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1
FOREWORD

This is volume III of a three-volume final report of the Self-
Contained High Altitude Navigation System (SCHANS) study~published
by the IBM Corporation , Federal Systems Division under Air Force
Contract F04701-76-C-0106. The final report satisfies the require-
ments of CDRL Item A003 under that contract. It is submitted to
the USAF Space and Missile Systems Organization (SAMSO) for review
by Captain R. A. Lawhern , USAF .

Volume I consists of a system summary , and Volume II presents
the results of the seven technical tasks of the contract. This
Volume III consists of the following three appendices’.

o Appendix A, Interferometric Landmark Tracker (ILl)
Receiver Electrical Design Description, prepared
by Mr. L. 0. Smith.

o Appendix B, SCF{ANS Pulse Conversion Unit (PCU) Final
Report , prepared by Mr. R. E. Dreska.

I

o Appendix C, SCI-IANS Operational Software Computer Pro-
gram Development Specifications prepared by
Mr. C. A. Kooch.
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• 1.0 INTRODUCTION

Sections 2 and 3 of this appendix are reprints from the Autonomous
Navigation Technology Phase lB Final Report , SAMSO TR75-298,
1 November 1975. It is provided as background technical material
in support of Section 3 of Vol ume II of this report.

• The receiver described herein does not include the time of arrival
(TOA) measurement circuits that were introduced to provide passive
ranging capabilit y . (See High Altitude Navigation System Study
Final Report , SAMSO TR75—72, March 1975.) Those circuits were
implemented in breadboard form and tested in the laboratory during
the SCHANS study . The performance of those circuits , and results
of the tests are described in Section 3 of Volume II.

References to the Signal Processing Unit (SPU) in Section 2.0 should
be read as Pulse Conversion Unit (PCU) for consistency in designations
presently assigned to SCHANS equipment. SPU in SCHANS terminology refers
to the on-board dedicated computer.

In case of conflict or inconsistency between this appendix and any other
portion of this final report , the latter takes precedence.

H. 

_ _ _ _ _ _



2.0 ILl AUTONOMOUS NAVIGATION SYSTEM DESCRIPTION

• The Interferometri c Landmark Tracker Autonomous Navigati on System Concept is
descri bed in this section . Section 2.1 provi des an operati onal description of
the ILT Autonomous Navi gation System with emphasis on the ILl operations.

• Section 2.2 summari zes the fl i ght test model ILl design deve l oped under this
contract and delineates the major changes in the ILl receiver design concepts
developed during this program phase and provides a functional description of
the signal processor/computer interface. Section 2.3 sumari zes the performance
requi rements for the flight test model ILT from which the ILl Flight Test Mode l
Receiver design specifications gi ven in Section 3.0 were developed.

2.1 ILl  AU TONOMOUS NAVIGA T ION SY STE M OP E RAT IONAL D E S C R I P T I O N

The ILT Autonomous Navigation System Concept (Reference 1) for space navi-
gation shown in Figure 2—1 consists of:

o The strapped down ILl Sensor which provides precise angle tracking
of known radar landmarks .

o A three-gyro inertial reference unit to provide attitude memory
d u r i n g  hl Coast s peri ods between landmarks .

o A digital computer to process the sensor data with a Kalman filter.

ç In operation , angle data is received by the ILl from such landmarks as air
traffic control , defense early warning and coastal search radars operating
in the frequency range of 2.5 to 2.9 GHz. This angle data is processed with
a Kalman fi l ter to determi ne spacecraft position , velocity and attitude vectors .
The latitude , longitude , altitudc and frequency of selected radars of known

position are stored in the computer to be used as landmarks. Any of these

stored landmarks wi thin the field-of-view ‘~f the ILl can be acquired by
tuning to the radar frequency . Day/Night , all-weather operation is
inherent in this frequency band .

I
A-6
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The ILl is a strapped down sensor which requi res only four 2.1 inch

diameter antennas to be mounted on an earth pointing face of the spacecraft.

