44 1.6
12 12.6 210 6.8 9.3 34 —
28 26.5 700 13.5 18.0 6.8 - 38ma v
32 32.0 1300 168 3.0 8.4 . 0 0

ORDERING INFORMATION

Modificstion Letter: add the letter S
internal arc-inhibting circudt.

Coll Part Number: Obtsin from Coil Deta Table.

Relay Mounting Style: Refer to illustrated mounting styles.

Header Terming Style: ") signifies hooks, "' signifies ping, and

“AJ" signities ] Y4 inch 10808. The number refers to the number of refsy

contacts (there sre § in & 2M hesder). A 13 a contact code ietter.

Low Lovel T Letter: “'S” meens that the relay is suitable for
low-level switghing opohaim and has recerved & low-level miss test
130 mc P and 100 ohms mazimum),

to specity a relay with an

series 05 CIRCUIT DIAGRAMS Series 0)

UNENERGIZED POSITION TERMINAL VIEW

e un?,@ ,9“?\_0.
o 3640
U\ Q o

R
ARC SUPPRESION CIRCUIY

D) S 26CIPSA S
RELAY semEs tevrem: |
MODIFICATION LETTER:
COtL PART N

RELAY MOUNTING STYLE:
HEADER TERMINAL STVYLE:
LOW-LEVEL TESTING LETTER:
DASH NUMSER (Deutsch.Filtors’ code for special relays)

EAST NORTHPORT, LONG ISLAND, NEW YORK 11731 /(516) 266-1600
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APPENDIX H

ANALOG TO DIGITAL CONVERTER TECHNICAL DATA (HAS-~1202)

ANALOG Ultra-Fast Hybrid
DEVICES Analog-to-Digital Converters

HAS-0802,/1002 /1202

FEATURES HAS.0802/1002/1202 FUNCTIONAL BLOCK DIAGRAM
Converslon Times 23 Low as 1.2

Resolution: 8, 10 and 12 Bits T
Eacoptional Accuracy, 0.012% of F.S. R ] - :_. prapras
Low Power i an | @_."—1"_, » (e M
Cantsined in Gisss or Matsl I2-Pin DIP -l 1o ima ] - _:_. ' E
Adiutimant:Free Operation vl [Tomstemme | | o [t 7153 | (2

-y it [ M M= e 1 |2
Wostorm Anaiyil VL Jlasg S e

- " .

Fout Fourles Transforme comenn ; ::‘:: H i
Aok = o

ol Seniy

Sty

LY ]

CINERAL DESCRIPTION el N

N 2 N -ts 9 Gt dhasha | S B 4 ¥ 08 Al
e o o WA s vy A o ST
wiertace among the fastest, ) by g L b ;

most comp
pproximation A/D's availablc. lioused in 32-pin DIP packages,
e converrers feature faser trimming for sccurscy and lines

ity surpassing the best modul patitive A/D’s. This Kxtreme care in circuit layout should be exercised when using
ufics offers a unique combination of flexibility snd simpli- these hyhrids in oeder 10 obisin rated performance, In partic:
vy which alluws them to be wiwed as stand-slone A/D cune wlar, input ind owtput runs should be 88 short ss possibie, 3
wriess sequiring no additional external potenti and ground plane should be used 1o tie sil ground pins together,
seeding only an analog input signal and encode command . and power supplies should be bypased as close 10 the hybrid
fot apetation, cireuis pawer supply pins as possible. Do aot allow input ot
T 1AS-1202 A/D lestures an sccuracy of 0.012% nd when other anslog signal lines to be in close proximity to or cross
wombined with an 1{TC-0300 track-and-huld, forms an A/D over any digital output line.

waversion system capable of up (o 3 30kHz sampling rates.

he HAS series A/D's are ideally suited for spplications re-

qiting excellent perf h istics, small size, low

power prion and »dj free operation, Some of

dese applications include radar, PCM, dats-scquisition, snd

{gial-signal-processing ystems where FFT's and ather digital
i hniques are 10 be perf d un analog input

[119

ANALOG-TO-DIGITAL CONVERTERS VO 1, 10-201
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SPEC'FICAT|0NS {typical @ +25°C with nominal voltages uniess otharwise noted)

Moosy UNITS HASO%03 HASINe3 WAS1le)
lnoumou | [] 18
LS5 Welghs R Pl Scale 0.4 ol
=»V 49 19
ALLATIVE ACCURACY (IMLULING LINEARITY) S Full Scdle 009 [ 13
Quansiserion Byrer LSH (1173 *
UNEBARITY V5 TLMPKRATURE ppm/C ] ’ .
{Mn Misung Codes ovee Temperaruer Reage)
INPUT QPPSETY VOLTALK
ndtiel (Trimmabdle s Leve) -y 1] . .
Rare Offset v Temperarore X i . .
Mpaler Offees vs. Tempersrere wi'e 100 * *
GAIN BRAOR
nislal (Yrimmnabie 1o Zesod P Sk 00 N N
Gt Trmprrsrure ppm/C 10 * M
vt
Ronges (Poll Seale)
“hulein” Standsed Unipola v i0.1% 004 . M
Bipelsr V100t sta2 M *
Resiosar Programmsbie (See Piguee 1)} V.0 of, 07,5, 015,020, 22.5,10.75, 809, 018
. 0 min 1000 . .
_w v Twe Times Foll Scale + ar -
CONVERSION TIME (COMPLETE CYCLE TiME) #imes typ) 1300.3) LY 1an
CONVEASION RATE Sl man »? 358 [£3)
————
ENCDDE COMMAND = TTL LOGIC INPUT
Logie Lavels (Positive Logic) - “0" 0010 40.4,"1% e 1210 ¢
Fenction' Logic *1" Resers Canverier
Langie “0" Siaete Convernion
Losding § Standerd TTL Losds

Q" » - ). 4mA, man

*1" « 4QuA, man
Poles Wi A min 190 . .
0 te Manimum Convetsion Rete

LOCIC OVY
Dats Rendy (DR)
Puncrion

Signals srll\ht s tamplere whon low,
law, dota it velid. A 00w o0
vmh--uvkldﬂml 0 this Sone. 5R may
e uied 00 neobe dots inte exverndd regloare il
sdeqoars reginer semp ime is sllgwed.
Yiming See )
Loading 3 Standucd TTL Lasds, mex
Parsilel Duta
Pormat 19-, ov 13-bits paraliel data. Volid from siase
1 suaput gocs \ow wniil 2ome nlm tecvips of neat
encede command.
Lagie Lovele TTL Compriiies
' 9" e 8 te 04V
1T o4V s0 o3V
Wil deive wp 10 3 Standard TTL Losds o0 3 TTL
Lostios *5" o "H" Loods,
Codimg' Ol Ibuy (NN for V-p:- Inputss
LI
Oflves lbwy QBN for Bigel lagutse
'V
343V -npo. ..o
POWER REQUIREMINTS ML
145V 10 +15.3V L0 18Y Abseluie Mun) mA ”w . .
4.5V 10 <303V {18V Abssinie Maa) LY " * 0y, . .
4.7V 10 43,25V (¢7V Absaives Mas) mA 200 LRt W
TEMPERATURE RANGE “ ouaele R R
Qperndng (Case) e
Suer °c -331s 0338 ¢ N
PACRAGE OFTION' MY S2A (cevamic pachage)  HY)IC (merel pachoge)

noyss

2 At comveres ' mrast, ol other bagly tgaln, lastuding
'-\—:\“uw e ol ol HTC H000 wertrholt,
ﬂﬂn‘qu&n‘nh-ﬁnﬂ-
'lr-ﬂ- -

800 Boaniws |F 6or pordags owiins Iniwsmnshun

*Sperifivsdang nebel HAS 0002,
wz:-o"-h-u-u-.

