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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

digital data acquisition. ,
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I. INTRODUCTION rRef. 11

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 located

primarily in North America provide limited electron density

data. Current data is not global in nature and to obtain
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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 large 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 = 10-10 meters). The measurement is

expected to provide accurate data above an altitude of 200 km.

Below the altitude of 200 km, 02+ and NO+ become the

dominant ions in the regions known as the D-, E-, and FI-

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 N2, 02, 0, NO, and N. Photochemical models of

the ionosphere have shown that these neutral species are

chemically coupled with 02* 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

2



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.
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11. DESIGN CHARACTERISTICS OF MANUFACTURED

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

III will consider the design requirements of the interface

board.

A. PCM ENCODER SUBSYSTEM [Ref. 3]

1. Configuration

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

6



DETECTOR INTERFACE BOARD

(ITT 4L45) awL

POWER SUPPLY PCM ENCODER
STAC CLOCK

JOLTS>T P

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.

a- " * * * . , ' .'

iL

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 system.

(1) PX-628 Power BUnnly. 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 is located inside the power supply module.

Selection of the oscillator frequency is accomplished by

ranipulating 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) PM-618 Formatter. The formatter module,

controlled by the programmer, takes digitized data and merges

it with frame synchronization words. The data undergoes

parallel to serial conversion to provide the proper data

format for the timer.

8



(4) TX-615P Timer. The timer module accepts

serial data from the formatter and encodes this data into the

required PCM data format (Bi-O-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-O-L output

- NRZ-L primary output

- Major Frame synchronization

- Bi-O-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.

(5) SP-622 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

9



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.

10



(2) MP-601L 32-Channel High-Level Analoq

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-HS 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) FL-619A Ouad Filter and Amplifier. The quad

filter module provides linear-phase lowpass premodulation

11



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-0-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 integration 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 the experiment.

2. 0poeation

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 loaded into the system

12



PCM ENCODER
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

Figure 2.3 Flight Configured PCM Encoder Stack
[After Ref. 3:p. 4]
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+ 28+4 VDC

POWER INPUT
PR-614 PX-628 A BIT RATE

PROCESSOR POWER B PROGRAM
SUPPLY C

E-- SELECTED
BIT RATE

ADDRESS & CONTROL REGULATED VOLTAGES

MP-601L AD-606-HS A/D DATAANALOG PM\A/D
MUX, COINVERTERI

SERIAL
MP-601L BI-LEVEL
ANALOG DATA
MUX. O CFM-618 O

-ANALOIG
MUX,

L----ANALOG DATA B -FIT CLK'

ENAB LE TIMER FRCAM.

CLK.SPD-629

DGTL PCM OUT
DIGITA (UNFILTERED

DIGITAL QUAD, FILTERS (1-4
MUX, FILTER

-- DIGITAL DATA

Figure 2.4 Flight Configured PCM Encoder Block Diagram
(After Ref. 3:p. 5]

14



EPROM. Synchronization occurs at che 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-O-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 transmitter. 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 10'6 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. Sianals

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



1 23

1 2 3 4 5 6 7 8 9 1 1 2 3 4 5 6 7 8 9 0 L 2 3 4 5 6 7 8 930 L 2

iL1 °

32 M1

inor/MajorMUATANG ANALOG SIGNALS MUSTANG DIGITAL SIGNALS Sync Frames

1. Experlmental high vottage X Experimental data

2. +15V DC/DC monitor
3. 5V DC/DC m onitor

4. 28V battery monitor
5. 5V amplifier monitor

6. 15V amplifier monitor
7. 5v high voltage monitor

Bit clock frequency is ............... 200 kHz (Susec/bit)
Each word consists of ........................... 10 bits/word (50usec/word)
Each Prm#e consists o .................................. 10,240 bits/frame

................. ... 1240 words/Frane

Each F'rame ......................................................................... 5 t.2 msec/fram e

Each minor frame .... ........................ 1.6 msec/subframe

Figure 2.5 PCM Communication Matrix [After Ref. 3:p. A-i]
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BIT CLOCK

WORD CLOCK

EXPANDED WORD CLOCK
! I I

ENABLE PULSE (WHEN DATA REQUESTED)

FRAME PULSE (ONCE EVERY 1024 WORDS)

Figure 2.6 Timing Diagram Illustrating Flight
Synchronization Signals (After Ref. 3 :p. 43]
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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. ConfiQuration

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.

18
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START
01 DIGITAL SHIFT REGISTER
02 (PCD SHIFT REGISTER)
03

03 VIDEO

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

(i) Photodiode Section. The light-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 low light

performance. Figure 2.10 illustrates the photoelectric
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Figure 2.10 Image Sensor Photoelectric Conversion
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 limits 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 2.13. 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 light

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 light 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 cL;crent is
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very sensitive to temperature, doubling with each 70C 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 illustrates the dominance of the photodiode

leakage current and the nonlinear region of the figure

illustrates the dominance of the shift register leakage

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 Shift Register Section. The PCD transfer

section is 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 illustrates 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 two 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 o - - (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 length. The register

consists of an equivalent base, and independent emitters and

collectors. When Vc and VE 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[ ~ DD IEMIT rER Ra
Rc

n-Sub. COLLECTOR

Figure 2.16 HCDT Equivalent Circuit [Ref. 5: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

between 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, RE=R+R 2, and the emitter capacitance, CE,

impact the circuit operating characteristics by promoting

Vcc

Tt START Vcc

Vsh R2CEQS -- oEOS

CLOCK I 0 Of

CLOCK 2 02 VIDEO---o VIDEO

CLOCK 3 0::
R,

Figure 2.17 Clock Driver Circuit [Ref. 5:p. 2]
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temperature stability and efficient power utilization. At

high frequencies (>250 kHz), the Ri/CE pair is removed to allow

for stable clocking. In this case efficiency and stability

are sacrificed for speed.

(3) Switghing (Output) Section. 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 line and the output data becomes available for

collection at this point.

t0 Vcc

o VIDEO SIGNAL

JADDRESS 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. 5:p. 9]

control and operate the image sensor, thereby reducing the

complexity of user interface with the image sensor. The

reqired 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

31



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 light 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 (4x104)

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

clock 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.
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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 unregulated busses (28+4 v). The three power busses

consist of the instrumentaticn 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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Figure 2.20 PCD Image Sensor Control And Data Signals
[Ref. 5:p. 13]
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power regulation 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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II. INTERFACE DESIGN

In Chapter II, 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. Bignal 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

42.5' -12- .0-

HIRAAS/MUSTANG INSTRUMENT INSTRUMENT TELEMETRY

HOUSING ELECTR3NICS AND

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 Asec. The sample-and-hold device would be required to

sample and save the signal in the 5 Asec corresponding to the

time that the TRIGGER is pulsed on. An independent AD

converter would be allocated 15 Asec 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 Asec; 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 gsec

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).
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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 PCX 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 Msec). The

requirement for stable data suggests that a digital latch

would provide an appropriate interface between the memory

device and the PCM encoder.

4. Pover Sources

To complement the modular design concept, all of the

power required to support MUSTANG operation should be provided
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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
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- 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 Acuisition

Data acquisition is initiated by the FRAME clock

(Figure 3.2). The FRAME clock pulse length is one word period

in duration (50 gsec). The 54LS122 monostable triggers on the

rising edge of the FRAME clock and generates a 10 gsec START

pulse. To insure initialization of the PCD image sensor, the

START pulse must be at least 500 nsec in duration. A 10 Asec

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 lisec) 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 Asec. 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 gsec). The falling edge of the DATA READY

signal will trigger the second monostable on the 54LS221 to

generate a 2 gsec 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 Asec.

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 gsec referenced to

the leading edge of the current WORD period. While the data

is being read, it must remain stable for the remaining 25 Asec

of the current WORD period. The current circuit configuration

will transfer data to the output latch in 5 gsec and allow the

data to remain latched and stable for 45 Asec. CMOS latches

are used to ensure that the "logic I" 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 SUPPLY 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 OF GROUND SUPPORT EOUIPMENT

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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Figure 4.1 Block Diagram of GSE MUSTANG Interface

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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Figure 4.2b Support Components Required to MUSTANG [Ref. 9]
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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 laboratory, 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. GSE Funotions

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. GSBE Configuration To SuDort 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
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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 512-element PCD image sensor. For laboratory

operation, the clock select switch should be selected to the

computer position.

The GSE generates 28 vdc 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. G08 To SUMoort Pre-Flight Testing (see Figure 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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Figure 4.5 Block Diagram Showing GSE in Pre-Flight

Test Configuration
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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 PG1 is disconnected isolating the PCM

encoder. The GSE generates a 28 v signal which can be

externally applied (see Figure 4.2c) to the relay box. In

this configuration, the system control signals will be

generated by the computer. Subsequent data collection will

also be performed by the computer.

C. GENERKL 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 zero to peak level of 100 my. The noise would damp

to zero in approximately 0.5 Asec. 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 AF and 10.0 AF
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 gF capacitor betweAen the power and ground pins.
This capacitor was placed as close as possible to the
component to minimize lead length and subsequent
interference from adjacent leads.

The board 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 noise 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

71



INITIAL PC BOARD ANALOG TO DIGITAL
OBSERVATION

- - -

10 -

* 9-

dJ/

000._0.4 0_ 0.

77

4 - -

0-
0 0.2 0.4 0.6 0.8 1

(Thousands)
BINARY VALUE(docirnal frmat)

-THEORETICAL. CURVE -INITIAL PC BOARD

Figure 5.3a Linearity Test for Milled Interface Circuit

72



INITIAL PC BOARD ANALOG TO DIGITAL
EXPANDED OBSERVATION

0.9 - ___ _ __

41 0.8 -

0.7 -

0.6 -hed

0.0

0.35-

0.2 -_ _ _

0 20 40 60 80

BINARY VALUE(decimal format)
a THEORETICAL CURVE +- INITIAL PC BOARD

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 gsec after the leading edge of TRIGGER

pulse. The 2.5 gsec 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 Figure 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 IV), 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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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 250 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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200 kHz. 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 laboratory 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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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

85



Figure 5.10 Computer-Generated BIT Clock (Top) and
WORD Clock (Bottom)

(Vertical Scale: 5 v/div, Horizontal Scale: 20 psec/div)

Figure 5.11 Computer-Generated BIT Clock (Top) and
TRIGGER (Bottom)

(Vertical Scale: 5 v/div, Horizontal Scale: 10 Asec/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 gsec/div)
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Figure 5.14 FRAME Pulse (Period 102.4 msec)
(Vertical Scale: 2 v/div, Horizontal Scale: 20 msec/div)

By analyzing the photographs, the following conclusions

can 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 PCN 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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June 5, 1989

MEMORANDUM

TO: Paul Buchanan. Payload Manager

FROM: Warren R. Dufrene, Jr., instrumentation Engineer

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

Introduction

This flight is planned to fly from YSMR 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 Vector MMP-600 series Micro-PCM encoder using BIY-L code. This link
contains all experiment data, S-19 data, ACS data, and TM housekeeping data.
The transmitter is a 5-watt Vector TiOSS.

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

PCM/FM Link (200 Kbit B10-L)

Carrier Frequency 2269.5

Carrier Deviation +200 KHz Sf . 13.7 dB
Receiver 2nd IF Bandwidth T.O MHz
Receiver Video Bandwidth 400 Kiz

A Vega C-Band radar transponder will be used for trajectory data. Associated
with this transponder is a 2-way rower divider, two phase matched RF cables,
and two C-Band antennas mounted physically 1800 apart.

Thrust acceleration data is obtained from two accelerometers mounted in the
thrust axis. One, a Setra 141A accelerometer is conditioned to a +3UG -20G
range. The second, an Edcliff accelerometer, has a +17G -IG range and meets
the WSMR lip 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 syst. ms are also included in housekeeping data.