The small , lightwe i ght , low power associated electron i cs unit may be mounted
• 

• 
at convenient locations wi thin the spacecraft. A ll components of this sensor

-i
INTERFEROMETR IC LANDMARK
TRACKER NAVIGATION
SYSTEM CONCEPT

Inertial Reference Unit
• 

t n t er f er o m e t r i c
.

~~~~~ 
. Lan dmar k Tracker

•
/ I \• \

/ I

I
This function can be provided by the I LT in orbits where at least two landmarks are
continuously visible.

Fi gure 2—1. Interferometri c Landmark Tracker Navi gation System Concept 
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are operati ona l In av i on i cs systems . Dur ing ANT Phase 1 laboratory, measure—
• ments were made on a breadboard model of the ILl (Reference 2). A similar

interferometer is operational in the ATS-6 synchronous satellite and has

• proved the feasibility of such precision spaceborne interferometers.

For low altitude navigation (altitude below 500 nmi ) the basic ILl system

can provide a navigation accuracy of 300 ft 1 a- (simulati on results). For
• high altitudes ( average altitude above 5000 nmi ) a passive ranging (PRAIS)

tec hniq ue i s employed to enhance system per formance . The PRAIS concep t and
performance estimates are described fully in reference 3. Typical navigation
accuracies obtainable with the basic Ill system for typical high altitude
missions are shown in Table 2-1. (These values were obtai ned in a computer

simulation program utilizing sensor error models and are 1 a- values ).

In addition to the navi gati on function , the lIT system can , by tracking
three targets “simultaneously ” , also determi ne inertial attitude required
for navigation . Covari ance analysis results have predicted this value to
be 25 sec RSS , 1 a- for high altitude missions.

Table 2-1

ILT AUTONOMOUS NAVIGATION SYSTEM ACCURACY

• Orbit Characteristics Position Error ( f t/ a- )

(MOLN IVA)
Apogee Peri gee
21 ,4-06 nm 390 nnj altitude 2 ,500

• Pe riod 12 hours
630 Inclination

S~nch ronous altitude 2 ,300
1 Inclination

Circular
10,000 nm altitude 900
63° InclinatIon

Circular
• Polar 8,000

68 ,000 nm altitude

Ci rcular
Polar  14 ,500
150 ,000 nm altitude 

______________________________

-~~~~~~~ . • . . • - - • ~~~~~~--- -~~~~~~~~~~ -• -



2.2 FLI GHT TEST MODEL IL l FUNCT IONAL DESCRI PTION

2.2.1 Flight lest Objectives

The orbi tal flight test of the III has as its primary objective the verifi-

cation of the ILl ’s capability to discriminate selected uncoope rative radar
signals from a cluttered radar background and determine the angular orienta-
tion of the ILl-radar line of sight with sufficient accuracy to make the ILT
an acceptable landmark tracking device for self- contained satellite naviga-
tion . A major part of the primary objective will be to determine whether
the navigation sensor can make accurate t ime of arrival measurements to
enhance navigation performance at high altitudes. Secondary objectives are
veri ficati on of the ILT ’s sensitivity , its utility as an attitude reference
device , detectability of radars suitable to function as uncooperative known
landmarks , and to determine if a fifth antenna is required for phase ambig-
uity resolution .

2.2.2 F1i~ht T .t Model

The flight test model ILl design consists of:

o A fi ve antenna array to determine if a self- resolving interfero-
meter , is required.

o A signal processor unit which converts the analog signals from

• the receiver to a di gital format , provides log ic for receiver
control and interface wi th an onboard computer

o A three channel superhete rodyne receiver which provides the sensi-
tivity and selectivi ty to select and track si gnals from radar land-
mar ks.

o A power supply.

Fi gure 2-2 is a block diagram of the ILT flight test model design .

. . • . . — — —--- , -~ --  ~~~~~~~~~~ • •  ~~ •~~~~-~~•
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— Recei ver Pitch Computer

— Roll Signal 
_____

Freq. Pro cessor
Antenna — —  . -

Array , - . 
1 u e

0~~~~ S l
_________________ _________________ Voltages Power Supply 

-

Figure 2-2. lIT Flight Test Model Block Diagram

During this contract phase , a detailed design of the receiver was carried out -

this design is discusse d in Section 3.0. The antenna array , since it is highly
dependent upon spacecraft instal lation constraints was not studied in this
phase and the antennas tested in the previous program phase provide satisfacto ry
performances . A functional description of the signal processor operations
are provided in the following paragraphs.

• ILl Signal Processing Functional Description

A Signal Processor Unit (SPU) prelimina ry design was carried out to permit

sizing for mechanical design of the ILl electronics unit. This design

assume d the follow ing wer e prov ided by the SPU :

o A/D conve rs i on of the frequency , phase , and log vi deo signals
from the receiver

o Generation of the precision 60-MHz signal for the receiver calibration

• and time-of-arri val counte r

o D/A conversion of the local and RF calibration oscillators and RF
calibrator amplitude control words from the computer

o Control logic for receive r IF calibration comands and other control
functi ons

o Inputs a “qualified data ” gate to the computer

~~~ 
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o Buffe rs the received signa l 128-bit data word for input to the computer

o The logi c necessary for a 16-bit parallel interface with the computer

o lime-of-arrival counters to implement passive ranging.