VOL.L 10-202 ANALOG-TO-OIGITAL CONVERTERS
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Table . Output Coding*

SCALE INPUT OF NTC0I00 INPUT OF 11AS-1302 DIGITAL OUTPUT
UNIPOLAR OPERATION
FS-1LSB ~10,2)75V +10,2)75V R R R RN RE]
34 FS - 7.6800V - + 7.6800V 110000000000
172 FS - 5.1200V + $.1200V 100000000000
14 F§ - 2.5600V + 2.5600V 010000000000
+)LSB - 00025V + 0.0025V 000000000001
0 0,0000V 0.0000V 000000000000
BIPOLAR OPERATION
+FS-1LSB - 54178V + 51175V |RERRRRRERER]
o 0.0000V 0.0000V 100000000000
-FSeILS8 * 51178V - 5.1178V 000000000001
-Ks + 5.1200V - 5.1200V 000000000000

*Coding sad laput tevels shown sre for HAS-1202. Por 8- end 100k
A/D's the lnput levels arc lesa by the volues of the LSB weight for
ek sype, snd the digital autpus will thow oaly § of 10 bita, respectively,

PIN DESIGNATIONS
HAS-1202*

PIN

FUNCTION

1,30

2,27,31_[ 48V

DIGITAL GROUND

-
+
=
<

T {MS8)
T

i
STPUT
P

T

1 BIT 6 OUTPUT

BIT 7 OUTPUT

OUTPUT

o]

TPUT

Q

UTPUT

Q

UTPUT

D,
-
| bord
sleala

!
[ 11
2

[«

UTPUT {LSB) |

NALOG GROUND
G GROUND

A O

]
10 A
D, 23, 24 [ANA
D

UT

D/A IN

COMP INPUT —

ANALOG INPUT

=18y

26
26

120

29 | BIPOLAR OFFSET

32 ENCODE COMMAND _|

*HAS-1002, PINS 15 AND 16 ARE NOT

CONNECTED INTERNALLY.
HAS-0802, PINS 13, 14. 16 AND 18
ARE NOT CONNECTED INTERNALLY.
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ezt [ e
H
.
DATA ﬁn-—: s 3. gt (MAX)
ATADY 1
H )
:.' (== 150 |
Ny M :
(¢,

or Ezll I
1] S, T 88g0s (MA XL
(L

VIMING SHOWN FOR MAS- 1302, TIMING 18 SIMILAR FOR HAS 1002 ARD
MAS 080T EXCEPT LSR 18 81T 10 ANO §, RESPECTIVELY, AND TOTAL
TYPICAL CONVERSION TIME IS 1.4y AND 1.2, REPEETIVELY.

Figurs 1. Timing Disgeem [ Typical)

P

STANDARD
+10.24v
INPUT
£3 ADJUST
ot
- --- n
w
OPTIONAL 0 70 #10.000 12%
RANGE WITH 1
GAIN ADJUSTMENTS "
0 asowz
2 HAB1002
GNOD FOR HAS 1202
UNIPOLAR "
RANGES
OGNO29FOR [~ e 19
UNIPOLAR RANGES OR 1
UNGNO 29 ANO TiE TO '
21 FORBIPOLAR INPUTS |
'
v 4 n
160603 1 l
100 i | 1
OPTIONAL OFFSET AD) )
-thv

NOTES:

1. THIS CIRCUIT SHOWN FOR UNIPQLAR (0 YO +10.24v)
INPUT, OV INPUT = 000000000000; +10.24 INPUT »
IRRRARAARARAN

2, FOR BIPOLAR (15.12V) INPUT, UNGROUND PIN 23 AND
CONNECT PIN 29 TO PIN 21,

2. FOM EXTRA-PRECISE GAIM (FULL-SCALE} ADJUSTMENT,
CONNECY A 60N VARIASLE RESISTANCE IN BERIES WITH
PIN 20 OF HAS-1202. THIS Wit L RESULT IN 0 TO +10,000v
INPUT WITK ADJUSTMENT AANQGE OF »7% OF FULL SCALE.

& FOR EXTRAPRECISE 2RO OPFEET ADJUSTMENT, CONNICY
1608 RESISTOR FAOM FiN 23 TO THE TAP QF A fou POTEN.
TIOMETER. END TEAMINATIONS OF POTENTIOMETER CONNECT
1D +18V ARD -18V, THIS ZERO OFFEET ADJUSTMENT WiLL

HAVE A RANGE OF APPROXIMATELY £100mV,

Figure 2. Input Connections For Standard Input Ranges

VOL |, 10-204 ANALOG-TO-DIGITAL CONVERTERS
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Ansouumi

MAXWN
INPUT RANGK RI  R1  Zpy SIGNALS
Oto+SV,22.5V  SHORT 800 500  £IoV 7
Do #7.3V,2).75V SHORT 1300 750 813V |
Oto+15V,27.5V 300 OPEN 1300 3OV .
Oto +2QV, £10V 1000 OPEN 2000  tiV

Ingut Connections For Optional input Rsge

OPTIONAL F§
ANALOG FINE ADJ
SIGNAL O 0\ L
R ‘m-j HAS 0802
HAS- 1002
HAS 1262
WA t
a2

Figure 2. Full Scale Trim
APPLICATION CIRCUIT

) ) :
- m'l':: T L
-3 T} @ 6 G RS A

" R - Er

B O s ECl =

S

. "L} e

o V. ¢l bt

o€ (0 el -

[ s c:: . . :_‘q

Figure 4. OC to 360kHz, 12:811, A/D Conversion Srnoe

ORDERING INFORMATION -
Order model number [{AS-0802, HHAS-1002, or HAS-1303 fut,
8-, 10-, or 12-bit operation, respectively. Mating conncctor bt
the HAS series A/D's is model number HSA-2, Mets! cund v
sions of this A7D with ded operating temp gt
sre also available. Conault the factory or nearest Anslog
Devices' sales office for further information,




APPENDIX I

FIFO TECHNICAL DATA (IDT 7201/SA)

———

CMOS PARALLEL IDT 7200S/L
FIRST-IN/FIRST-OUT FIFO ~ IDT7201SA/LA
-gmdmmnbgn. 256 x 9-BIT & 512 x 9-BIT
FEATURES: DESCRIPTION:
First-in/First-Out dual-port memory The IDT7200/7201A are cusi-port memories that weilize 8 spe-
258 X 9 organization (1I0T7200) clal First-invFirst-Out algorithm that loads and empties data on 8
512 x 9 organization (IDT7201A) e, T s e F L e e e o
Low power consumgtion

Uhtra high speed! =35ns cycle time (28.5MHz)

Asyrcivonous and simultaneous read and write

Fully expandabie Dy both word depth ancl/or bit wicth
{DT7200 and IDT7201A are pin and functionatly compatible with
Mostek MK4501, but with HaN-Fuil Flag capabliity In single
davice mode