51lihlhfg F- I O)/W! FF
WaI6hbo wall. Virgiinia 23337

804.MJ4. 12J8

Please note the following attachmentri

1. RF Link Analysis
2. PCN Measurement List
3. KCM Format
4. PCH Stack Arrangement
S. PCX Stack Module Addressing
6. MMP-600 Micro PCM E-Prom Program
7. Instrumentation Components List

Warren R. Dufren* Jr.
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36.053

McCoy/Naval Research Lab
System Parameters

Carrier Frequency 2269.5 MHz

Modulation Type PCM/FM

Radiated Power >5 Watts

Downlnk Carrier Deviation +200 KHz

Ground Station Receiver

IF Bandwidth 1 MHz

Video Bandwidth 400 KHz

PCM Code: BIO-L

Bit Rate: 200 Kbit/Second

Words/Minor Frame 32

Minor Frames/Major Frame 32

Bits/Word 10

Sync Word 01 1110110111
MSB LSB

Sync Word #2 1000100000

Bit Alignment MSB First

SFID Counter Location Word 1

SFI Word 000242322212000 LSB

0 of Bits in I0 Counter 5

ID Counter Counts Up a MSB First

Parity: None
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36.053
McCoy/Naval Research Lab

RF Link Analysis

Sf Safety Factor (dB's)

Sf - Pt + Di + Gt + Gr "S/N - Bf PL

Pt a Transmitter Power - Watts (min.) in d~w a 5 Watts (in) - 7 dbw

0 a Diplexer Insertion Loss - -1.3 dB (Not Used)

Gt a Transmitting Antenna Gain -6 dB WFF Microstrip 17.25" Dia.

Gr a Receiving Antenna Gain = [37.2 dB (Il1um. Factor 55%) -3 dB
-3 dB (Polarization Mismatch)]

a 31.2 dB (Antenna Gain for 10' Dish)

S/N a Signtl to noise ratio in dB = 13 dB for PCM/FM

Bf a 10 Loglo (KTsB) K = 1.38 x 10-23 Joules/0 K

K = Boltzmann's Constant B = 1,000 KHz

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

TA - Antenna Noise Temp.

TS  a TA + TR TR = Receiving Noise Temp.

TA = (400)8 +290 (1-6) 4 = Power transmission coefficient for
the transmission - line preceding
the pre-amp .9

TA = 360K + 290K = 65°K

TR U TPA + CTDc/gpA ] + (Tc/(gpA x gD)] + [Tr/(gpA x 9DC x 9c)]

TPA ' Pre-Amp Noise Temp

TDC - Down Converter Noise Temp

Tc x RF Cable Noise Temp

Tr = Receiver Noise Temp

TS  - (2200K @ WSMR)

Bf a 10 Log1o (KTsB) - -145.2 dB
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PL a Path Loss a 20 Loglo [4w FR)/C]

a 20 Loglo F* + 20 Log1 oR*
* + 20 Loglo (4- /C)

C a Speed of Light in Km/Sec - 2.9979 x 105 Km/Sec

*F a Freq. in Hz = 2,269,500,000

**R Range in Km - 360 Km (Max Slant Range)

PL = 150.7 dB

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

Sf 13.7 dB

8/4/89

36.053
McCoy/Naval Research Lab

PCM Measurement List

Format Time Slot Sample Rate

Label Data Description WO FR INT SPS

Parallel Digital Data

Bit

Pi 1 MSB Prog Event #1 12 1 8 78
2 I2
3 34 4
5 5
6 6
7 7

8 8
9 9
10 LSB Prog Event #10

Bit

P2 I MSB Prog Event #11 12 3 8 78
2 12
3 13
4 14
5 15
6 167 17

8 18
9 19
10 LSB Prog Event #20

sit

P3 1 MS8 Prog Event 121 12 5 8 78
2 223 23

4 24
5 25

6 26
7 27
8 28
9 29
10 LSB Prog Event 130
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8/4/89

36.053
McCoy/Naval Research Lab

PCM Measurement List (cont.)

Time Slot Sample Rate
Fomat t4 R INT SPS

Label Data Description O FR -- --

Parallel Digital Data (cont.)

Bit

P4 I MSB Prog Event #31 12 7 8 78

2 32
3 33

4 Prog Event #34
5

67

89

10 LSB
is 1 625

P5-i Exp Data 16 1 1 625

P5-2 17 1 1 625

P5-3 18 1 1 625

P5-4 19 1 1 625

P5-5 20 1 1 625

P5-6 21 1 1 625

P5-7 21 1 1 625

P5-8 23 1 1 625

P5-9 Z4 1 1 625

P5-10 25 1 1 625

P5-11 26 1 1 625

P5-12 27 1 1 625

P5-13 28 1 1 625

P5-14 29 1 1 625

P5-15 30 1 1 625

P5-16 Exp Data

Bit

P6 1 MSB Data 
12 4 4 156

2
3
4
5
6
7
8
9
1o LSB Data
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8/4/89

36.053
McCoy/Naval Research Lab

PCM Measurement List (cont.)

Format 
Time Slot Sample Rate

Label Data Description WD FR INT SPS

S-19 Data

Al Gyro Roll 11 1 1 625

A2 Gyro Pitch 7 2 2 312

A3 Gyro Yaw 8 4 4 156

A4 Roll Resolver UO 5 1 16 39

A5 Roll Resolver U* 5 2 16 39

A6 Servo Amp, 56y 5 3 16 39

A7 Servo Amp, Saz 5 4 16 39

A8 Servo Rtn, Udy 5 5 16 39

A9 Servo Rtn, U6z 5 6 16 39

A10 +15V 2 26 32 19

All -15V 4 14 16 39

A12 Batt 1 -18V 5 15 16 39

A13 Batt 2 +28V 5 16 16 39

A14 Batt 3 +8V 2 27 32 19

A15 L.O./Timer Zero 4 15 16 39

A16 Start Guidance 5 7 16 39

A17 Canard Decouple 5 B 16 39

A18 Current Monitor 5 9 16 39

A19 Bottle Pressure 5 10 16 39

A20 Regulated Pressure 2 11 16 39

A21 Module Off Cmd 2 28 32 19

A22 Gyro Cage Cmd 2 29 32 19

A23 Gyro Uncage Cmd 2 31 32 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 Roll Cosine 3 4 16 39

A31 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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8/4/89

36.053
McCoy/Naval Research Lab

PCM Measurement List (cont.)

Format Time Slot Sample Rate

Labet Data Description WO FR INT SPS

ACS Data (cont.)

A39 Yaw Resolver 3 11 16 39

A40 Slave Roll Position 3 13 16 39

A41 System Mode 3 13 16 39

A42 Int Rig 3 14 16 39

A43 +15V Mon 3 15 16 39

A44 ;26V Mon 2 32 32 19
A44 1 16 39

A45 Wig Heater (Roll) 4 2 16 39

A46 Rig Heater (Yaw) 4 3 16 39

A47 SV Reg Mon 4 39

A48 Bottle Pressure 4 4 16 39

A49 Bottle Temp 4 5 16 39

ASO Reg Pressure 4 5 16 39

ASI Yaw Fine Pressure 4 6 16 39

A52 Roll Fine Pressure 4 7 16 39

TM Housekeeping

A53 ORSA Sys 1 Sig Mon 4 9 16 39

A54 ORSA Sys 2 Sig Mon 4 10 16 39

A55 ORSA H/S Dply Mon 4 11 16 39

A56 ORSA Pressure Mon 78
A67 Ign SCM 1, Ign, Des, Sep 4 12 16

A58 Ign SCM 2, Ign, Des, Sep 4 13 16 39

A69 B.B. Motor Chamber Press 6 6 8 78
A6 B.B. Motor Separation 2 1 32 19

A61 Lanyard Switch #1 2 2 32 19

A62 TM +28V Bus Mon 2 3 32 19

A63 TM +5V Mon 2 4 32 19

A64 Door +28V Bus Mon 2 5 32 19

A65 XMTR Temp 2 6 32 19

A66 PCM Stack Temp 2 1 32 19

A67 IIP Z-Accel (+17 -1G) 9 1 1 625

A68 Z-Accel (+20 -5G) 10 1 1 625

A69 X-Accel (±5G) 7 1 2 312

A7O TM Bus Current 6 1 8 78

All XPOR Bus Current 6 2 8 78

A72 Exp Batt I Bus Current 6 3 8 78

A73 Door Batt Bus Current 6 5 8 78

A74 N/C Breakwire 2 8 32 19

A75 Timer +5V 2 9 32 19

A76 Lanyard Switch #2 2 10 32 19
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36.053
McCoy/Naval Research Lab

PCM Measurement List (cont.)

Format Time Slot Sample Rate

Label Data Descrition WO FR INT SPS

TM Housekeeping (cont.)

A77 Exp Hi-Voltage Mrn #1 ? 11 32 19
A78 Exp Hi-Voltage Mon #2 2 12 32 19
A79 Exp Batt 2 Bus Mon 2 13 32 19
A80 Exp Aspect Relay Mon 2 14 32 39
A81 +15V DC/DC Mon 2 15 32 19
A82 75V DC/DC Mon 2 16 32 19
A83 Exp Spare 2 17 32 19
A84 Film Advance Mon 12 2 8 78
A85 Door Position Mon 12 6 8 78
A86 Batt I +28V Mon 2 18 32 19
A87 Batt 2 Mon 2 19 32 19
A88 Door Open/Close 2 20 32 19
A89 Sequence Mon 2 21 32 19
A90 +5V Amp Mon 2 22 32 19
A91 +15V Amp Mon 2 23 32 19
A92 +5V HV Mon 2 24 32 19
A93 Skin Temp Mon 2 25 32 19
A94 Timer #1 Data 13 1 1 625
A95 Timer #2 Data 14 1 1 625
A96 ACS Start Mon 5 14 16 39

36.053
McCoy/Naval Research Lab

PCM Stack Module Addressing
(Hardwire)

Component Address

A7 A6 AS A4 A3 A2 Al AO

PD629 #1 0 0 0 0 0 1 X X

PD629 #2 0 0 0 0 1 0 X X

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

MP-601L 02 0 1 0 X X X X X

MP-601L #3 0 1 • 1 X X X X X

Sync 01 Inst 1 1 1 0 1 1 0 1 1 1

Sync #2 Inst 1 0 0 0 1 0 0 0 0 0

Pattern Length Pattern

20 11101101111000100000
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8/7/89

36.053
McCoy/Naval Research Lab

Instrumentation Components List

Item gty Component f Model Comments

I I S-Band Transmitter Vector Ti05S 2251.5 MHz

2 1 Transponder Vega 302C-2 C-Band

3 2 Transponder Ant PSL 7.015 Rams-Horn

4 1 Transponder Pwr Div Vega 853-C2

5 3 Thermlsters Fenwall Isocurve 15K Ohm

6 1 Accelerometer Edcliff 7-101 +17 -IG, Z-Axis

7 1 Accelerometer Setra 141-A +20 -5G, Z-Axis

8 1 Accelerometer Setra 141-A +5G, X-Axis

9 2 Accelerometer Cond Box WFF

10 2 Current Mon Boxes WFF

11 4 Current Sensors F.W. Bell MB-1020

12 1 Diode Logic Mon Box WFF

13 1 Pyro Mon Box WFF

14 1 TM Mon Box WFF

15 1 S-Band Antenna Ball Bros S/N 73, 74 (Built in Skin)

16 2 Timers WFF Electronic (Chucks
or Daves)

Micro PCM Stack Vector MMP-600

1 1 Programmer Vector PR-614

2 1 Timer Vector TM-615P
3 2 Digital Par. Mux Vector PD-629

4 3 Analog Mux Vector MP-601

5 1 Quad Filter & Amp Vector FL-619A

6 1 Formatter Vector FM-618

7 1 A-D Converter Vector AO-606-HS

8 1 Power Supply Vector PX-628
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APPENDIX B

HAMAM(ATSU PCD IMAGE SENSOR TECHNICAL DATA

PCD LINEAR IMAGE SENSORS
HIAAIEIWATSUJ S2300 SERIES

TECHNICAL DATA (5O0pm x 5.0 mm Aperture Size)

The 52300 Series PCD linear Imago sensors are monoilithic
aeit-scannlng photodiode arrays designed specifically
ice applications In multichannel spectroscopy. The scan-
ning circuit Is constructed by a Piasma.Coupied Device
(PCO). This scanner Is a novel bipolar static shift register
and to operslable with a single low power supply voltage.
PCO Image sensors feature low spike noise, large son-
sitive areas, and high UV light sensitivity that allow high Q
SIN ratios even In iow-light-ievel detection applications.

The pholodlodes of the S2300 SerISS are arrayed Ina row
with 50 pm center to center spacing and 5.0 mm height.
The sensitive area Is twice as large as the S2301 series, .

thus well suited for iowlght-ievei detection requiring high
sensitivity. Three different numbers of photodiodes, 256
(S2300-2560), 512 (S2300-5120), and 1024 (S2300-10240).
are available. Quartz glass Is the standard window material.
(Fiber optic window types are also available.)