The computer in supporting the SP(J :

o Selects the next available landmark from the stored landmark table

o Searches for alternate landmark s if the pri mary landmark is
unava i la b le

o Sends a frequency command to tune the receiver to the landmark
frequency

o Centers the landmark signal in the IF pass band and resets the
frequency in the landmark table

o Initi ates the receiver IF calibration cycle and accepts the
128-bit calibration word

• o Accepts 200 pulse measurement data words (128 bits) for each ILT
measure ments

o Processes RF calibration data
L I

o Calibrates the signal data and averages the 200 calibrated signal
pulses

o Inputs the calibrated data to the navi gation fi l ter

o Processes the ILl data in the Ka lman navigation fi l ter to determine
spacecraft position , velocity , and attitude .

A-Il
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Table 2-2 lists the bit content of the 128—bit Ill data word. An additional
128-bit IF calibration word is sent for each group of 200 pulses. This word
consists of 8 IF calibrations corresponding to ±45° , +135° , and +225° of
phase for both the pitch and roll channels of the ILT .

Table 2-2
ILl SIGNAL PROCE SSOR DATA

• WORD CONTENT

Si.gnal Bi ts

RF Pulse Pitch 16
Roll 16

RF Calibrate Pitch 16
Rol l 16

Fine Frequency 8
— Log Vi deo 8

*lj me_of_Arri yal 32
• 112 Bits /Pulse

Spare Bi ts ..j~. 
-

________________________________ 

128 Bits /Pulse
*Required to add passive ranging to the lIT.

2.3 lIT PERFORMANCE SPECIFICATION 
•

T~ sat isfy ANT mission requi rements the ILl must measure two phase angles to
radars operat ing in the RF frequency band within the following specifications .

DF Accura cy. The ILT shall have an overall di rection fi nding accura cy

• gQal after software calibratL.,n of one minute of arc one sigma (l~ ).

sensiti vity. The ILl shal l detect and proces s signals with incident
power density meeting or exceedi ng those below .

A-12 • 
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INCIDENT POWER DENSITY ANGULAR FIELD-OF-VIEW (FOV)

A. -59 dBm/m~ 28°

B. -45 dBm/m2 900

Frequency Measurement: Radar frequency shal l be measured to an accuracy of
300 kHz (3 ) for the band of interest).

Angular Field-of-View. The angular field-of-view shall be conical in shape
and in accordance with the above table.

Tuning Range. The III shall be tunable to a designated frequency wi thin the
range of 2.5 to 2.9 GHz wi thin 1 millisecond.

Spuri ous Signal Rejection. Image frequency and spuri ous frequency signal

• suppression shall be at least 60 dB outside the 2.5 to 2.9 GHz range on a
monopulse basis.

Emitter Sorting. The system accuracy shall not be degraded when up to fi ve

~ extraneous emi tters all of which are separated by at least 45° of ambiguous
• phase from the signal of interes t are present in the environment.

Pulse Wi dth and Pulse Repetition Interva l. The lIT shall detect and process
signals with pulse widths between 500 nanoseconds and 5 mi croseconds and

• PRIs between 0.5 and 10 milliseconds .

Emitter Detection and Signal Processing. The confidence level for detection
of any emitter meeting the above .‘equirements shall be .983 .

Signa l Dynamic Range. The ILT shall operate over a 50-dB input signa l dy-
• nami c range.

Temperature. The lIT shall meet performance requirements over the tempera-
ture range of +30°F to +160°F.

— A-13 
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3.0 FLIGHT TEST MODEL lIT RECEIVER DESIGN 5
The flight test model receiver design differs from previous ILl operati onal

• configurations In the following areas. Since a five antenna array will be
used in the flight test III , a f ive—port , 0° RF calibrator is required (four
port in the operational ILl). A three-channel receiver configuration with
switching at RF was selected to reduced weight and power. Calibration of
the phase detectors was found to be more accurate and effective at IF fre-
quency , hence the 90° RF calibrati on previously used was replaced wi th IF
calibration at ±45° , +135° and +2250 of phase. Finally, a YIG tuned oscil-
lator provided suff icient stability and lineari ty to eliminate the need to
count down the l ocal oscillator frequency for VTO frequency control.