Master/Slave muitiprocessing spplications
Bidirectional and rate v~ ffor applications
Empty angd Full waming flags

AULO retransmit capabliity
High-performance CEMOS ™ technoiogy

Available in plastic DIP, CERDIP, 300 mil THINDIP, L.CC, PLCC
and Flatpack

Military product compllant to MIL-STD-883, Class B

Standasd Military Drawing# 5962-87531 IO pending .ating on
this function. Refer 10 Section 2/page 2-

<

unlimited sxpansion capability in both ward stze and depth.

g requl

foad data. Data is 10ggied in and out of the devices through the Use.

of the Write (W)mmm)mmmrunam

cycle time of 35ns (28.5M|
mwmw&mammmumynmumm

parity bits at the user's option. This feature s sspecially useful in

parity bit for transrission/reception emror checking.
a Retransmit (AT) capabiiity thet aliows for reset of the read poinier
1o hs initial position when RT is puised low to aliow for retransmis-
slon from the beginning of data. A Half-Fuit Flag Is avaliabie inthe
singls device mode and widhh expansion modes.

The IDT7200/1A are tabricated using IDT's high-speed CEMOS
Wmmmumwmmm
asynchronous and simuitanecus read/writes In muitiprocessing
and rate butfer applications.

Milkary grade product s manufactured In compliance with the
latest revision of MIL-STD-883, Class B.

‘N CONFIGURATIONS

17 13 10

» EENEEEENEN I

LOS/IPLOC
TOP VIEW

CONSULT FACTORY FOR CERPACK MINOUT

CEMOS is a Yademark of inagrated Device Technology., inc.

FUNCTIONAL BLOCK DIAGRAM
DATA INPUTS
Dy -Dyg)
w cow'?'l’r:\EOL pJuasanna,
oo 1
Oy ' WRITE A'Amy READ
NG POINTER 25 x9 [v|POINTER
FCaT §12x9
RS
EF 286812 (IIIIITIL s
[ ?I":'F!!' 2
y e VL RESET
Q DATA LOGIC
a—t] READ (G5-Gy) I
CONTROL
LOGIC $
b o XOTRF

MILITARY AND COMMERCIAL TEMPERATURE RANGES

T JANUARY 1989

© 1000 veagrases Dovies Tearvaingy. .

DS0-30001
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1DTT200/7201A CMOS PARALLEL
PIRST-INFIRST-OUT FIPO 258 x 0-81T & §12x 0-8IT MIUTARY AND COMMERCIAL TEMPERATURE RANGES
——

ABSOLUTE MAXIMUM RATINGS ™ RECOMMENDED DC OPERATING CONDITIONS
SYMBOL|  RATING COMMERCIAL | MILITARY | UNIT SYMBOL]  PARAMETER wn. ] Tvr. ] wAx] unr
v :mm ni 08 +70 (08D +70] V Mty
THr z d
oot % - 48 | 50 | 85 v
LY o 18 0+ |- +128] oc %o | oo voce a5 [ 80| 88 [ v
’ Toas  [(ompersre S50 +125 (080 +138] °C GND | Supely Volage e j o 10
%o | v mea| 20| - | -]V
Tre  |TOTR S +128 |80 +18] ¢
*‘ WHO\ 22 - - V)
- our OC Output Current ] %0 mA Volage Miltary
1. Swestes (rester un hose fsted under ABSOLUTE MAXIMUM \ wmw
* RATINGS maey cause permanent 10 the devioe. This is astess W Commeroiel - - 08 v
mmmwd devios st hese Or anty other and Miltary
speciicstion s not“i‘.w Ewo:‘l:-b abeokse mm NOTE:
condiions for exisnded periads may affect rellability. 1. 1.5V undershoots are allowsd 1or 10ns onoe per oyole.

DC ELECTRICAL CHARACTERISTICS
(Commercial: \oc = 5.0V £10%, Ty = 0°C 1o +70°C; Milltary: e = 5V & 10%, Ty = -55°C 10 +125°C)

(DTT2008/L (1DT72008/1
. J% . lbmoo.“gfltu wrn&z&u 10TT201SA/LA
SYMPOL PARAMETER COMMERCIAL MILITARY o 80, u."' c"%% UNIT
G = 25,3808 ta = 30, 40ns %0, 120ns %0, 120ns
MIN._TYP. MAX] MIN. TYP. MAX.| MIN. TYP. MAX. | MIN. TYP, MAX
L mw 2 -1 - 1 -0 - 10 -1 - 1 -0 - 10 A
R ho® Output Laskage Current ~10 - 10 | «10 - 10 ~10 -~ 10 -0 =~ 10 pA
Vo AR Lo 1" VoRage 24 - -l24a - < la2s ~ -2 -« - v
Vo &”‘;‘h“"g“ 07 Votiage - - o4|=- - 04| - ~ o4} - -~ o v
ko™ | ActePowsrSupphyCumet | = - 1269 - - g - 8 _ & | - 70 100 | m
) WRWIRRLy |- - |- - wl- 8 s 0™
| WRSTET, (- - w| - W[ - w[- e
o T rpghegr W - - &8|l- - ®]- - 8]- - 8| m
NOTES:

1. Massurements with 0.4 Vi, S\ -

2 R2VWn. 04SVors\ec

8. loc i ~*ruremants ara mecie with outpuls Open.
4. Teetsd adf = 20 MHz.
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DTTI00/T201A CHOS PARALLEL
PIRST-WUARST-OUT FIPO 266 x 0-(T & 512 X $-8iT MILITARY AND COMMERCIAL TEMPERATURE RANGES
AC ELECTRICAL CHARACTERISTICS
{Commercial: ke = SV 210%. T, =0°C o +70°C; MVF:-SV 210%. T, = -55°C 10 +125°C)
r _&JE_J_?;“.:_"..J__'&_A MILITARY AND couum:gt___[
‘ o SRLTTARY AND COMMEN
k-\ oL PARAMETER Taorat | Tiotea0 | Faotias | Faotes | yaoress | raotees | T201x0 | 7201120 |uniy
WMIN. MAX | MIN, MAX]MIN. MAX]WIN, MAX]MIN. MAXMIN. MIN. MAX]MIN, MAX]
SR Frequenoy ~ 28| - |~ 22/~ 20|~ w]- 2|~ |- T Mz
Read Cyols Time % -J&@ -[4 -[{s5% -[{6 -feo -lw0 -J10 -] m
a Acoses Time - 5 - 0] - ¥)- 0|~ 0]~ B]|~ 0]~ 10| ™
ton Read Recovery Time 10 0 -[10 -[1w -[® ~J18 22 -]J]20 «~[m™
tow | Reed Puse Widh & B M E-|% -140 -[80 -~ -[80 ~[120 -|m
wy |DedPdelowoDmba 15 ]85 |8 -]s -|w -fw -lw -{w -|m™
twz 0 -]10 -]® {16 ~J20 -|20 -[{m™
fov 8 -]85 ]88 ~-]6 ~]6 |86 -Inm
e 0|- 28|~ 0|- 20|- 0|~ B|nn
ney ~1%0 -)e -] ~J]100 -0 -] m
[ ~leo -fs0 -}es -~ -f120 =] e
tn ~110 -] -[w -J20 -J20 -{mnm
toe -]l -l% -1%» - ~-jJ®o -] m™
tom -]J0 ~|8 =110 ~{10 ~{10 -]
$ -] -] -] -}100 ~]40 - re
tas -jo ~[%0 -Je -J80 ~-[120 -] m
tngs ~-J®0 -~-j0 -] -] -]120 | m
toan -0 <[ -j {20 -J2 -1m
: -j{8 ~] -Joo ~Jwo -] -] m
| tay -J ~-{50 -[e6 -] -Jww ~]mn
tars ~-J4 -] ~Jes -] -J120 -] m
[ - (10 -[15 ~J18 12 -J20 - m
™ )~ 0]~ 88]- 80]~ 100] - 0]
b | e Pod Fag rhon 45} - 0| - o) - |- 10|~ 140 e
ner Read Low 10 Emply Flag Low )] ~-"HN)~- 48]~ 0|~ 0|~ 60|m
e | Road High b Full Flag High %[~ 8] - 4] - 80 - - | re
tws | Peed Pulse Wicth Afer 6 High ~-Jo -] -Je& -2 -[10 - m
twee | Write High ©© Empty Fiag High 0]~ 3] - 48]- 0]~ 0]~ ©]m
Lo Writs Low ©© Full Flag (ow N}~ B|~ AS]- O|- W[~ O|m
| b Withs Low 10 Hall-Full g Low 4] - 0]~ ] - 0f- 100]~ ]| m
| twe | Pinad High ® Helt-Ful Plag High S|~ 0~ 8] - 00]- 100}~ ][ m™
3 Writs Puise Wioth afer FF High -4 -]60 -} -~]80 -]120 ~-|m™
ten, | Amac/Wrie © RO Low %]~ 0[]~ 0|[- B8] - 0] - 120l ™
tuow__| Read/Write 1o XO High %) - 0]~ 0]- 6|]- 0]~ 120/m
[ tg | 3G Puise Wi ~le -J60 -[6 {0 -l120 -|m
o 33 Recovery Time ~110 =110 ~}10 ~}w0 -] -|m
tas | X Setup Time [ -1 {16 ~|16 -] -|m™

1. Timings referenced s In AC Test Conciions.
2. Pulss widhhe less hen minimum valus ere not allowed.
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1DYT200/7201A CMOS PARALLEL
FIRST-AIN/FIRST-OUT FIFO 266 x 0-8T & 512 x 0-8IT

MILITARY AND COMMERCIAL TEMPERATURE lANG_l_I.

AC TEST CONDITIONS
GND © 3.0v

input Rise/Fall Times Sne
1.

15
See Figure 1

CAPACITANCE (Ta= ¢25°C. { = 1.0MHz2)
SYMBOL] PARAMETER™ CONDITIONS
Co | inpast Capacitance Vo= V s

| Cour | Output Copactarce | Vour= OV 8
NOTE:
1. This parameter is sampied and not 100% tesed.

UNIT

%%

SIGNAL DESCRIPTIONS
INPUTS:

DATA IN (Ds-Dy)
Data inputs for 9-bit wide clata.

CONTROLS

 nEsay (W) |
Reset is accomplished whanever the Resst (IS ) input is taken

K8) and should not changs unth tasa after
RS, Hait-Pull Flag (HF) will Do reset to high
WRITE ENABLE (W)

Awrite cycie is inhisted on the falling edge of this input ¥ the Full
Flag (FF ) is not set. Data set-up and hold times must be adhered 1o
with respect 1o the rising edge of the Write enabie (W). Data is
stored in the RAM arsy sequentially and independently of any on-
going read operation,

Afher hatf of the memory is filled anc 31 the falling acge of the next
write operation, the Hai-Full Flag (HF) witl be set 10 low and wilt
remain st until the differance between the write pointer and read
pointar ig lets than or ecual to one half of the total mamory of the
device. The Hait-Full Fiag (AIF) is then reset by the rising edge of
the reed operation.

To prevent data overflow, the Full Fiag (FF') wilt go low, inhibit-
ing further writs operations. Upon the completion of 8 valid read

writs 10 bagin. When the FIFQ s full, the intema) write pointer is

<

biocied from W, 80 extemal changes in W will not affect the FIFO
when R is ull.
READ ENABLE (R)

‘A read cyols is initisted on the falling edge of 1he Read enable
() provided the Empty s not sat. The data is scoesesed
m’.m-cwumu:r ) of any onQoing write op-

complished, the Empty Flag (EF ) will go high afier twer and a valid
the FIFO is empty, the intemal read

Mgure 1. Ouiput Load
*includes Jig end suOPe CAPACRINCSS.

poirter is biocked from I 30 exteme! changes in R will not aftect
the FIFQ when & is empty.

FIRST LOAD/RETRANSMIT (FL/RT)

This is 3 dual-purposs Input. in the Depth Expension Mode, this
pin ts grounded 10 indicate that it is the first loaded (see Operating
Modes). in the Single Device Mode, this pin acts as the retransmit
mn&wmmumwmuw
sion In (X1},

The IDTT200/7201A can be mads 10 retransmit data when the
Retranamit ensble control (IT) input is puised low. A retransmit
operation will sat the intamal read pointer to the first location and
will nct affect the write pointer, Read snable (R} and Write enabie
(W) must be In the high state curing retransmit. This featurs is use-
ful when less than 256/512 writes are performed between ressts.
The retranamit feature is Not compatibie with the Depth Expansion
Mods and will atfect the Halt-Full Flag (FF), depending on the rela-
tive locations of the read and wrtte pointers.
mmuoumal);

This input s a dusi-purpose pin. Expansion in (1) ls grounded
&mmmmnmmmmm

) Is connacied 10 Expansion Out (X0) of the previous device in
the Depth Expansion or Daisy Chain Mods.

QUTPUTS |
PULL FLAG (FF) .
The Full Flag (FF) will go fow, inhiblting further write operstion,
when the writs pointer is one location less than the read polnter,
that the devics is Rill. if the read pointer is not moved af-

indicating
tor Resst (FS), the Fuil-Flag (FF ) will go low atter 258 writes for the
10T7200 and! 512 writas for the IDTT201A.

SMPTY FLAG (TF) - .

The Empty Flag (EF) witl gy low Arther fess opers-
tions, when the read pointer is 10 the write poinier, indicating
that the device is ampty.

EXPANSION OUT/HALR-FULL PLAG (RO/RT)

This Is a dull-pUrPOES oULL. In the single devics Mode, when
Expangion in (1) is grounded, this output acts 88 an indication of a
hali-Aull mamory.

Aher half of the mamory is filled and at the falling edge of the next
write Oparation, the HaX-Full Flag (RF) will be sst 10 low and will
remain set until the difference between the writs PoOirter and reed
pointer is less than or equal 10 ONe Al of the 1otal memory of the
devics. The Hai-Full Flag (RF) is then raset by the rising eage of

Inthe Mods, \ Is conneciec
Dg\‘ Expansion in (X1)
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T7300/7201A OMOS PARALLE

- MR:YM PO 254 x un A sz xe-8Y MILITARY AND OOMMERCIAL TEMPERATURE HANGES
signal 10 the next device in $s Dalsy Chaln by providing 8 puiss 10 Dats outputs for 9-bit wicte data. This dats is In a high imped-
e next devics whan the previous devics reaches the ilast location ance condition whanever Read (R) is In & high state.

of memory.