FEATURES
e Wide photosensitive area; 50 yam x 5.0 mm
* 1 poiar-lyp. Image sensor
*Wide operating frequency; DC to 2MHz
*Oporalabie With low voltage, single power Fir lall: S2300-2560. S2300-5120. $2300-10240, S2300.1024F

Lo Inputs (start pulse, shift clocks) are
TTE compatible (open collector type)

*Low capacitive switching noise
*High UV senstlvI*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.

IMAGE SENSOR STRUCTURE
The PCO iinear Image sensor Is a mionolihic integrated circuit con. Figure 1: Equivalentl cicuit
structed with photodiode arrays, PCO shift register and switching Iran. tti - ~
stators for addressing the photodiodes. FIg.1 shows the equivalent ci. :; g''4r=1

The PO shift register is a static type selfl-scanner that transfers an
addressing pulse along the chain driven by a synchronized three phase
clock. Each output pulse (negative polarity) from the PO shift register Is
then fed to the base electrode 0( each p-n-p switch In the video circuit.
Photodlodes act as the emitters In these lateral transistors. and operate
in the charge atorage mode. Therelors, the outputs are proportionai to
the product of the illumination Intensity and repeated scanning period. Figure 2: sensor gomoretry

As shown In Fig. 1, the equivalent circuit 01 52300 series Is very Simple, I If1no dummy photodiode Is necessary and the signal Is available from only i''i "
one row assa sequential output. Furthermore the uniformity and purity of F4
the signal Is high, making It possible to measure the light Intensity more1 I
accuratety with a simpie peripheral driving and signal processing circuit. __ t i ,

Fig.2 shows the sensor geometry. The photodiodes consist of dill used
p-type regions In n-type silicon substrates. The charges generated In slrlUeso *I _ 1 @4

these Iwo regions are collected and stored on thve associated P-N junc. I g
tion's capacitance during Ihe Integration period. The p-type ditlused .. -S

region Is specially processed to have high sensitivity In the UV region o "tC
and lower dark leakage current.

hilaetlen In, Oft daeg due' is heltivd ts be tou5.Msf. Hoes,,.. no low=0616ulbduy 10 8111tesW Is 0li In64sueewIs w 6046s9h0n.
Ssftstie we sm~leI Io he.gumde wilti eft. Me Vae,*fl 4006 00 pVnid to OW Of .1tj.s cilew.Ih l.A 1wee
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PCD LINEAR IMAGE SENSORS S2300 SERIES

MAXIMUM RATINGS
Supply Voltage 10Y
Operating Temperature _____ -30 to +85*C
Storage Temperature -40 to + 125'C

ELECTRICAL CHARACTERISTICS_(at 250)_______________

metrs.. Symol ~S2300-2460 SI2 3 0 '1 2 0 3~23 00-10 2 4 0. Units.4

Supply Voltage VCC 3 5 7 -3 5 7 3 5 7 V
Driving Phase _____ 3 3 3 phase
Shifl Putse Votage' Vsh (H) 4.0 5 5.5 4.0 5 5.5 4.0 5 5.5 V

Vsh Il) 0.8 0.8 0.8 V
Start Pulse Voltage Vs (H) Vcc Vcc Vcc V

________________ Vs (L) 0.8 0.8 0.8 V
Operating Frequency 1 C2 D 2 D66 - 2 MAZ
Photodiode Capacitance Cp 8 88 pF
Video Line Capacitance C'v 25 40 50 pF
Power Consumpton' P 30 30 30 mW
Pholodlodo Oafrk Current Id 4 10 1 4 10 1 4 10 1pA

1: At Veen 5V

OPTICAL CHARACTERISTICS Figure 3: Typical spectral response

Spectral Response (20% of peak) 200 to 1000 nm
Wavelength of Peak Response60 mSX
Saturation Ixposurs East" 50 miuxosec. ;0 sf
Saturation Charge Osat 37 pC i Sf0
Sensitivity Uniformity' within±5/ t3. 5% -- - - - -

1: At Vao or5V
12: 50% of saltation, excluding first element t9 rot

WAYWIXIOIII ('4.1

Figure 5: Dark output charge vs. storae time
Figure 4: Output charge vs. exposure temperature dependency

SA "A IK04AfAWf IIf

It--I41 I K/..

EXPOiM 00-16 SIMSAGE INC I-),
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HIAMAMATSU

DIMENSIONAL OUTLINES AND PIN CONNECTIONS (Dimensions In millllmetbrs)

21101214 S23M0.520
SENSITIVE AREA SENSITIVE AKCA

Ii ZS 6 -

1%*1

923MI024

-Z6IV ie Output
$61 TwoVo are connected Inside the

__________ element.
-~~~o Power, _____ Supply voltage

GN- Ground WOV)
____ Start_ PulseInputCflL Compatible)

0 CockPulse Input (frL' compatible)
EO-S nd ofScan

-P Negative C.MOS compatible,
________________________________Obtainable &I the clock liming just

________ aftie last element Is scanned.
NC N ConnectionLH UI______ 

Thi should be grounded.

;119 4 2 A2O e 0 zZj;O

Number of photdoe 258 512 11024
- .rt Pitch (,M) 50

Aperture(prn) 50 x5000
Number of pine 22 28 40'
Window ma(erls(* Quartz
Net weight (g) 41518
' Fiber optic window available.
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PCD LINEAR IMAGE SENSOR S2300 SERIES

DRIVING AND AMPLIFIER CIRCUIT
The clock pulse timing and circuit parameter requirrnents pulse are determined by Vs and Vsh respectively. To
for driving the S230 series PCO image sensor a1e -provide stable operation of the shift register, It is
shown In FIg.6 and FIg.7. To operate the PCO Shift necessary to select an optimized Injection current con.
register requires a Start PUlse to InitIate the Scan and trolled by resistances Fit and R2. Typical values of these
three phase clock to drive sequentially. The polarity of driving parameters are shown In FIg.7 and the electrical
the start pulse has to be negative and the clock pulses characteristics table.
must be positive. These pulses are TTL compatible. The To doeec low light levels with good linearity, video
start pulse needs at feast 500 ns duration time and a current Integration with a charge-ampifier Is recom
minimum of 200 no overlap with the clock pulse 0 1to mendable. Fig.? shows this type of signal extraction
start the sican. It Is not always necessary to overlap with this circuit, the charge-amplfffir Is rest to ground
clock pulses each other, but Ifsa gap of More than W00 ns prior to address each pholodiode multiplex switch.
Is presented, scanning will disable. When the switch Is closed, signal charge flows Into

An open collector type TTL is used to drive the PCD capacitors in the Integration circuit. The output wave
shift register. The voltage level of the start and shift form Is a box car shape.

Fig"r * Timing diagram (liphase drive) Figure?7: Driving and amplifier circuit

clft1 VSh an- VS SI pitbl0ihte aesply6 la

CE: 2 nF. RI: 5.6 i0. R2. 4100Q

RELATED DEVICES
.82301, S2304 Series PCD Linear Image Sensors
Hamamatsu provides other sensor geometries for the PCO linear Image sensors. The S2301 series has
photodlodes of 50 fim x 2.5 mm and the S2304 series has those of 25 ljm x 2.5 mmn. Types with 128 to 1024
photodiodes are available.
eOnlvenlAmplifter Circuits for PCO Linear Image Sensors
Oriverlempliflet circuits for PCD Image sensors are available. These circuits need only a start pulse, master
clock pulse, + 5V and ± 15V power supply to drive the PCD Image sensor. The video output Is a voltage output
processed by a charge-amplifier. Pulse generator for these driverlamplilier circuits and data processing unit
for AID conversion are also available.

HAMAMATSU
IIAMAMATSU PHOTO#4ICS K K., Woid lal at ~lon
13125. IchiIWldIO. Heramalsu city, 435 Japa. Teephone: 0634134.3311 . F ax: 0534135-1031. flion: 4225-15

USA: Nomlffiow Coeepealn: 380 FoebdIll Roed. P.O. 0% SI. Bridgewater. N.J. Oesal0O. Telephotw. 201.2314MO5, Fax: 20t.231-1539
W.Gewany: Namainataw Phoola DwvAsch~nd GmbH: Allbaegeeati. 1C.0.646 Horisching am Amine, te. Telephoner 05ftSZ.375.O. Fas: 001$2.2U25
Awise: Hamameau Phoienle France-. 491 Rue de t a de WIN2 Montiouge. Telephore: (1) 46 554 756. Fax: (1) 46 56 365

JUUST
T-2000 Printed In Japan
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APPENDIX C

HA3MAMATSU DRIVER AMPLIFIER TECHNICAL DATA

OPERATING INSTRUCTIONS FOR EVALUATION BOAIRD

IIAMAMATSU PIIOTONICS K.K.
SOLID STATE DIV.

SD29-890717-0051201.
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OPER ATrING; INSTIlUG'rlONS FO11 E.VALUATIOJN BUAhND

GENERAL

This is low noise driver/amplitier circuit for Hnmamatsu PCD Image Sensors

($2300-512Q,-512F).
The PCD image senstor is a monolithic self-scanning photodiode array. its scanning

circuit in constructed by I'lnsmn-Cou pled I)evico(PCI) .
This driver/nmpli'ier circuit provides a scanning pulse "Start" and a three phase
clock " 1 1, 0 2, 0 3" tn drive the PCD image sensor, rnd includes a chnrge-ninpifier to
output Lhs vidio signal "Video Dat" in the charge integration mode.

FEATURES

OSImple operation; a start puilse, n master clock pulse, +5V and + 15V required.

*Low noise configuration.
*Structure allows for easy cooling and optical alignment.

SPECIFICATIONS

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

Start: TTL pulse, positive level sensitive. Minimum duriation 500 neec.
Used to initialize the circuit and initiate the shift register in the

PCD image sensor.

CLK: TTL pulse, rising edge sensitive., Maximum frequency 250 l(llz.

Used to syncronize the circuit and the shift register in the PCD

image sensor.

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

it-I3OS: ]iS-CMOS compatible, negative pulse.
Available immedlatly after scanning at the last pixel is completed.
Can be tised as end of A/I) aqulsition.

Video Monitor: Negative voltage output.

This output is the integrated PCD video current signal.

Video Data: Positive voltage output.
It is the processed signal of the "Video Monitor".
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SETUP POCEi)U R

Setup for the evaluation system is shown in Figure 1.

I) Power supply connection

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

2) Pulse generator connection

The "Start" pulse nnd the "CLI" pulse, as specified under specifications, must be
supplied to the d river/amimuplif ier (Iir3cit inputs. (C2335 "Llunmamatsu Pulse Genera-

to" available and can be connected to the two timing inputs respectively.)
The integration time is preset by the "Start" pulse interval while tie readout time
of each pixel is preset by a "CLI" frequency.

3) Oscilloscope connection

The "Start" pulse inptt (from C2325 or other clock) Is connected both to the C2325
board and to the EXT. TRIG. input of the oscilloscope.

The "Video Data" signal output is the connected to the input of the oscilloscope.

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

The "Trigger" pulse output can be used as tile logic input of S/l1 and A/D
converter. The "Video Data" signnl output is then connected to the anaJog input of
the S/Il.
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ALGNMENT PROCEDURE

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

REMARK: Use an oscilloscope to monitor the "Video Monitor" or the "Video Data" signal

output without any light being illuminated on the photodiode array.

1) Zero level adjustment 1:

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

j - ReseL period

GNI) Leve I

GND Level

2) Fluctuation (caused by Power supply) cancellation adjustment:

Adjust VR3(IK Q) until the f'luctuation of the "Vedeo Data" signal is minimized.

Readout per Lxl

lierorc ul 0.tis I.mii I

GNt) Lovel

P a I r t , I iis l.,t, I

(;Nr Level
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3) Switching niis calicelltitiol ad(justmentL:
Adjust VRI (10K 0) until the amplitude of the spike noise is minimized.

GN) before adjust-ment

arter adJustmenL

(IND Level

4) Zero level adjustment 2:

Adjust VB4(1OR Q) until the clampling level comes to oscilloscope ground level.