Table 3—1
ILl RECEIVER SPECIFICATION

Frequency Coverage - 2.5 - 2.9 GHz
Freq uency Measurement Accura cy - 0.4 MHz max Error (Inc l udi ng

LO uncertainty ) when smoothing
100 pulses (software storage of
LO end points allowed)

Frequency Variati on - At -76.5 dBm 600 kHz p-p max
(Pulse to Pulse) At -66.5 d~n 180 kHz p-p max

At -56.5 dBm 60 kHz p-p max
Instantaneous Bandwidth - 2 Mtlz-l dB points

3 MHz-3 dB points
• Sensitivity (m) - -96.5 dBm mm

Dynamic Range (operating) - 50 dB mm
Spurious Rejection - 60 dB mm for signals 2 MHz or

more away from the desi red fre-
quency. Image rejection by ‘1
dither acceptable.

Phase Accuracy - 10 max error between channels
chase Detector Lineari ty - 4 .25 °

• Phase Va riation - At -76.5 dBm 34.0° p-p max
At -66.5 dBm 11.4° p-p max
At -56.5 dBm 3.4° p-p max

Input Pulsewldth - 0.5 us to 5 ~ L
• RF Phase Calibrati on - Continuous Wave

_ - - •~~~~~~~~~~~~~~~~~~~ _•~~-~~~~~~~~~~~ - - - ~~~~~~~~~~~~~ - •  - - 
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Table 3-1. lIT Recei ver Speci fication (Continued)

• Max Vi deo Riseti me - 3)0 ns (to within 1 dB of fi nal
amplitude for a rectangular pulse.

Tuning Speed - 200 ~~ max to step full band to
within 0.4 MHz.

• Outputs Required - Freq uency Discrimi nator
Phas e Detectors (2)
Log Video Accept Pulse .

Fi gure 3—1 is the receiver block diagram. For discussion purposes the receiver
can be broken down into the following subsections :

Recei ver Channels

RF Calibrator & Calibrati on Control

Phase Detectors and Phase Detector Calibrat ion

Local Oscillator

Frequency Discri mi nator/Qual ifi cation

3.1 RECEIVER CHANNELS

Three recei ver channels are incorporated in the design . OF measurements are
3 made between the center channel and the two adj acent channels. A receiver

channel is comprised of (see Figure 3—1) an input bandpass fi l ter, mi xer,
preamplifier/bandpass fi lter and limi ter. The basic receive r channel function
Is p rov i de RF to IF convers iun, fi l tering and gain.

Three of fi ve antenna outputs are selected by two SP2T switches on the Output
of the RF calibrator (to be discussed later) and fed to three receiver channels.

The input bandpass fi lter is an eight section device with a 1 dB bandpass of
2.5 to 2.9 GHz. Figure 3-2 is the measured response of this filter.
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3.1.1 Mixer

The mi xer is doubl e balanced . The double balanced mixer provides superior
port to port isolation and spurious signal rej ection . It is necessary when
trying to achieve phase detector accuracies of ±0.25° that channel to chan-
nel isolati on be high. Use of the double balanced mixer and isolati on of
the Local Oscillator four way power divider yield isolation numbers of>50
dB for leakage paths through the LO lines .

Figure 3—3 illustrates over what frequency ranges MxN spurious responses can
be generated in the recei ver. Since most of these responses lay well outside
the band of interes t they wil l be reje cted by the input bandpass fi lter. In
addition the double balanced mixer provides ove r 50 dB rejection to the listed
spurs . Th is , in conjunction with the bandpass fi lter , provi des over ~ dB
rej ection .

The above illus trated spurious responses are caused by out-of-band si gnals.
Even order spurious such as 2x2 , 3x3 etc. are generated by signals lying
with in the receiver RF passband and can ’t be rejected by the preselector.
The spur rejection properties of the mixer, in conj unction wi th the IF fi lter ,
are used to rej ect thes e signals ove r the receiver processing dynamic range .

Figure 3—4 is a plot of the 2x2 spurious rejection properties of the mi xer
and preamplifier. As seen from the graph no 2x2 are present until a power
level of approxtmately -30 dBm is reached. Data on the breadboard receiver
shows that the 2x2 sIgnal dId not break threshold unti l a power level of
—19 dsm was reached . Si nce this falls outs ide the speci fi ed operating dy-
nami c range no ci rcuitry dedicated to 2x2 or 3x3 , etc., signal rejection was
incorporated in the receiver.