DATA OUTPUTS (Qe-Qs)

taec
LS o | .
] N
w mm - | *
R
ton,
£ L
e Y
e OO0 A

NOTES:
1. EF, FF and AT may change status during Resst, but flags will be vaiid ot tq-.
* Tiand R = Vy around the rising sage of RS.

Figure 2. Reset
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1DT7200/T201A CMOS PARALLEL
FIRSTAN/FIRST-OUT FIFO 266 x 0-8IT & $12 2 9-BIT MILITARY AND COMMERCIAL TEMPERATURE RANQES

R )

P"nr" tw—-l tna ——l
%-a QX orraan vaio XXX DaTaan v X X)

turw twn

" Y /S
N .

D, -0, JL DATAy VALID DATA,, VALID

Fgure 3. Asynchronous Write and Read Operation

OR 1)
LAST WRITE ’GV’HITE ED FIRST READ ADREAggAL FIRST WRITE
R \—_/
w T f'L\ / \/
twrr torr
" ;
[}
ﬂ.mt.ruﬂn?mudwmb_ﬂmlod
LAST READ IGNORED FIRST WRITE ADDITIONAL{ FIRST READ
READ WRITES
w n/
® /)
>l tagy '0 - ; twer
EF
4
J 'A
DATAay CORVALID KN EAXVALID X))

Figure §. Empty Mag From Last Read 1o First Write
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WDTT200/T201A CMOS PARALLEL
PIRST-I/FIRST-OUT FIRO 286 x 0-BIT & 512 X -BIY WMILITARY AND COMMERCIAL TEMPERATURE RANGES

tar —)
T X ;}{
tn ot tem

wn XXXV !
e XXX XXX XXX XN e vao

note:
1. EF. PR and FIF mey chenge stus during Retranemit, but flags wil De vellc ot § e,

Rgure &. Retranamit
w ﬁ
twex
EF
' e

R

Pigure 7. Empty Flag Timing
R ]
FF
w

Figure &, Pull Flag Timing

%-7
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W VNIV 10t WlD® ¢ AMML .
PIRSTAN/FIAST-OUT FFO 285 2 0-3IT 2 6122 &-BIY MILITARY AND COMMERCIAL TEMPERATURE RANGES

HALF-FULL OR LESS MORE THAN HALF~FULL OR LESS

[ tne —t

Fgure 8. Hall-Fulll Flag Timing

WRITE TO
w LOCATION

Mgure 10. Expension Out

Figure 11, Expancien in
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10TT200/T201A CMOS PARALLEL

PRST-HUPIRST-OUT FIPO 268 x -BIT & 612 X -8I7 MILITARY AND COMMERCIAL TEMPENATURE RANGES

OPERATING MODES ol Is grounded (see Figure 12). in this mode the Hall-Full
. which Is an active low s shared with

SINGLE DEVICS MODE o &) oups, Exparsion

\ single IDT7200/7201A may be used when the application
. rementa are for 258/512 words or less. The IDT7200/7201A 18
In & Single Device Configuration when the Expangion in (X1} con-

HALF-FULFAG  (RF)

WRITE (W) 1 (R) READ
9 9
o Jo ) e [@ o )
T201A
RALAAG  (FF) |(EF) EMPTY FLAG
RESET _ (AS) (AT) RETRANSMIT
EXPANSION IN (XT) J_

Pigure 12. Blook Diagram of Singie 512x9 FIFO

WIDTH EXPANSION MODE (EF FFand FAF ) can be detected from arty one devics. Figure 13

Word increased connect come- demonsirates an 18-bit word width by using two IDT7201As.
mm%mn;immumw Any word width can be atiained by adding additional IDT7201As.

] e L . 1w
e [ )

7 TV
WRITE (W)_—J-_.._ (H) READ
RALRAG  (FF) (EF) EMPTY FLAG

0T
[ 07T
T201A AN
———————————— . - -
RESEY (") o] (RT) RETRANSMIT
92 Y,

-Lm | ﬁ-'l- i ‘.; } (Q) DATA G

1. Flag detection is accompiished by monitoring the FF, EF and the FF signals on sither (any) devios used In the wicth axpansion conSiguration. Do not
connect any oulput control signals tngether,

Pigure 13. Block Diagram of 512x18 FIFO Memory Used in Width Expaneien Mode
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DTT200/T201A ... o PARALLEL
m-cmnr-ow‘mo 250 x 9-BIT & 512 x 9-BIY

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DEPTH DXPANSION (DAISY CHAIN) MODE

The 1DT7200/7201A can essily be adepted 10 sppiications
whare he requirements are for graster then 256/312 words.
Figre 14 demorstrates Depth Exparsion using three

2. All other devices must have FL in the high state.
3. The Expansion Out (XO) pin of each device must be tied 1o the
Expansion in () pin of the next device. Ses Figure 14.

poshe FF or EF). See Figure 14.
S. The Retranemit (RT) function and Halt-Full Fiag (HF) are not
svailable in the Depth Expension Mode.
For additional information refer 10 Tech Nots 8: *Cascading
FIFQs or FIFO Modules®.
COMPOUND EXPANSION MODE

BIDIRECTIONAL MODE

Appiications which require data buffering between two systems
{each system capable Of Read and Write operations) can be
achieved by pairing IDT7200/7201As as shown in Figure 16. Care

DATA FLOW-THROUGH MODES
Two types of flow-4vough modes ars permitted: & read flow-

SuUbBSqUEnt writes after e first write acge wili Ge-assernt the Empty
Flag); however, 1he same word (writien on the first write edige) pre-
sented 10 the oupPut bus 88 1he read pointer, wouki not be incre-
mented when R is low. Ontoggling R, the cther words that are writ-
N 10 he FIFO will appesr on the output bus as in the read cycie

m;mmm@mm.nnfowm
writing of a single word immadiately after resding one

of data from & fLll FIFQ. The R fing caunes the FF 10 be de-asserned
tutthe W iine, being low, Causes 1o be

seriad 10 write new data In the FIFO and 10 increment the write

polneer.
For additional information refer 1o Tech Nots 8: *Operating
FIFOs on Full and Empty Boundary Conditions” and Tech Note 8:

must be taken 10 assure that the appropriate flag is monitored by *Designing with FIFOs.”
TABLE |—-RESET AND RETRANSMIT -
SINGLE DEVICE CONFIGURATION/WIDTH EXPANSION MODE
o~ INPUTS INTERNAL STATUS OUTPUTS
1] .14 i Read Pointer Write Pointer B i HE
Aesst 0 X ) Looaton Zero Looation Zero ) 1 1
Revanemt 1 o 0 Locaton Zero Unchanged X X X
Readrte 1 1 ) Increment 1V increment X X X
worE
1. Pointer wil increment ¥ flag is high,
TABLE I|-RESET AND FIRST LOAD TRUTH TABLE~
DEPTH EXPANSION/COMPOUND EXPANSION MODE
INPUTS INTERNAL STATUS ouTPUTS
moDE — ——e e
[} ;4 X Reag Pointer Write Poirter [1] [
fesst First - Device 0 0 (1) Loowtion Zero Locetion Zero 0 1
Reset Al Other Devicss [ 1 1) Looation Zero Looation Zero 0 1
Read/Write 1 X ) X X X X
NOTES:

1. Xi Is connacted 10 X0 of previous devics. See Figure 14,

A8 = Asestinput FLART = Frat Load/Retranemit, EF = Emply Flag Output, FF = Full Flag Output, Xi = Expansion input. RF = Hait-Full Flag Output

86-10
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1OT7200/720tA CMOS PARALLEL
PIRST- W FIRST-OUT FIPO 256 x 9-BIT & 812 X 8-8IT MILITARY AND COMMERCIAL TEMPERATURE RANGES
| o
S— R
[+] Lid '—"'—!F
J? I Yo 73‘7‘ 1 O; 9
= ]
Xl
= 1L
4
N— A B ~
14 Rad
3
1 o)
(2 el [
T 7o
" "ﬂ
— n
%L

Figure 14, Biock Disgram of 1538 x § FIFO Memory (Depth Expansion)

Co ~Os
Qy -0y
Rmms | mmm
EXPANSION
BLOCK
Oy -0y
; ~ Dy O . Dy -Oy Oy _eoe

NOTES:
1. For depth sxpension biock ses section on Depth Expansion and Fgure 14,
2. For Rag detsciion ese seciion on Wiith Expansion snd Figure 13.

Figure 15. Campound FIFO Expension
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1DT7200/7201A CMOS PARALLEL
PIRST-IN/FIRST-OUT FIPO 256 x 9-BIT & 612 x 9-8IT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

Wy ——————

Lol
T20A

o Py
3.8

| e m.

Q04

Ay —————————ed T201A

FF,

Figure 18. Bidirectional FIFO Mode

DATAL j(

N\

o trrg ——

A N
A\

DATAGyr

Figure 17. Read Data Flow-Through Mode

SYSTEM 8

84-12
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10T7200/7T201A CMOS PARALLEL
RRSTL"UFIRST-OUT FIFO 286 x 9-8I7 & 512 X 8-8IT {.i TARY AND COMMERCIAL TEMPERATURE RANGES

R \

twer
w» TN\ / .
FE L— tror

DATA,

DATAqy

Figure 18. Writs Data Flow-Through Mode

86-13
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1DT7200/7207A CMOS PARALLEL
FIRST-AN/FIRST-OUT FIFO 268 x 9-BIT & §12x 9-BIT MILITARY AND COMMERCIAL TEMPERATURE RAN(ZES

ORDERING INFORMATION
o7 00X A 990 A A
DoieType Tower Speed  Package ;sa'.-./—

Range
l Blank Commercial 0°C © +70°C)
8 ] (-85°C 10 +128°
WM uun.mmc).a-ns

[ o] 80IC
P Piastic Dip
2] CERDIP
TC Siiebraze THINDIP
.Ll Plastic Leaded Chip
TP M'ﬂm’
lXE Carpack
25 Comenerciel Only
20
l“ umowow
40 Mitary Only
50 Access Time (1,)

-IS Speed in Nancesconds
120
| sa Standard Power*
A Low Power*

| re00 256 x 9-81 FIFO
1 7201 612 x 9-B&t FIFO

® °A’ 1© be included for 7201 ordering part number only.

86-14
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APPENDIX J

OCTAL LATCH TECHNICAL DATA (CD 54HC373)

Technical Data

CD54/74HC373, CD54/74HCT373
CD54/74HC573, CD54/74HCTS73

High-Speed CMOS Logic

Fite Number 1679

Octal Transparent Latch, 3-State Output

1] +— Q0
or - 01
02 - }—202
03 — F—93
s — —o Type Features:
03 — 9% s Common latch enable conlrol
o8 —1 —as = Common 3-stato oulput onabla control
or — —Qr ®  Bullered inpuls
l s J-State oulpuls
it * Bus line dn'emg capacily
st 92¢5-38383 .

(Data to Output tor HC373)
FUNCTIONAL DIAGRAM

The RCA CD54/74HCJ373/573 and CD54/744HCT373/573
are high speed Oclal Transparent Latches manufactured
with silicon gate CMOS technology. They possess the low
power consumption of standard CMOS integrated circuits,
as weil as ithe ability to drive 15 LSTTL devices. The
CD54/74HCTI73/573 are lunctionally as well as pin
caompatible with the standard 54/74L.S373 and 573.

The oulpuls ars transparent to the inputs_when the latch
enable {LE) is high. When the latch enable (LE) goes low the
datalsiatched. The output enable (OE) controls the 3-stale
outpuls. Whan the output enable (OE) is high the outpuls
are In the high impedance state. The latch operalion is
Independent Lo the siate of the output enable. The 373 and
573 are identical in lunction and ditter only in their pinout
arrangements.

The CDSAHC/HCT373/573 arae supplied in 20 lead ceramic
duni-in-line packages (F sullix). The CO74HC/HCT373/573
are suppliod in a 20-lead plaslic dual-in-line plastic package
(E suffix) and in 20-lead surface mounl plastic packagos
(M sullix). Both types are also available in chip form
(H sulhix).

Typical propagation delay = 12 ns @ Vec = 5V, CL = I15pF, Ta=25°C

Famlly Features:

Fanout {Over Temperature Range):
Standard Outpults - 10 LSTTL Loads
Bus Driver Qutputs - 15 LSTTL Loads
Wide Operating Temperature Range:
CD74HC/HCT: -4010 +85°C
Balanced Propagation Delay and Transion Times
Signiticant Power Reduction Compared io
LSTTL Logic ICS
Alternate Source is Philips/Signetics
CD541{C/CDT4HC Types:
2 to 6 V Oporation
High Noise Immumity: Nu = 30%, N - 20% of Vee
@ Vee=SV
COS54HCT/CD74HCT Types:
4.5105.5V Operation
Direct LSTTL Input Logic Compaltibility
Vi * 0.8V Max., Va, =2 V Min,
CMOS Input Compatbility
h= 1 uA @ Vou. You

TRUTH TABLE

10f 8 identical Clrcults  “CF —
Le Outpul Tateh
o.o—De—Q}——DoT_:D)_' ; Enable Enable Dats Output
T 13
ij L H H H
[
b1 o ——COon L H L L
. L VoL | L
=Pl L L h H
Common Controls ¢ 7 . Ves H X X b4
’ I I Note: .
X = Don't Care
it oe 3t L = Low voliage level 2 = High Impedance Sta%

hs=
Fig. 1 - Logic diragram.