-IK Clampi ing period

before fdjuasbnLfet

a1 u~ad~i~t~(!n L



REMARK(S

If thle evaluation system is not operated, regultirly c~heck tile following items:

1) Are the "Start" pulse and the "CLK" pulse supplied Lo the drive r/amplif ier circuit
inputs as prescribed under specificationis ?

2) Is the scanning pulse STnrV supplied to tile PCD image sensor ?

3) Is the high level of thle three phnse clock (~1, 0 2, 0 3) according to "Figure 3
Timing Dingram" ?

4) Is thimKs" pulse obtmirnd from thle pin of tile PCI) image senmor
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Appendix I

Pin configurations and packaige outlines of POCD Image Sensor are shown in Figure A-i
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Appendix 2

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

3- -

I&

-1- = 4~

to

I'

, " _ _...._ ..... ... ....

VII
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APPENDIX D

IMAGE INTENSIFIER TECHNICAL DATA

r-4144-S.S F4145
F41SO

Proximity FuCUSeci Chnnirel hitensiffer Tubes

With DUal Microchanrfici PlateS

inge Intenesi er I ; IeNuibi FialEl I
l:4144 lAwnI .5-20

Featur es: 1;4145 l51aeii 5-20

* Lightweightl II I ,n uif sliilly litse u cliatlisgiirl i1li ltvl~s Itll,11 4lual ,ilefirlsilil l o o111

*Short Lenth not ilitilit~d, %ts hilgi' oiie. fismi fiwui1Is All i lh Ibri' 11O4ii IIAO

*fluqggedired Caoe tuelloon ,,iti 3iiaiiel plati iI ratrioce #it it'lilt Ide aj ii~aecI u ai mr 111111 liow

U1111offiIt.Is OIIItto ligh Well slifleallihil. A besic Inhe C411111119 of a j1hi1iocalimude. ilia

ZelifroI r801lli loll icc neSllllieCI slato I tcoide. aindit nulp~ul rht?,5pbgo sKit1S. 111t tult

Hig ZeoDfIon tilollc Is of a rnelin~ riiiiifi stilh it 11114. With nilci of Differ

* Hish neai e 1111181" Insmnw mili a plano-ploteite flt e olle l t nihow. All siri; of till~s

* Fil esons ~pt ore poltalte. 1he F 414.1 Is roapablI of bieing tmltd ot. %%Ithin 3

* alanbm nailChVltolids after pllillo of fle I it poite. hly swillcI'Ing theinls1ceetly hil

*Non-Buiondip calligue to ggklCIil itle~ (iI#N(i) 1111111l 101hheg.

*Plon CouIiig (WlNEilAI. (:1 IA hA(l. MIKi4S1

PercakI urollt .......................................... 0

W~ittil lM,1ote .................................. 5.5Ounhglli

Peia u ol. 2)................................i,10 .4 paliO ir

W oarldo ............(Nul i.......................... . . aten hlfll~t pl

lesh'111 Ilriie..... II 70 nm Inwtltl

(IstIAiilit youiioit..............................Any
A I ImIIII 1 clotifa illiet (Iouall1tl mIii g I........................65
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... .... ... 1:

'I YNCAS..Li iIA (c IiAIIAC I l:umismiRS (11)1 %peci1Ied I tllage)
Suruiyl 'tlij LIC WNait 41

1I411t10itiilOAICI' ........... ...................... ~ Itno 6 KV

A f ..................-................... II.I3-100 A'41I11

PiiItele'toI NilI .......................... 15(1 Io 200111111l~

I 1 eic ...................................... 25 1eationci

411111111111 ............... ...................... I 75 /IS/ilflhltlt

1 n111llll,~ 4*1im, sla ai~plsic ~ .......................... '. -9

NIAthiilllilu iOl Level Imoic 7) .................. 5 X~ Iulirmh(anllm

11P44114111011 18818t INmIlS A) ...................... 1.20 1Ie,.miul1lllli

1t4i411 mci hoaillelll Im mI uaillsl)........... I X to-,' flnefti Ciff)

F %KI1cceII si ll~ *ai 1.1 1k ailnillo OW, aneilt 11lite Ilile I)lc liitl 1,,e ewic be

roil Swpiii.q(.1 i 01:~ 11 ItS "IU I Uil I MIE

UF .111E US;A,

nV0/00 ELECTRO-OPTICAL PRQDucfrS DIVISIONI l
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F4144, F4 145, F~4150

NOl IE I Othert PtsottscaIso1dual IrI fill sltcllinsn rn IIIts.,11111!11 S-1. to
P, il sle deietituon sold conivection at 5.04 it ilmgusaid CI I, fCii estissostt fill
Al.Zal UV saispllcelioeut.
NOIiK 2 F~ier toistlu. qulartz, AIlgi', or othier nslitai at aiaobie use slittiel

lorder.SPECTRAL OUTPUT
Nil IT 3 Otiher foiphss~ioru availale lse Alorclol uite. P-20 PItOGPHOIA
NOl M 4 i'nucer Stspgslis cast lt tote as I ItseIi1past fit (ilobite a Iseusity. Ustraiele too -

sld 0)c Itser isaplirae art avallattle a2saeplearae liilts.-- - - -

NOTE 5 D~efined Its lite ratio of life Itutal tsssnsssss Itoinie lite IlsImlii, - -

screten htillist tol11111i11isi0g11 flusx 1lcli (III Ilse 1.isqlores lie)( fepam 5itas ids
2,8.W~ K Itssg~itts tassslt. si sisetsrid us iill, a jIssissslei at tLtO 1 0111i 0 11 tos s
In1put level of I X I"~ (Ilc Ilekl all tsi sle~isse lia 11 oxissil y- - --

focsed cisassist isgender tube prossdei a %aslaisi, lube gain by latjhtig fit 0*.-

mtlctoctsalinei litl valtage. --

NIE 6 I'lirori Is ittdegalaill of rcsnltissurs (t51 rom e.o~sg s scem. 1 0 - --- -

Ittehotlisi Is isseaillsrs 1%11l1 5 X We flocticansell Im lit il11isocio e os to o
delerasidia linditsg, or 5 per cssil Al I Ficet, w~ilh ap 100) ~~ stwoe toilost ISO tpl3. II 04,- is- ,s

NOTE. 7 ror eostilasusm suetilui. tis imlie titer be xcetvat ies mil WAVELE140)Ti - ~iMEOWRS
niagisitise highser (rt pused ulieratiss.
NOTiE I lislsmsn olsijist briglalnless 0W al al lbe Schrled &csegs l1se tihs
%%ill rasiif e hot 1.2 Footlatsutrt under U.C. operatling condiitin.

TYPICAL SATUIIATI0II CURlVE TYPIC;At. GAtN CIIAnACICnISTICS
OF PII0XIMITY FOCUSED' or PRIOXIMITY FOCUSED

MICiIOCI IAIINEI. WAFEII lUSE micfloctiANNEL WAFEII TUOE

- /-

Ina/

V) to' -p' Z

w
D0 le 0/

0 /, - 1,0 in'-

10 / !/ -,J
.01 -. IhUT It .L1sMINAIICE

INPUT ILLUMINANCE (FOOl CANDLES) 1010CAD

WCP P01 EN I tAt. (VOL 1 5)

nEV 0/00 ELECTRO-OPTICAL PRODUCTS DIVISIONlT
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F4144, F4145, F4150

TYPICAL A13SOLUTE
SPECTRAL ncESrOUSE CIIARACT FRIS$TICS

ADA C IA 0 riA - -MAX 1.4111 IIi

U111111110131 AIA lil linlin F4144 Vqmmea F4143 4Oiim 4150 tholl.
A Amalarn diameter 45 53 71sti

("Iiti polling)
a Lengthi (.nmrldnaJ 21 21 24 jmil
C t.40ble lliolucailsade Apcrluro Is is 40
1) lUwolole Sect.., Apuilure Is is 4

flufff*J Wright 60 194 If$ grains

flEV 0/80 ELEcTrlo-oPTCAL PRODUCTS DIVISION ITT
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L PRODUCTS DIVISION -un, Wtt' J-

3700 East Pontiac Street -PROXIM ITY FOCUSED CIIANIEL INTENSIFIER TUB
P.O. Box 3700
Foil Wayne, Indiana 46801 TUBE S/N XXII 0966

1.0 OUTLINE DRAWINGS TUBE TYPE F4145

.r .422 j~CsTe/Q/P20/F
2 -- 2 DATE 09/28/89

max. useable
di aperture 5.0 CATHODE SENSITIVITY

N/A ua/luinen

2.0 ELECTRICAL SCHEMATIC (see sensitivity curve)

Phot - MCP -_ _Phos rho 6.0 RESOLUTION

catN/A 
ip/iiwn

@ MCP volts

7.U LUMINOUS GAIN

LP L L3 L4 N/A

3.0 LEAD CONNECTIONS

LEAD COLOR ELEMENT 8.0 GAIN UNIFORMITY

I Blue Photocathode (,ieg.)
2 Red MCP Input (neg.) 11 %

3 Orange MCP Output (neg.) " gain

4 Yellow Phosphor (ground)

9.0 EQUIVALENT BACKGROUND INPUT

4.0 TYPICAL OPERATING VOLTAGES * N/A lumens/cm
2

ga in

Cathode to MCP Input 180 volts
MCP input to MCP output 1610 volts

MCP output to Phosphor SK volts
* voltages for 30 ke- gain

4.1 MAXIMUM OPERATING VOLTAGES **

Cathode to MCP InpJt 180 volLs

MCP input to MCP output 1766 volts

MGP output to Phosphor. SK volts
** voltages for 40 ke- gain

4.2 Use with power supply
Model 1 200057 S/N 0110

Power supply setso that when Vcontrol w 10.0 V,
Vmcp a 1700 V. The product or the photocathode
current apd the MCP gai, must not exceed

0.1 uA/cm-
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-PROXIMITY FOCUSEO CIIANUEL INTENSIFIER TUBOE-

Tube S/N XXII 0966 Tube Type r4145 Date OW9fS/89

MCP Conductivity 33x t-6 amps @ 1K volts
Photocathode Sensitivity Ni/A ua/L 9 _______Lumens

Photocathode Type/Window CsTe. Phosphor Type P-20

Photocathode Voltage 1S0 Phtosplhor Voltage SiK

GAIN CHARACTERISTICS @ livInu

6

IxIO H

5J

GAIN-

IX10
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APPENDIX E

AYDIN VECTOR TRANSMITTER TECUSICAL DATA

I T-1 00-TV SeriesAYIN AVECTOR 1 UHF Video Transmitters1

* Availables In 2, 5 and 8 Watts Minimum Power
a Video Response
% Widebanrj Deviation

I internal Power Line Regulator
*internal Output Isolator
*Meets tRiG 106-80 Standardsal

The Vector I- 100-TV Series are solid-stale, crystal stabilized,
true FM telemetry transmiiters capable of transmitting-
analog or digital multiplex signals. These transmitters are
designed for extremely reliable operation when subjected
to the severe environmental flight conditions of missiles,
space vehicles and aircraft.
The Internal modules (modulator, series regulator, power
amplifier, multipliers and filters) are housed In separate
machined enclosures 1o maximize RF isolation. Com-
ponents are deraled from the manufacturers rated values
and all semiconductors undergo 100 Hrs. burn-in at
100'C, to Insure reliable operation while meeting the
specified output power requirements under worst case Power
conditions. Voltage: 28 ±4 Vdc

Current:
T- 102-TV 1.0 A max

ELECTRICAL SPECIFICATIONS T- 105-TV 2.0 A max
Output T- 108-TV 2.5 A max

* Frequency Range: 17 10 to 1850 MHz Reverse Polarity Protection: Yes
1435- 1540 MHz Power Return: Power return common 10

(S band optional) case
*Frequency Stability: ±0.003% ENVIRONMENTAL SPECI FICATION

Power Output: All performance specifications will be met under the
T- 102-TV 2 watts min I onlowng conditions.
T-105-TV 5 watts min. Temperature:
T-108-TV 8 watts min. T- I02-TV -25'C to +85C baseplale

Antenna Compatibility T-105-TV -25'C to +80C baseplate
Output Impedance: 50 ohms T-108-TV -25"C to +70Z; baseplate
VSWR (load) 1.5:1 extended range optional
Open/Short Protection: Yes, Internal Isolator
Harmonic/Spurious Vibration:
Response: IRIG 106-80 Sine 20g. 20 to 2,000 Hz. 3 axis

Shock: 50g for I1I macc Vt sine.
Modulation 3 axis
Type: True FM Acceleration, 1009, 3 axis
Sense: Positive Altitude, Unlimited
input Impedance: 75 ohms Humidify: 90% RH
Frequency Response: 10 Hz to 6 MHz *1.5 d8 EMI: Compliles with IRiG 106-80

(to to MHz optional)
Optional pro-emphasis In MECHANICAL SPECIFICATIONS
accordance with CCIR-40S) Dimensions: See Dwg.

Deviation: :h6 MHziV rms (increased Weight: 16 ounces/0.45 kg max
sensitivity optionai Volume: 11.5 Cu. Inches/ 188548.0

Deviation Linearity: 2.0% max BSL lor 16 MHz Cu. mim loss connector*
deviation Connectors:

Modulation Distortion: 2.0% max for ±6 MHz Power Bendix PTIH-8-4P2 maee
deviation with Bendix PTOGA-8-4S

Incidental FM: *10 kHz MOD Input SMA .250-36 UNS-28
Incidental AM: 2% max males with SMA male
Modulation Return: Modtsinlion return common RF Out put TNC 7/lB - THE) mnlfls

to case with INC Male
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Pin Connections: A) +28 Vdc Outline Drawing
8b N/C T.1 OOTV
C) Power RTN MKTN MD) Chassis Gnid /0 o .ttiNA.u

OPTI ON S
Frequency Range: S and L-band. specify center

frequency c
Frequency Response: 10 Hz to 10 MHz.
Pre-emphasis: in accordance with CCIR-405
Deviation Sensitivity: Higher sensitivity available -Modulation Type: TTL compatibility 8So
Extended Tamp: -40tC to +85*C

QUALITY CONTROL AND PRODUCT
ASSURANCE 0
The Vector T-100-TV Series transmitter Is manufactured
under strict Oumlity Control procedures in accordance
with the requirements of MIL-0-9859A Additionally, all
semiconductors and integrated 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 no n
.vhich Includes full performance testing at the thermal
extremes, 16
,Vector has participated In numerous '"hi-rel" aerospace (3 all

programs which have required exhaustive component
screening, preconditioning and selection procedure&.(~
These "h-ref" procedures or specific customer generated
requ i.ements can be Invoked in t he m anu factu re of t he T-i
100-TV series transmitters if necessary. 2 -

t3 al Z1 155 asR

(43 S0l
POWER CONNECTOR R I, OUTPUT cONNECToO

ORDERING INFORMATION -EDI PTiISO-4p - V, Tc - s GTHO

When ordering specify series numbei and exact operating .405 ! ag

frequency in megahertz. For special applications or (o0 290 51)
additional information, contact Aydin Vector or the nearest
sales representative. 134 .. K5)s..

13403 MOR MOOULATION1 hPU f

COrNNCIOQI

DiesosIn ches (Imm)

Bulletin 271 25/11ev.11/15/85/2Mii/Prlted In USA

AYDIN VECTOR DIVISION
NWON NMUSI AL COMMONS3 0 P.O.So. 328. NEWTOWN. PA 18940-0320 ( 211055-4271 * TWX: 510-57-2320 * FAX: (215) 965.3214
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APPENDIX F

POWER SUPPLY TECHNICAL DATA

RESEARCH SUPPORT INSTRUMENTS. INC.P,,o.4E 1 %- f-91

Item No. OOAK

LOW VOLTRGE POWER SUPPLY

RSI MODEL 428-211

The RSI Model 428-211 is a low voltage power supply which
operates from a nominal *28VDC input. The output of the unit is
*5V and provides up to 10OOmA. A current limited output monitor
is provided in parallel with the output voltage.

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

SPECIFICATIONSt

Input Voltage ................ 24VDC to *34VDC
Input Current ................ 70mA (no load)

50OmA (1OOOmA load)
Output Voltage ................ *5V (+-S%)
Output Ripple ................ < SOmV
Ot-tput Spikes ................... < 7SmV
EfZiciency .................... >30X at full load
Converter Frequency .......... Nomihal 10KHz
Operating Temperature .........-20 C to *70 C
Storage Temperature ...........-40 C to 85 C
Line Regulation ............... 021/V (no load)

MECHANICAL:

Dimensions .................... 1.0 in.X 3.0 in.X 3.5 in.
Weight ....................... 300 grams
Mounting ...................... Four (4) size six clearance

holes
Connector ..................... Cannon DAM ISP

OPTIONS:

Voltages other than +SV upon request.
Potting or conformal coating upon request.
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-esea -c 1 sLA lP 
j .z.r t [ r, st br-,-Arne, 

, 
_

T e t e $Z>r - .W-t o4- t

,Model Nurmber -A

Serial Number -12MI;'

Vcltage Inout _2°L2L-V

Input Input Output Output Monitor Output

Voltage Current Voltage Current Output Ripple

(V (mA) (V ) ( MA V ) ( mV)

28 38 5.Z4 0 5.24 20

28 74 5.23 100 5.23 20

z8 18 5.21 200 5.21 25

23 147 5.u 300 5.20 20

8 137 5. 13 400 5. 18 25

28 :24 5.17 500 5- 17 .5

28 259 5.16 600 5.16 30

28 -97 5.14 700 5.14 25

a8 337 5. 12 800 5. 12 25

2a 380 5.1" 900 5. 11 30

28 4 0 5. 09 1000 5. 09 30

Not es 2

I Unit should be well heatsunk.

2 Urit l,:,ses reaulaticon at 24. V ijout.

si griature

Date 1 -7 85

Diskzwptest File:wo122503. rrna
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I 10610 DEVE AM RA.CKESIL.MARYLAND 2 '030
)II SPHOLWE 301-785-6250 FAX 301-785-1228,

Item No. 0001AL

DUAlL TRACKING LOW VOLTAGE POWER SUPPLY

RSI MODEL 441-193

The RSI Model 441-193 in a dual tracking low voltage power

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

SPECIFICATIONS:

Input Voltage................. 24VDC to +34VDC
Input Current................. 70mA (no load)

840mA (400mA load)
Output Voltage................ 15VDC @ 400mA

-15VDC @ 400mA
Output Ripple................ Less than 25mV
Output Spikes................ Less than lSOmV
Efficiency.................... 60% at full load
Converter Frequency ......... Nominal 10.5KHz
Operating Temperature ........- 20 C to .70 C
Storage Temperature .......... 40 C to +85 C
Line Regulation.............. 0.02%/V (no load)
Load Regulation.............. 0.01%/V (400mA load)

MECHANICAL:

Dimensions.................. 1.0 in.X 3.0 in.X 3.5 in.
Weight.............212 grams
Mounting..................... Four (4) size six clearance holes
Connector................... Cannon DAM-15P

OPIONS:I

Voltages other than Z5V upon request.

Potting or conformal coating upon request.
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Tes 4EP in- F or3cz -t-

Model Number 441-13

Serial Number p

Voltage Input _OLV

Input Output Output Monitor Output

Current Voltage Current Output Ripple

(m) (V) (mA) (V ( mV)
4. - 4. - 4. - 4. -

47.7 15.0 15.0 0 0 15.0 15.0 10 10

290 15.0 13.1 0 300 15.0 14.9 10 10

290 13.0 15.0 300 0 14.9 15.0 10 10

536 13.1 13.1 300 300 15.0 14.9 10 10

716 14.9 14.9 400 400 14.9 14.9 10 10

Notesa

I Unit should be well heatsunk.

2 Unit loses regulation, at ?5.0 V input.

Si gnatur

Date 11/02/9

Disk:wtest File:wp122508
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RECEIVED OCT -3 19

HV POWER SUPPLY GEM 11
Grounded Anode

Gen 11 intensifiers X.......

2.500 3.750

.500 Comm__________

Model :2000-57 +5v csa th

~~ mc p

0-10v anode

c vol tage control

o Grounded Anode Goi-ri II outpuits
o Adjustable cathode,* mc p-i ri, mc:p-out , arnd ABC l evel
o Ext MCPF voltage control
o Ext resistor select - ABC max limit for desired tUbIC' dia

cathode voltage min adjustable range 100 to 240 vdc,
cathode series resistance I Gohm

mcp-in voltageF. voltage controllable to 2kv max vdc
may load currnt 20 uA

m:p-out voltage a djustable 3000 to 6500 vJC
brightness cur-rent limit .05 to 5 uA

anode output ground return potential 0 Vdc

temperature oper at ionl I-55 toc + 70 C

mechanical 4-40 inserts bottom surface corners

190079

I K Gr-oun~ded Anode Genm 11 200057

iG B S ' A I GES 07-27-86 N/A B.
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PS 200057 Test Data Sheet

.............................

+ RTH M H
MCEP- IN IMEP-OUT r

a-IOU, MClP-OUT SIN+
ROe

...... %T hookup.. .. V

* 11P-N RTH CRT bflDUv
* . ITEP ...UT51Ni

By ..ZQ .. .......... C
Test DataA. at Deiey S/ .DCe:B

Cahd vltgvola .2sQ. - VDC

2v 22 - VDC

3. Mcp-out voltage a no load - VDC
6 1uA load - VDC

4. Rabe set value ..... megohm
ABC adj pot set for I-limit of ---- uA

5. Input current @ +5Sidc a s5 ---- mADC
6. Burn-in --- i hrs
7. mechanical and visual --- check

90126

" PS 200057 Test Data Sheet Df 200123

L:G B A r GS S AI02-16-87 /A 1 VA IH 1 OF
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Operation ard Instructions

PS 200057 grounded anode standard GEN II

1.0 General

The model 200057 power supply is a small DC to DC converter which
converts +5 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

2.0 Power Supply Inputs

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

1. Input voltage terminal +5 +-.5 vdc
2. Input voltage return terminal (gnd)
3. Voltage control terminal 0 to +10 vdc
4. Cathode output adi pot
5. MCP-IN output adi pot
6. MCP-OUT output adi pot
7. ABC limit fine adjust pot
8. Rsel resistor for gross ABC limit adj

3.0 Output Connections

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

I. Cathode output typically -175 vdc with respect to
the MCP-IN output lead

2. MOP-IN output typically*.-1500 vdc with respect to
the MOP-OUT output lead

3. MOP-OUT output typically -6000 vdc with respect to
the scireen output lead

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

4.0 Voltage Control

The MCP voltage applied to the intensifier, is provided by the
MOP-IN and MOP-OUr outputs, which is tormed tte MOP voltale.
This voltage can be remotely varied from approximately -400 vdc,
( the oscillator drop out level ), to -2000 vdc, by varying the
voltage applied to the voltage control terminal from 0) to +10 vdc.
The +10 vdc results in -20110 vjc M(:p volt ge. An ope-n at the
voltage control terminal results in a 0 vdc MCP voltage.

90123 K PS 200057 uperation & lris ru;.ctions IN 200122

G A on DI j A" 4-19-83 scAL N/A FAv A I 1 I 3

FORM F1500
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The -2000 vdc MOP voltage when the control voltage is at +10 vdc,
can be lowered to near -400 vdc by adjusting the MCP-IN adjust
pot counter clockwise. CW increases MOP voltage toward -2000.
COW reduces MCP voltage toward 0 vdc.

5.0 Cathode Output

The cathode output is adjustable via a trim pot. OW increases
the output to -250 vdc. CCW reduces the output to -100 vdc.
A cathode current limiting resistor ( I Gigohm ) is internal in
the power supply, and will drop the cathode voltage as excess
tube cathode current is developed in high illumination conditions.
When the cathode current, under these high current conditions,
falls to approximately -3 vdc with respect to the MCP voltage,
a diode in the power supply, shunts the I 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 -8000 vdc. This high voltage is 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 MOP-IN voltage. Caution is recommended
in the testing of the power supply, ard in the tube connections.

6.0 MOP-out Voltage

The MOP-out is the votage provided for the intensifier ,.t-creen,
and is -6000 vdc typically. This output is connected to the MCP-OUT
intensifier lead. CW adjustment of the trim pot increases this
voltage to -6500 vdc. COW decreases the voltage to -3000 vdc.
This high voltage is developed in the power supply by a stack of
voltage doubler circuits. This multiplier circuit is resistor
returned to gnd, so that any tube screen current flowing at any
time, must pass through the resistor. A voltage is developed across
the resistor, and is proportional to the tube screen current.
The voltage developed, is compared to an ABC limit settin!.i, and
will shut down the MOP voltage to the tube, if the threshold level.
is reached.