380

H = High vollage level
1 = Low voltage level one set-up time prior o the high (o

tow latch enablo transition
High voltage level one set-up litne prior to the high
to low latch anable transition
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Technical Data

CD54/74HC373, CD54/74HCT373
CD54/74HC573, CD54/74HCTS573

MAXIMUM RATINGS, Absoluta-Maximum Values:

O SUPPLY-VOLTAGE. (Vicl.
(VOHAgES relBIBNCEG 10 GrOUNGY . .. ittt it e e e e s 05107V
OC INPUT DIODE CURRENT 1 (FORVI K08 VORV, > Ve 05 V) ..ot it i eeiiiannns vo.. 120 mA

DC OUTPUT DIODE CURRENT  1ga (FOR Vo < 05V OR Vo > Vee 05 V) o urinietrneeeae e ranaanannns . 220 mA
OC ORAIN CURRENT, PER QUTPUT (lg) (FOR 0.5V < Vo K Vee "0 V) oottt ine cee s nee e ernrennaenns . 135 mA
OC Ve OR GROUND CURRENT, (lcc) e o viieetiti ittt ttene e ine e ienens e s e e e 170 mA
POWER DISSIPATION PER PACKAGE (Pg):
FOrTa= 4010 «B80°C (PACKAGE TYPE B) ...uii ittt e e e e e e 500 mW
For T.s +60 1o +85°C (PACKAGE TYPE E) Durate Lincarly at 8 mW/*C to 300 mwW

ForTa=-5510 100°C (PACKAGE TYPE F H) ... o i e e e 500 inW
ForTa=+10010 ¢+125°C (PACKAGE YYPE F, H) Darate Lingarly al 8 mw/°C to 300 mW
FOrTa® 4010 ¢70% C (PACKAGE TYPE M) .. iu.uiniiiintiiiiitet ettt artaseensaenasas s eateoaeranssaenessernananen 400 mW
For Ta= 47010 +125°C (PACKAGE TYPE M) Dyrate Linearly at 8 mW/*C to 70 mW

QPERATING-TEMPERATURE RANGE (T.).

PACKAGE TYPE F o H it e i i et a e s ha e ae e e e h e -5510 +125°C

PACKAGE TYPE B, M. ... .ttt itiiiiiiiit ettt iitee et inaratinnnenenins <4010 +85°C
ST ORAGE TEMPERATURE (Taig) it teittnneinae et otrentnne st setnaetntenassateorsesoenesonsrneentssnseressooncsns -6510 +150°C
LEAD TEMPERATURE (DURING SOLOERING):

AL Qistance 1/16 £ 1/32in. (159 £ 079 mm) 1rOM Cas8 10F 108 MBX. .. ...\ .. iuserernnenrerirrnaiererarueesnsesereresneens +265°C

Unil insanaed into 8 PC Board (min thickness 1/16 .} 59 mm) :

wilh SQIGEr CONMBCHNG OB LIPS ONIY ..o\ttt ittt ittt et e e e ettt sy s e cae et ae e et et aan s aestaneananenennn +300°C

RECOMMENDED OPERATING CONDITIONS:
For maximum rellability, nominal operating conditions should be selected 30 1hat operation Is aiways within the
following ranges:

LIMITS
CHARACTERISTIC UNITS
MIN. MAX,
Supply-Vohagu Rango (For Ta = Full Package- Temporature Range) Vee:*
CDS4/74HC Types 2 6 v
CD54/74HCT Types 45 55
DC Input or Output Voltage Vi. Vo 0 Vee
Operatling Temperature Ta:
CD74 Types -40 +85 *C
CDS4 Types -55 +12§ *C
Input Riso and Fall Times, &,
atz2v 0 1000 ns
atd4syv 0 500 ns
at6 Vv 0 400 ns
*Unless otherwise spacified, all voltages are referenced to Ground.
o 2 vee o 4 129 vee
o Y 2 o) o Y rﬂ Q0
2 P“ o n Y LN
o1 — "f o o2 4 L a2
1
o -%4 : o 03 & LN
o e o o e
01 <A LN n 4 =X
o Y 1 g4 s 7
r- vs —f 2~ os
) j L 04 o L APV
anp 22 L o 1 I
CD54/7T4HCITI, CDS4/T4HCTITY CODS4/TAHCSTI, COS4/TAHCTS73
TERMINAL ASSIGNMENT TERMINAL ASSIGNMENT

391
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Technical Data

CD54/74HC373, CD54/74HCT373
CD54/74HC573, CD54/74HCT573

STATIC ELECTRICAL CHARACTERISTICS

CD24MCITIICDS4MCINI COZ4MCTIIN/COSANCTIN)
COMNCITI/COSANCSET) COTAHCTSINCDIANC TSI
TEST TAHC/S4HC T4NC S4HC TESY 74HCT/S4HCT | TAMCT S4HCY
CONDITIONS TYPE TYPR TYPE CONDITIONS TYPE TYPE TYPE
CHARACTERISTICS UNITS
40/ -88/ <40/ -$8/
«28°C 28°C
88°C ] *138°C +48°C | ~1235°C
A\ la Ve \/ Yee
v mA v v v
Min (Typ Maz |Min Men JMin Moz Min (Typ Mas [Min Hu Min |Mas
High-Level! 2 |5 |-~ 19 1 -- 15 45
Input Yollage Ve 45 Dig) - |~ 15|~ Pas| -~ - to 2 -1-12 - 2 { - v
6 |42 |~ |- Je2}— [42]~— X
Low-Level 2 |~ |- joS5|-~ |O5])— [O5 45
Input Votiage Va 45 1~ | = 1138] = J035] - 135 - 0 —~ |~ |os |~ |08 |- |08 v
6 |- |- |18} |18~ |18 58
High-Leve! Vi 2 pho)-j—-Jt9 )~ j18 |- Va
Outpul Voltage  Vou or 002 145 Jaa | |- Jaa ] - Jaa )~ ot 48 |44 ]|~ | = Jaa ]~ (48]~ v
CMOS Loads Ve 8 1591 — 1~ {59 ]~ 1591~ Vies
Vo Ve
TTL Loags or 6 f{as pos|— (- [p84f-- {27} - ar 45 Ihos)l - | — Pheay - |37 ]~ v
(Bus Drivar) Ve |-78 [ 6 Baa{-- |- [534{~ {52~ Viee
Low-Level Vu 2 - = [0V |~ [Ot [~ [0} Va
Quiput voltage Vou o |002 {45 |~ |- OV ]~ OV ]~ [OF or 48 (= [~ (01— 1o )~ 1D} v
CMOS Loads Vi ] - « Jot |~ {0t |-~ JOO Vi
Va Va
TTL Losds or 6 43 [~ | — [026] — 33|~ |04 or 45 - |- 026~ [033] ~ |0¢ v
18us Oriver) Ve, |78 |6 |~ |~ jo28) - 03|~ 04 Ve
Input Leakage Any
Current L Vee Vollage
or 6 [~ [- [(s0 = [2tf~ |2v] Betwaen |58 | ~ | — JtO0} = I B2}~ 10 pA
Gnd Vee 8nd
Gng
Quisscent Device
Cutrent tee | Ve Vee
or 0 [ 1 —- |- 8 |- |80 ]|~ (180 ot 59 - - 8 {—- (80|~ {180 A
Gnd Gnd
Additional .
Quiescent Device 45
Cutrent per Vee 2V o |- |00 ]| - [450] — [490 wA
Inpul Pin 55
Y Unil Load Atee’
3-State Va  |VerVed Va
Lestage or or ¢ |- |- [toS5{~ [25|— |20 or $8 | — [— [t08] — {28{ ~ | 210 A
Curtent Ve 1Gnd Ve
*For dusi-supply dystems theoretical worst case (Vi + 2.4 V, Ves * 5.3 V) spacification is 1.8 mA.
HCT INPUT LOADING TABLE
UNITLOADS *
INPUT -
HCT373 HCTS573
OE 1.5 1.2§
Dn 0.4 0.3
LE 0.6 0.65

392

¢ Unit Load is Alce limit specitied In Static
Characteristics Chart, e.g., 360 A max. @ 25°C.
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Technical Data