7.0 ABC

The R-select resistor ( externally available as Rsel ), is used to
sense the tube screen current as de.scribed in paragraph 6.0.
The power supply comparator for ABC, has a threshold level of 1 vdc
and will shut down the MCP voltage when the Rsel voltage reaches
this I vdc threshold. The choice of resistance for Rsel, thien can
determine at what tube current, shutdown Ls desired. Typically,
Rsel is chosen as 1 Megohm, SO that it allows ample current for
normal tube use, but limits screen current to a maximum of .1 uA.

.90liq

B PS 20057 Operation & Instructions 200122

G BS A "'" DH I 4-19-83 N/A V A [I .1
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The ABC trim pot allows fine resolution of the threshold voltage
used by the shutdown comparator. CW increases the threshold to
1.0 vdc. CCW decreases the threshold voltage to 0 vdc. In this
manner, the ABC pot can be used to fine tune the limit current
circuitry for use as an automatic brightness control feature,
( ABC ).
The power supply has a 22 Megohm internal resistor in parrallel
with the external Rsel.
At delivery, Rsel is set to 1 Megohm, and the ABC pot is adjusted
for so that I uA of screen current reduces the HCP voltage 50%.

8.0 Mechanical, Leads

The power supply chassis is glass epoxy with TRV potting internal.
There are 4 Mounting inserts on the base of the power supply,
4-40 inserts.
The output leads are silicone coated teflon insulated stranded
wires, reated for 15kv.

9.0 Processing, Burn-in

Standard processing prior to delivery includes 24 hrs of operation
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.

LO.0 Test Circuitry

Electorstatic voltmeters or equivalent high input imp.edanr.ce
( ) 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 verifi c tlon. This voltage should not
exceed 5 vdc, the input supply voltage.

PS 200057 Operation & Instructionr U 200122G BS oo A my D14 I K N 3 3

FORM F 15001
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APPENDIX G

DEUTSCH RELAY TECHNICAL DATA

SERIES DJ

--ii ria io ws t impressivoe list

of !eitures in the industry.

F:~.2Ij E S. _ _ _ _ _ _ _ _ _

cl- The tong thin Oemi.J coil approaches.the ideal shape. it do-
ivers11 mote ampere-turns par watt. Thin-well bobbins increase

efficisticy and improve thermal conductivity - two assufrnceS
of0o,0 rliable relay life.

Contacts 1AWe unique traped pressure contact system absorbst the
kinetic energy of the armature and damps the reactive 14O~cS

____________ which helps to reduce bounce and prevent crossover.
Size -- Standard halsize crystal-case. __________

Sealt ____ QI aqIc laes thI1 slO' Cc/sec.______
Weight 0.35 ounce mxmm

-!5R FO R-MA'\C DETAILS:
Switching times 4 millisaconds maximum at nominal coil voltage at 25 degrees

C: the addition of an arc-inhibiting diode across the coil will
incraase release time to IS milliseconds maximum.

L~~e 10.0 operationsi with a 2 ampere contact load.

Reftbh -d~aed tomeet MIL-R.5757 (test results are avaislleq).

COMtac ratIMg Z amiperes resistive. and I ampere inductive (100 mulllloules
maximum Mtorel! inductive energy: time constant 6 mlli-
seconds). Contacts can withstand 4 amperes overload for 100
cycles without exceeding specified contact resistance. Avail.
api for low leve switching.____

Contct ralatnce 0.05 ohm maximum Initially. 0. 10 ohm maximum after rated
___________________life. ____

Dilecetric strength 00vltrm.00vtsbwenopen contacts and between
coil and case. 350 volts between terminals at 90.000 teot.

Inslaton esitane 100 eghmsm~nmum(10 vots c.25 degrees C. 50
percent relative humidity maximum). _________

Power requirement fi5'ullwatta maximum at piinat 2 degrees C.

RON,/, ENTAL rPECiiffiAT(-NS: _____

A " m,5to 30M Cpa.

Actelertion Reoay will operate while being sublacled to a torce of 100 g's
along any axis.

General Hrmetic Seal assures conformance withoiher environments
_____________ such as fungus, sand and dust, humidity, altitude. et.
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APPENDIX H

ANALOG TO DIGITAL CONVERTER TECHNICAL DATA (HAS-12 02)

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

HAS-0802/1 002/1 202
FtATURES3 HAS.UOIOVhIM FUNCTIONAL BLOCK DIAGRAM
C40eed"s Times as Lo. .s 1.21._______________

1Reohalen- S. 10 and 12 ~SM
laosspole Accuracy. 0.012% of F. S.tMWs

CantIRd in Qss or Asecal 32-Pin DIP
Aduammet-Froo Operation
APPLICATIONS
Wamaloom Analysis
Fat Fauier Transfors

CIKU.AL DESCRIVTION--
With a typical conversios ime of only 2.2ps for complete 1i--
iestilone. the Atual Devcs h1AS muks hybrid AID eeow- '-

rnte among the fastest. rnalkas. most complaes:se ssiuve- ~ au.-a.a.m

"Ioximasioit AID's Available. liosed in J12-pim DIP packages.
6Mu eemversetr ean, lser trimming fat accuracy ad line-
ul., surpassing she heat modular comnpetitive AID*%. This Wetems care in circuit layout sould be exercised when using
sses elf., a asila cussiination of flexibility anal simgshi- these Isyhridisarder to ulslsin rated performanrce. in panik-
sky erhich allows til"'I cts ut uwee as stAndl-slrase All) con-s uata, inaput is$ eoutput runs sisould beeso shoes as possible.a
oes$i requiring nos addlrnaeunal ex ternal potentioesates and Scfasnd psm souild be wood tosleA gpousnd pias togethser.

areiig only en analog input signal and encode commend . an5d power suapplies should be bypassed as cloae to the hybrid
lt opetatean. circuit power supply pins as poasible. Do not allow input or

The I(ASIZ1O0 AID lesturcssan accuracy of 0.0 12% and when other analog aignal lUnas to be in close proximity to or cross

rahined wite an 1ITC-0100 track-and-hold. forms an AID over ansy digital outrput line.
coeveraleas syatem capable of up tu 3501ckis sampling rates.

The HAS series AID's sce ideally, suited for applications re-
liing excellent performance characteristics. smell ese, low
per consumption and adjusment-6ret operation, Some of
dust appikationa includet radar. FCM. dara-aseqssiaition. and
fical-sgnl-peoceuosg systems where lYI'1" and other digital
preewssing techniques arc to be performed an analoig Input

ANALOO-TO-OGITAL CONVERTIRS Vni.. tO-20
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SPECIFICATIONS (typical @ 42VC with nominal volteatnurtls othartmil noted)

VMO UNITS H4AS000 045-.*0I HAS-113

RaSlltUTIN %ITS a to Is
LEE ,loo 111 RU*kh 0.4 &1 #Ass

.V 40 14 1
AALLAIVI ACCURSACY III.*4.UU*#0 LIN&ILITT % 01.* bk 0.3-..

G...d..*6.. I.- LSO '11 !.-' -

LUIEAT V& ILMMEATURE ,,..tC I

I"I 05851? VOI.TAI4

aS"dnN~b O to r T.,... 4

GAIN SAWAR
3.6ithldibto. &h&,*1%..kl 0.1

oilpM staded Ulgiwm V 90.1% to0.14
DOW-. V. '11,016 Is.

e P.p.4* (St. pip. 3) V.0a.. *5.. -it. .10. Ms.. 23.73,61.1.till

V T- Tm.9oIck k.
04ovIRSC TIME ICOWLIETE CYCLE TIME) N. ... IOiP5 1.5 *3.1 1.,11.05 I 25

C@4VI3U00 RATE hit, 6I. 44 MO Pil

mIwOE WumMA)I - TTL LOGIC INPUT
b (11IAWI im.I *1L44Or - 0 0 .0..o0 ."I"o 11g. 5

lo.IoIIo' "I ERe* Cosoowo

Lo4~ I S,.A.4o Tyl. LI.d,

11g0.m thim .. qiw4. .

VANI .04* Fir", I *.1. so~ oh,
.4600.0 IN5,4 IP Sllwisil

-C lwa. ,r-S4 m

S..oo0b .... C.y*0

:14.ttmi11.1FI-Ao*lob4bl. A5 Is..

KIM). :cW o" 00 o .pN l0
* i .11*I*..

mcmt rncl IVIA(mk . .*I...

045=o5Ibt1Ad.M. N. 00 4 -

VOL. C 1-52 a.AOO .111CNV111

,ACEOi~I ISS (.~ *4446 IYIC1139 .*p



Table 1. Output CVM.

SCALE INPUT OP IITC-O00 INPUT OF IIAS. 102 DIGITAL OUTPUT

UNIPOLAR OPERATION
FS-ILSB -10.2375V -10.2175V ! I I I III

/4 F1S - 7.6800V * 7.6800V I10000000000
III FS - S.1200V + S.100V O0000000000
114 FS - 2.5600V - 2.5600V 010000000000
'ILSS - OO0V * 0.002$V 00000000000I
0 0.OO0V O.000Y 000000000000

BIPOLAR OPERATION
f FS-ILS9 - S.1175V + .1175V III11IIIi
0 O.OOOV O.OOOV 100000000000
-•'S-ILS8 * .1 171V - 5.1175V 000000000001
-FS + 5.1200V - S.I200V 000000000000

*Cod-| etd lapw ket h-. se for IIAS-120. I'm 5 *Ad 10.bk
AI)'s the liput |cle we le by the v.Weet of hte LI welghu tOe
euk type, end the diigel ouetpet wI show only I oe I0 bite reyetidwly.

PIN DESIGNATIONS

HAS-12020

PIN FUNCTION

1.30 DIGITAL GROUND
2,9Z7.31 45V
3 DATA READY
4 +16
5 SIT 1 OUTPUT (MSS)
a BIT 2 OUTPUT
7 BIT 3 OUTPUT
a BIT 4OUTPUT
9 BITU5 OUTPUT

10 BTOTU
11 BIT 7OUTPUT
12 BITS8 OUTPUT
13 BIT 9 OUTPUT-
14 BIT 10 OUTPUT
16 SIT 11 OUTPUT
is6 BIT 12 OUTPUT I LS8I
17 l,1 ANALOG GROUND
20.32 ANALOG GROUND
21 0/A OUT
22 0AI
26 COMP INPUT
26 ANALOG INPUT
28... -16y
29. flIPAR OFFSET
32 1 ENCODE COMMAND

*HAS.1002. PINS 15 AND 16 ARE NOT
CONNECTED INTERNALLY.
HAS.062. PINS 13. 14. 15 AND 16
ARE NOT CONNECTED INTERNALLY.
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*INPUT RANG1 III Rx zv Sui

DT o, .SV. S2.5V Sh1ORT noG ING IIS
G~~lA ~ to *7.)1V, 1).71V SHIORT 300 so SI

L.4~0 to *ISV. t7.5V 300 OPEN ISO* 1IEw
0 to -IQV. I IY 1000 OPEN 2009 14EV

two)t Inputa CorsnoctIil* For OptCJal Irw I*" m

(Lo ANALOG FINE ADJ

TIMING SHORN FORn IAS.Irter. TIMING ISSIMIL.AR FOR NAifl AND SIGNAL a

HAS-OW EXCEPT LS IT S10 D 8,ESPECIVELY, AND TOTAL 50HASQ412
TYPICAL CONNVERIIGN TIM IS MO. AMQ lbI.. 0REWSTIVELY. HAS iNS

STANDARD Fy~3 ulSaTi
,1024V F"IFl ckTk
INPUJT

Boll I-T APPUICATION CIRCUIT

OPTIONAL 0 TO.111LO0 12%
MANGE WITH Is

CAIN ADAUSMT019,1 it

23 NASICOR0
ONOPOR HAS-i20
UNIPOLAR 24
RANGES

UNIPOLAR RANGES O 100FR ~ 2
UNONO 29 AND 'rigT

I I FOR DIPOLAR INPUTS

2

f SOPTIONAL aFF34T 'AF_ i Fir 4. Do to 360Ht, 12.811. AID ConwoletSi"P

NOTES: REIGINOMTO
1.THISCIRCUIT SHOWIN FOR UNIPOLAR 101O-10.2$VI OrderIdn me INORATION IA-02,o IS-1JW

INPUT. W INPUT- 000000000004: .10.24 INPUT * re oe ubrIA00.IAIO.o IS2Jk
II IIIII tIl ilt 8111 10-, or 12lbit operation. reSpectnwely. MAtiia C01,0IIIIN

L FOR SIPOLAR IXLI2VI INPI47. LIEGROUND PIN 2S AND the IhAS scents A/DEs is model nsumber IISA.2. Metal naIll
CONNECT ?IN "5 TO PIN 21. sgso htADws xeddoeaigtme~vtrl

2. FOR EXTIRAPRE1CIS11 GAIN IFULL4CALEI ADJMEMNT. osoftiADwtheeddopflngepltf SI
CONNEICT A lStl VARIABLE RESISrANeS IN SEIE WIHN arc also available. Consult the factory or neatest ARalel
piNs 24 OP KAZ.I. TNIS WILL RESULT IN@0TO.00101V Devices' sales office for further information'.
INPUT WITN AO.IUTMEN? RANGE OFPY 0% OFPULL SCALE.

4. FOR AXTRA.PRICISS ZERO OFFST IOAUSINT. CONNECT
INN RESISTOR F11OM1 FIN 3I TO THE TAP OP A (Olt POTEN.
TIGMETIR. END TERMAINATIONS1 OP POTENTIOMEaTERl CONNECT
TO .1EV AND -ISV. THIS ZERO OPPEET ADJUSTMENT WILL
HAVE A RANGE OP APPROXIMATILY S501V.

FleurvZ2 Input Connectlws, For S1SiTarI Input AFWe

Y01- I 10-29d ANALOO.TO-OAOITAI CONERTERS
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APPENDIX I

FIFO TECHNICAL DATA (IDT 7201/SA)

CCMOS PARALLEL IDT 7200S/L
,FFIRST-IN/FIRST-OUT FIFO IDT 7201SA/LA

-sw iiow 256 x 9-BIT & 512 x 9-BIT

FEATURES: DESCRIPION:
" Fkv*I.VFMku-OuJal-por memnory The IOTT2WM721A weam lpor mernorles; rat utilfze a ape-
* 256 X S organization (101720) clal FWr-NdFb*it-OA aIQ ftl that loads end emrpties data ant a
* 512 It0 alzatian (10172011 flrm-lkt-A bels. The devices ume Full and Empty flag Io Pro-

vent data oveflow "a udullow end eaunsin log Io allow for
" Low pw cormxrption united eomnsion copely In both word afte "a depth.
" Ultr high~ speed-3mr cycle tlflt (28.5MHz) The redsend wilt are fernallysequewlairtvagh tnesed
" AaWiVhroW and S~rmultaneoue read and write rk pointrs with no ad~ue Irorntion require Ic load arnd unt-

" Futy mWW by othworddeph aror it wdthloaddaoel IUi 1gg-e dnMo tiedevicas Ovought ihs we
* F~ll Sa~sdableb~' b~ W~rdde~ti"~ of toe Yfts AW and Re (A) pOns. Th devices have a rMrLwt

" 10T720 and 10T720A ame pin and fuctionally ownpate wih cyl time of 35se P2S.MI-z).
Moetak MK4501, txA with Hait-Full Flag capability hIn s~nl Thedevioesullfze a 6*wids data aayo alowfororold
Ae~ FNIode paily Uis at the mete opidorL Thie lai, b especlly wef i In

" MasW/igve mueltiprcessing applications data onnalwos applications wre it is necessary Io Le a
" 80rctioal an rat LN Ier aplicaionsparity bit IlrtamirrssionVepton enr oteddng. f also taus
* B~drectonal nd rte lar aPilcaiorta Rsmnti (9T) ca abiit allows for rese of tie read pointer

" Emnpty and Full warning flags to NaIts al position when FIT Is pile low to allow for rs~wtra -
* Auto retraiwnilt cope ilty aWon front tie begr*In of CIAt. A Half-Full Flag Is available In tie
" NHmrpnmnce CEMOS" to~ology single device rmod iad width empanslonms.,
" Avalle In plastic DIP. CEROIP. 300 mil THINDIP. LOC. PLC The 10T7200/1A ame fabricted! wing lOrs high-speed CEMOS

an la c isctioaloy. They are deeointd for thoee applications requrfngasynchronos and sirmultaneoius readmile Intmilroaa
" Military produict complaIM to MiLSTD-83. Class 5 an rate buffer applications.
" Standard Military Drawlng# 582-87531 Is pending Wkln on Military grade product Is maraliactured In oonplianoe with the

t ftr~wion. Refer to Section Vp&eg 2-4. lateet revision of MIL-STD-4113. Clasa B.

'M CONFIGURATIONS FUNCTIONAL BLOCK DIAGRAM

03 3 im 06 U U W CONTROL 2
08 4 a N 4 332 32 313

DI * 524 07~F Da 21 Do

Do 1 0sr F C it VU O2621 ONE NE

03 - Is Oe 0 1 311 0 1

am is A t IF to o atPA

DIP18f MC/P1ATFLAG

OIII.V FACTORY FIOR COIIACK PINOIJ TO %q9

CUIAOSb~alredemuti of I d Deuce Technalogy. nc.

MILITARY AND COMMERCIAL TEMPERATURE RANGES JANUARY 1989
* "Wai m o ~r.A . eu. cm-m



U)7YOW72@A 130101 PARALLEL
PIVIST-11N11IRSTOIUT FPO 216x ItUT & 512 x "IT IIUTARY AND COMMERCAL TEMPERATURE RANGES

ABSOLUTE MAXIMUM RATINGS "' RECOMMENDED DC OPERATING CONDTONS
SYMIC.. RATING COMMERC111IAL MILITARY UNIT Pvxx ARAMETER mm TP ~xur
VmW. mbampeft I -0.510+1.0 -0.t +?..0 v . Iav 4. 58.0 5.5 V

TA p0 to+70 _1111110+21 *C ac cofaew 4.5 5.0 5.5 V
________ull SuppyVa"O

T TaNysmku -0 f +12 -eswa +13 0C -IID 8L 01110 0 0 0 V

Tm a0,o 0' -af 2 41+5 . 6 olg 4 2.0 - - v

Dc 0Cu~Ip mitl so I 0 W IIQSb Ir2 I t

pe. tems dw e torn bled im I AISOLUTE MAX0WA V) ig

L6:0" MiVy
spclsaon b rio ;11ad Eviprrum 6 ==~n mgnMt W H
mi-afo m, a 'widpolocimy N Awi uabUil. 1. 1.5V uw*XMecwe allowed 1W 10m wre petcycl.

DC ELECTRICAL CHARACTERISTICS
Vaomec -:~ 5.OV *10% TA a OCtIo + 70C0Mifhryi %c -5V: 10%,. 5.C I +125*C)

10T7200S1L 1t7201 IOT720ISA1LA 10T7201 SAILA
1017201 SA/LA 1077201SAAA COMMERCIAL MILITARY

SVKDOLj PARAMETER COMMER1011FCIAL MILITARY V k0 1;6.4 UPII?

M_________ IN. TYP. MAX VIIH. T1. MAX MIN. TfW. MAAX MNH. 1W MAX

oJil 1m*Pcaen Culy- 1 -10 - 10 -1 - 1 -10 - 10 MiA

I'Ml OauA Lasimee C~m~ -10 - 10 -10 - 10 -10 - 10 -10 - 10 PJA

2. ulu Lgcvm 4 - - 2A4 - - 24 - - 24 - - V

VO up oi VVamp -~V~ - O -0 .4 - 0.4 - - 0 .4 - A V

1aeiol Actve Pow Supply Cuiei -2 - 10 - G0 s0 - 70 100 ffmA

o Am 8UVjQilY W -" 15 - - 2D - S a - a I5 mrA

lo, Pwm t Dow -umr 500 SOO - - SO p

Po DO -uW 5 - B - 9 mrA

2-. RtV. OA SVS 14

4. Testid sf -20 MHz

W62
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IDTIIM2A C&M PARALLEL
FISTIARSTCIJT I" M x94T it 1 9-W3 MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS
jr vvt:l Vm- V *10%. TA w9C lo+00ila,% - 5V 10% T -56C to+ 15C

NIL L CUL NIL MILITARY AND COMMERCIAL

4. I PARAMETE 720-IX 711013@ Tlsi 72@1z40 r211a50 "a,," rals 71101039 UNIT

MO________ IL MAX MIN. MA IOLMAXWO M AIL MON. A MON. MMN. MAHIOMAX_

-j6Pn~s -26.6 - 2- 2.2 -20- It - 2.6-10- 7 MHz

tm PAW Okm* rw 36 - 40 - 4 -50 - 0 - so0- l0- 140 -r

'A DosaTh - 25 - 30- 36 -40 -60 - 6 - WO -120rn

PA RmRam ml rm 0 V.s 10 -SO - 10 -16S-15s- 1 - 20 - re
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APPENDIX J

OCTAL LATCH TECHNICAL DATA (CD 54HC373)

Technical Data ___________________________________

CD54/74HC3739 CD54/74HCT373 File Number 1679

CD54/74HC573, CD5'4"74HICT573

High-Speed CMOS Logic

D0 Q0

01 -0 1 Octal Transparent Latch, 3-State Output

00 Type Features:
*Common latch enable control

9 Common 3.s tfa aulplit onabto conitrol
-00 Btiflored inpuls

*3-Stafe outputs
rt : Bus line driving capacity

OT 9CS- 3858 3 Typical propagation delay t? 12 s @ Vcc 5 V. C 15 pF r^ 25* C
FUNCIONA DIARAM(Data to Output for HC373)

The RICA C054/74HC373/573 and CD54/741ICT373/573 Family Features:
are high Speed Octal Transparent Latches manufactured a Fanout (Over Temperature Range):
with silicon gate CMOS technology. They possess the tow Standard Outputs - 10 LsTrTL Load$
power consumption of standard CMOS Integrated circuits. tOus Driver Outputs. - 5 LS TTL Loads
AS Weil as the ability to drive 15 LSTTL devices. The 9 Wide Operating Temperature Range:
CD54/74HCT373/573 are functionatly as well as pin CD74HCIHCrT: -40 to -851C
compatible with the standard 54/74LS373 and 573. a Balanced Propagation Delay and rronsitoon rimoi

The outputs are transparent to the Inputs when the latch a Signiticant Power Reduction Compared to
enable (LE) is high, When the latch enable (LE) goes low the LS r rL Logic ICs
data Is latched. The output enable (EE) controls the 3-state v Alternate Source is Philips/Signetics
outputs. When the outputI o nAblr (OE) is high tthe outputs d rflj4ltc/co74ic Types~:
are In the high Impedance state. The latch operation Is 2 to 13 V Operation
Independent to the state of the output enable. The 373 and Hfighi Noise Immrrunity: N., 30%. Nt..., 30% of Vic.
573 are Identical In function and dither only In their pinout * @ VC4 5 V

arrngeent. aC054HC TICD74HC T Types:
arragemets.4.5 to 5.5 V Operation

The CO54HC/PHCT373/573 are supplied in 20 load ceramic Direct LS rTL Input Logic Compatibility
dual-in-line packages (F suffix). The CO74HC/H-CT373/573 V, - 0. 8 V Maxi.. V,., - 2 V Min.
ate supplied in a 20-lead plastic dual-in-line plastic package CMOs Input Compatibility
(E suffix) and in 20-iead surface mount plastic packages t. 1. I pA @VOL. V00,
(M sulix). Both types are also available in chip fornm
(H suffix). TRUTH TABLE

I ot 8 Identical Circuits vcc______

LC Output Latch0. 0- r'-z.-([IEnable Enable Dats Output

bjL L H H H
yL . H L L

Lt L L IL

or. L L h H

Common Controls Lr cV *VSS H X X Z _
Note: X-DntCr

fl ~~L Low voltage level X*DntCr
of H - High voltage level Z - High Impedance Still

ILow voltage level one set-up time prior to the high t0
~ ~ low latch enable transition

hi High voltage level one set-up timne prior to [time hig'
Fig. I - Logic diallrai. to low latch enable transition

3"0
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Technical Data

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

MAXIMUM RATINGS, Absolute-Maximum Valuos:

0(; SUPPL Y-VOL TAGE. (V €l.
(Vollages relerenced to gioundi ...................................................................................... -0.5 I o '7 V