CD54/74HC373, CD54/74HCT373
CD54/74HC573, CD54/74HCTS573

SWITCHING CHARACTERISTICS (Vcc = 5V, Ta = 25°C, Input 1, 1, = 6 ns)

TYPICAL VALUES
CHARACTERISTIC Ce. UNITS
(pF) HC HCT
Propagation Delay
Dala to Qn Output (HC/HCTA73) teci 15 12 13 ns
(Fig. 3) firn
Data to Qn Outpul (HC/HCTS73) trin
15 14 17 ns
(Flg. 3) term
TE 10 On Output toun
15 14 14 ns
{Fig. 4) tem
" Quiput Enabling Time !
P 9 Bl BT 12 14 ns
(Fig. 8.7) tren
Qutput Disabling Time t
P 8 "1 s 12 14 na
{Fig. 8. 7) trvz
Power Dissipation Capacitance (HC/HCTYS73, 373) Cro' - 51 53 pF

‘Cro determines the no-load dynamic powor consumption per latch. It is obtaingd by tho lollowing relationship;
Po (to1a) power pes ialch) = Vet b, (Cun ¢+ C,) where |, 3 input lrequency,
C. * output load capacitance, Vee * supply voitage

PRE-REQUISITE FOR SWITCHING FUNCTION

LIMITS
TEST 2s°c “0°Clo +85°C  |' -85°Cto +125°C
CHARACTERISTIC CONDITIONS na UNITS
HC HCT 74HC | T4HCT | S54MC S4HCT
Vee [ ] ]
v Min. [Max, [Min. |Max. i Min, [Max. | Min. [Max. [Min. Max. [Min. [Max.
CE Pulse Widih tw 2 80 | — | — [ —(100] — | — |~ |120{ — | — | —
{Fig. 3) 45 16— |[16)~]20|—f20]—]24)—~|24] =1 ns
6 14 | — |- | ~(Jin{—=f{—~}{~j20|—~|~]—-
Set-up Time tay 2 |- -|—-168] - =-—1—=[{"5]-1=1]-
Datato LE §73 4.5 w|—-Juwa|-|wal-]we|—=]s]|—={20]~] ns
{Fig. 4) 6 g |-} —-|—-jnl—-}l—-]=tlua]l—~]—1]-=
Set-up Time tsu 2 O} —-~]—-—]1~}88)—-—]—=-}=]5|=-1-1]-
Ostato (E a7 4.5 w0]—f{w3j—-|1wf—-f6|l—-—f1s}~]20]~1] ns
(Fig- 4) 8 sl=t=d-Inl-]<]-dun]-1-1]-
Hold Time ty 2 0|~ —-—f—{S0O{—-t—=-f{—-(60)—|~—1|~—
Datato TE §73 45 8 l—lwl=Jw]~]n3f—-f12f~]15{—=1 ns
{Fip. 4) ?l=|=]=]8{=j=|=]W]=]=1-=
Hold Time L™ 2 S|—-}—-1=-}5)1-~]1-1]- 5§ |~ —-1-
Osta to TE a7 45 §1~-Jw]-1s Bl -Js |-l ]=1 ns
(Fig. 4) 8 LI I I - = e - T O e
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Technical Data

CD54/74HC373, CD54/74HCT373
CD54/74HC573, CD54/74HCT573

SWITCHING CHARACTERISTICS {Input ), ) = 8 ns, C, * 50 pF)

LIMITS
TEST 25°C -40°C lo +85°C -§5°C o +128°C
CHARACTERISTIC CONDITIONS UNITS
HC HCT T4HC TAHCT S4HC S4HCT
Vee
v Min. ]Mn. Min, Max. [Min, [Max. |Min. lMu. Min. an. MIn.]M—n.
Propagation Oclay e 2 - IS0 - ] = ] — 190 | — | ~ { — j225| — | -
Datato On trin 45 - 30 - 132 - 138 } — 40 | — a5 — 48 ns
{Fig. 2) HC/HCT373 -8 | ~-|=-] -1}~ ~] =] -}
Datato Qn toun - 5y~ |- =4j220{ — | ~ | — [265{ — | —
{Fig. 2) oy 4.5 — 13 | —- 40 | — | 44 - 50 | —~ 53 | — | 60 ns
HC/HCT57) -l |~-f{—-|=137f—-|=1|=|4 | =]
t€won trn —jis] -t =} ~J220] — |- |~ |285]| — | —
trrn, 45 -—_— 35 -— as - 144 —_ 44 -_— 53 — 53 ns
(Fig. 3) —|o|~{~fj~|37|—|—-}|~]o5]|—-|—-
Quipul Enabling  tez — |80 -t~ —~(190|— |~~~ (225]— ]| —
Time tran 4.5 — }30 |- ]3| —-18|— |44 ]~ 45| — |53 ns
{Figs. S & 8) — ]2 | ===V =-f{t=]~|3B8B]—=]|-
Output Disabdling e - 1150} - ]~ 1= J190} - ] — ]~ 1226}] — | —
Time trrag 45 - 130 [ — 35| ~ 138 ] — 44 ] — |45 | — |53 ns
(Figs. 5 & 6) -]}~ |~ |~[|B|—-—]—1~j|—|—
Qutput Transition i - 1800 |—|~-|=~l"{-}t=-]|~190|—|{-—
Time tna 4.5 — 12}l —=|12]~|15)—1]15]|— 18 | — 18 ns
(Fig. 2) ] — 0=} = =~ |13} === 15| —~]-
Input Capacitance C, - - [0 {—-jW0{~ 110} —=}]10]—=F10{~1|10 pF
3-State Ouiput c
Capacitance 0 — —_ 120} — |20] ~ 120 | — |20 ] — J20 | — | 20 pF
I
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Technical Data

CD54/74HC373, CD54/74HCT373

<’
CD54/74HC573, CD54/74HCTS73
INPUE LEVEL — — — INPUT LEVEY .’*""
L)
=T
DATA
0%
o
9263-37432 O Ys b
22C8-3713)
54/744C 54/74HCT S4/TAHC S4/TAHCT
tnput Levs! Vee v Input Level Vee v
Vs S0% Ve 1.3V Vs 50% Ve 3v
Fig. 2 - Dsta 10 Q. output propagation defeys and output Fig. 3 - Lalch enable propagation delays.
trangition times.
INPUT LEVEL = —~=—
8 INPUT LEVEL
oara . - o O
0 otk ° AN Qihet inputy
Tind MigN| s0pF
"pan oz of Law
BE
) @ e W 2
Qn
22C3- 37139
°N
) LITIRR 11T 54/7T4HC 54/74HCT
54/7TAHC | S54/T4MCT input Level Ve v
tnput Level Vee v Va 50% Vee 1av
Vs 50% Ve 13V Vi S0% Ve 13v
) Ve 90% Vee 90% Ve
Fig. 4 - Latch enadle prerequisito times.

INPUT LEVEL

Fig 5 - Throo-state propagation delays.

ouTPUTY
8a [

AR Other lnputs
Trad gh vee
of Low S0 pf
5 L
INPUT

2Cs-3N136
S4/T4HC 54/T4HCT
Input Level Vee v
Va 50% Vee 13V
v, 50% Vee 13V
V. 10% Vee 10% Vee

Fig. 8 - Three-siate propagation delays.
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