DC INPUT DIODE CURRENT, I.. (FOR V. < -0.S V OR V. > Vcc '0 5 V) ..................................................... j20 mA
DC OUTPUT DIODE CURRENT. to. (FOR Vo < -0 5 V OR Vo > Vcc 0 5 V) .................................................. 20 mA
DC DRAIN CURRENT. PER OUTPUT (I) (FOR -0.5 V < VO < Vcc o0 S V) ................................................... ±35 mA
DC VcC OR GROUND CURRENT. (1) ........................................................... .......... ±70 mA
POWER DISSIPATION PER PACKAGE (Pal:
For T. - -4010 60"C (PACKAGE TYPE E) ....................... ....................... ............... 500 mW
For T. - *60 to ,85"C IPACKAGE TYPE El ........... ..... .................. Dumb Linoarly al 8 rW/C to 300 mW
Foe T. - -55 o - 100'C (PACKAGE rYPE F, I-) ........................................................................ 500 mW
For T. - 100 to - 125"C (PACKAGE TYPE F. H) ............................................. Detae Linoarly al 8 mW/C to 300 mW
For T. -40 to .70*C (PACKAGE TYPE M) .............................................................................. 400 m W
For T. - 70 to - 125 C (PACKAGE TYPE M) ................................................. Durate Linearly at 6 mW/C to 70 mW

OPERATING-TEMPERATURE RANGE (T.).
PAC KAG E TYPE F, H ................................. .................................... ...................... 5.5 I 0 '125" C
PA C KAG E TYPE E. M ....................................................................... ........................ 40 to .85C

STORAGE TEMPERATURE (To.) ................................................................................... .65 Io 150*C
LEAD TEMPERATURE (DURING SOLDERING):

At dislance 1/16 t 1/32 in. (I 59 ± 0 79 mm) loom case lot 10 s max ....................................................... .265 C

Ufnil insotied into a PC Boarca (min Ihickness 1116 on. 1 59 mmi
will solder co lactling lead lips only .................................................................................... .300"C

RECOMMENDED OPERATING CONDITIONS:

For maximum reliability, nominal opersllng conditions should be selected so thal operation Is always within the

following ranges:

LIMITS

CHARACTERISTIC UNITS

MIN. MAX.

Slpply-Vo(lagu Rango (For T., Full FPackayJo-Tumlporariure Rango) Vcc:'

CD54/74HC Types 2 6 V

CD54/74HCT Types 4.5 5.5 V

DC Input or Output Voltage V.. V 0  0 Vcc V

Operaling Temperature TA:

CD74 Types -40 .85 C

CD54 Types -55 -125 C

Input Riso and Fall Times. I., to

at 2 V 0 1000 ns

at 4.5 V 0 500 ns

at 6 V 0 400 no

'Unless otherwise specified, all voltages are referenced to Ground.

to' VCG I c

29 or~ 2 is

CA 01-' 01
0o 1 as 03 t 03

uss "at 4 01 or

: : U 04 
nU -0-1-11

CD54174HC373. CD;174HCT373 CDS4174HC573. CDS4/74HCT573
TERMINAL ASSIGNMENT TERMINAL ASSIGNMENT

391
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Technical Data

CD54/74HC373, CD54/74HCT373
CD54/74HC573, CD54/74HCT573
STATIC ELECTRICAL CHARACTERISTICS

CD74)tC331)CD$41,C373 C041tC T313/CD541CT313

CO14tC 9131C0544C512 C I CT 131COS4NCTS13

TEST 4HCfS4HC ?44C 54HC TEST P4HCT/54HCT 14HCT S4HCT

CONOiTIONS TYPE TYP4 TYPE CONDITIONS TYPE TYPE TYPE

CHARACTIERISTICS - UNITS

40/ .55/ *40/ -113
•25"C ,*25C

,5S*C *I15*C .S1C *125C
V. Is Vcc V. Vc

V iA V V V
MI Typ .,Men Mi M n Min Typ Was MIn as MIn Me

2 ti, - 1 I5 -_ i s . 45

Input Voltage V. 4,5 L 2- - 15 - - - to 2 - - 2 - 2 - V

6 42 - 42 - 42 - 55

LOw-Levei 2 - - 05 - 05 - 05 45

Input Voltage V, 41 - 35 - 135 135 - 0 - - 0.S - as - 06 V

S- - t6 - 16 - Il 5,5

Hfn-Levet V. 2 1 9 - - 9 - I -

Output Voltage V . ' o 02 4 5 44 - -44 44 - Or 4.5 44 - - 44 - 44 - V

CMOS LOadS V.. 6 5.9 - - 5.9 - 5.b - V_

V.s V..

TILlomas ,O -6 45 196 -364-- 3 - Wt 45 9 - -164- 3? - V

11.$ 0-.1 V... __4 6 46 - 34 -52 - V_

Law-Level V.. 2 -- 01 - 0.1 - 0.t V.

Output Voltage VOL or 002 4.5 - - 0 - 0.1 - 0.9 or 4.5 - f- . - 0.9 - 0 s V

CMS Loads V.. 6 0 9-0 - 0 V.

V. V.

TTLLoads Or 6 45-- 026 - 33 - 04 or 4.5 - -026 - 33 - 04 V

tauisOrofe) V.. to 6 - - 26 - D33 - 04 V-I

Input .eakage Any

Curtlni I. Vt, VoIlge

or 6 0- - kOI - I., _ 1 B1i'n 55 -- t0.t,- 11 - ±1 A

GOid Yee and

Ond

Quiescent DOe.-i

Cufreni fe V. t6

or 0 6 - .- - 6 or 55 -, - 60-960 A

r ...I C'."d

Addilhonall

ou-9scent Osirc 4.5

Cuthiml Per V",.2 1 to - t0 360 - 450 - 490 pA

Input P.n 55

I Unit LOad Ale*

V.Sal V* -V 1
ulo I,1~ T R - o s-I -I IV.I0Curst V.. ndV _

'For dut.4upply sytalene theoeticili w01r CA11 -V* 2.4 V. V4 * 5.9 V I pectllliS8 l Is .6 mA.

HCT INPUT LOADING TABLE

UNIT LOADS'
INPUT 3 HCT73

ME 1.5 1.25
On 0.4 0.3
LE 0.6 0.65

Unit Load Is AIce limit spOCified In Static
Characteristics Chart, e.g., 360 pA max. @ 25* C.
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Technical Data

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

SWITCHING CHARACTERISTICS (Vcc = 5 V, TA 25*C, Input L.. h 6 ns)

TYPICAL VALUES

CHARACTERISTIC CL UNITS
(pF) HC HCT

Propagation Delay

DIta to On Output (HC/HCT373) tPL 15 12 13 ns

(Fig. 3) test. _

Dail to On Oulput (HC/HCT573) tPL i15 14 17 ns
(Fig. 3) IPhL

L1 to On Output h 14415 14 14 ns
(Fig. 4) Ipm _,,.

Oulput Enabling Time 0j 12415 12 14 ns

(Fig. 8. 7) plot

Output Disabling Time tL524 15 12 14 na
(Fig. 6. 7) tslel_

Power Dilpalion Capacitance (HC/HCTS73. 373) Cpo' - 51 53 pF

'CPO delemines the no-load dynamic powor consumption pot laich. 1l is oblained by tho following rolalionship;
PO 1101*1 pOwer Par lalc) - VC1' I. (C.O CL) whore I, - input Irequency.
Cs 2 output load capacilance. V,, - supply vollage

PRE-REOUISITE FOR SWITCHING FUNCTION

LIMITS

TEST 25"C -40C to *S5C -55" C to -125"C
CHARACTERISTIC CONDITIONS UNITS

HC HCT ?4HC 74HCT 54HC 54HCT
Vcc " "

V Min. Max. Min. Max. MIn. Max. MIn. Max. MIn. Max. Min. Max.

CPulse Width 1w 2 80- - - 100 --- 120- - -

(Fig. 3) 4.5 16 - 16 - 20 - 20 - 24 - 24 - ns

6 14 - -- - 17- - - 20- - -

Set-up Time tau 2 50- 65 -- 75 ---

Date to L 573 4.5 10 - 13 - 13 - 16 - 15 - 20 - ns

(Fig. 4) 6 9 - - - 11 - - - 13 - - -

Set-up Time tsu 2 50 --- 65 --- 75 ---

Data to LE 373 4.5 10 - 13 - 13 - 16 - 15 - 20 - ns
(Fig. 4) 6 9 - - - 1I- - - 13 -- -

Hold Time t" 2 40- - - 50- - - 60- - -

Dai to L 573 4.5 8 - 10 - 10 - 13 - 12 - 15 - ns

(Fig. 4) 6 7 - 9 - -- 10 ---

HOld Time ." 2 5 - - - S - - - 5 - - -

oats toLR 373 4.5 5 10- 5 13 5 -- 1 -

(Fig. 4) 6 5 5 5 -
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Technical Data

CD54/74HC373, CD54/74HCT373
CD54/74HC573, CD 54/74HCT573

SWITCHING CHARACTERISTICS lInpul I,. I , no, C& 50 pF)

LIMITS

TEST 25'C -401C to #aSC -5SC to 1251C
CHARACTERISTIC CONDITIONS UNITS

HC HCT ?4HC 74HCT S4HC 54HCT
Vcc

V Min. Max. Min. Max. MIn. Max. Min. Max. Min. Max. MIn. Max.

Propagalion Oolny I. 2 -- ISO - - 190 - - 225 - -

Oata to On h.,M 4 5 - 30 32 - 38 - 40 - 45 - 48 no

(Fig. 2) HC/HCT373 6 - 26 -- 33 -- - 38 --

Data to On tPLk 2 - 175 220 -- - 265 --

(FIg. 2) lp,.L 4.5 - 35 - 40 - 44 - 50- 53 - 60 ns

HC/HCT5?3 6 - 30 --- 37 --- 45 --

LTto On I .... 2 - 175- - -220 -- -265--

IPM 4.5 - 35 - 35 - 44 - 44 - 53 - 53 ns

(FIg. 3) 6 - 30 - - - 37- - 45 - -

Output Enabling tPL 2 - 150 - - - 190 - - - 225 - -

Time tp1. 4.5 - 30 - 35 - 38 - 44 - 45 - 53 no

(Figs. 5 & 6) 6 - 26 -- 33- - 36 --

Output Disabling Iftz 2 - 350 - - - 190 - - - 225 - -

Time Ir,,z 4.5 - 30 - 35 - 38 - 44 - 45 - 53 ns

(Figs.5 & 6) 6 - 26 -- - 33 --- 38-- -

Output Transilion hi, 2 - 60 - - - 75 - - - 90 - -

Time Ir' 4.5 - 12 - 12 - 15 - 15 - 18 - 18 ns

(Fig. 2) 6 - 1 0 --- 13 --- 15 --

Input Capacitance C, - - t0 - 10 - 10 - 10 - 10 - 10 pF

3-SlaeOuiput Co - - 20 20 20 - 20 - 20 - 20 pF

Capacilanco
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Technical Data

CD54/74HC3739 CD54/74HCT373
CD54/74HC573, CD54/74HCT573

CIhNPUT LEL - - *- V ,N~ I V I , - 1 *

DATA V_ I

D f 4 6'fi WZ fill

54/74HC 54174HCT 54/74HC 54/74HCT

Input Level VCC 3 V Input Levol VCC 3 V

Va 50% Vic 1.3 V Vs 50% Vo6  1.3V

Fig. 2 - Does to 0. output propa gation delays and output Fig. 3 - Latch Onable Propagation dela y.
transition ntime.

INPUT LEVEL --

DT~VS Vs INU LEVE OUTPUT

v. V5  .V..........

R s vs - V. INPUT
II

54/7MC Lvel 54/74HC 54/74HCT

5474C 4/4HT npt evlVC 0  3 V

Input Level VCC 3 V Nis 50% Vcc 1.3 V

VS 50% VCC 1.3 V V, 50% VCC 1.3 V

Fig. 4 . Catch enable prerequisite times. V.___-________ 90% ______0%___

Fig 5 - Throo-state propagationl dela ys.

INPUT LEVEL . OUTPUT

Tal8N91.IS VCC

ON INPUt

S4174MC 54/74HCT

Input Level V~C 3 V

vs 50% VCC 1.3 V

V,50% VCC 1.3 V

V. 10%VWe I0% VCC

Fig. 6. Tree-state propa gation deta ys. 395
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