3. 1 .2 P~~~mpl i tier

The preamplifier (A3—As sently), in conj unction with the RF components, deter-
mine the recei ver noise figure . The preamplifier is designed for a noise
figure of less than 2.0 dB and a gain of 26 dB. 
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The IF fi lter is incorporated into the preamplifier des ign . This was done to
place the IF fi ltering as close to the front end as possible to enhance spur
rejection; but yet not si gnificantly degrade the noise figure .

The IF filter is a three section device providing a l—d B bandwidth of ±1 MHz and
a 3—dB bandwidth of 3 MHz centered at 60 MHz . The normalized IF response curve
for the breadboard ampl i fier is provided by Figure 3-5.

3.1. 3 Limi ter Amplifier

Phase Detector lineari ty and scale factor are sens i ti ve to amplitude variations .

It is therefore necessary that a limiting amplifier precede the Phase Detector.

Additionally the limi ter contri butes a major portion of the recei ver gain.

A brief list of the limi ter specifications are gi ven in Table 3-2.

Table 3-2
LIMLTER AfIPLrFIER SPECIFIC4TION

Gai.n - ?~~~ dB

Noise Figure - <10 dB

Output Pqwer - S+17 dBni m m .

Phase Tracking - +1.50 measured on breadboard units

Limiting Threshold - -70 dBm. Less than 0.2 dB output
power variation ove r dynamic range

from -60 dBm .

Center Frequency - 60 MHz

Bandwidth - 2 MHz 1 dB M m .

Input/Output - 5Oc~
Impedance VSWR Max 2.0:1
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Limi ter performance is illustrated by Figure 3-6, (phase tracking and Output
power , vs input power), for the two breadboard units.

The breadboard limiter amplifiers were constructed using discrete components.

• The final circuit will be a thin - film hybrid.

Bandpass filters are used on the output of each limiter to remove harmonic
power.

In addition to the gain and filtering requirements of the receiver channels
the phase performance of the receiver channels is important. Phase tracking
of all the passive components is specified to within ±1° . The active circuits
do not achieve this accuracy over their dynamic range. Figure 3-7 is a plot
of the phase tracking of the receiver channels over the input signal dynamic
range . It demonstrates the need for pulse -to-pulse calibration of the receiver.
To do this a calibration signal of 00 phase is injected via the RF calibration
circuit (described in the next section). The calibration signal amplitude is
set by computer contro l via the SPLJ to the same amplitude as the signal pulse.
Specifically, the SPU A/fl converts the log video signal output of the receiver
to a digital word and enters it into the computer as part of the 128-bit data
word. The computer then outputs the D/A command word to set the RF signal
calibration attenuators . Since the phase of the calibration signal is 00 , the
receiver can be calibrated on a pulse -to-pulse basis for phase fluctuations
due to signal ampl i tude.
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3.2 RF CALIBRATOR

The RF signal calibrator provides the means whereby receiver phase tracking

erro rs that vary with time , frequency, and signal amplitude can be renoved

from the phase angle measurements . The block diagram is shown in Fi gure 3-8.

It~ orientation to the overall receiver is show n in Figure 3-1.

Cal /Norm
Switch 5Oci Term

P _____  — RF Source Input

F Vo taqe l
Controlled I D/A Voltage Input
Attenuator

1

L~~~~~~~~~

5 ] 
.

• - I __i l l J

_ _ _ _  — ~:: ......._—_—-—.c~ _—-—-- J2 [
~ 

____ _____ — 
__________  ____ ____ J 3

Figure 3-8. RF Signal Calibrator Block Diagram
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There are three modes of operation for the calibrator. A termination mode
where the RF input signal to the calibrator is fed into a 50~ load , and the

antenna signals di rectly into the receiver with no other signals co upled in.
A 00 calibration mode in which the calibrator RF signal is fed to a 5-way power
splitter to produce four signals of equal phase. A frequency calibration mode
in which signals are applied to the RF calibrator from the frequency multiplier !
calibrator assembly.

Mode control is provided by a switch internal to the RF calibrator and an
external switch to select the RF source or frequency multiplier.

Ideally, it is desi red to have the output of the phase detectors be 0° for a
~0 input signal . This is difficult or impossible to do over the input fre-
quency range and signal dynamic range . Therefore the calibration is used
to remove phase tracking e r rors throug h the receiver. The calibration is
inserted following each signal pulse. In normal operation the calibration
signal will be adjusted to the amplitude and frequency of the incoming pre-
cedi ng pulse. The amplitude of the calibration signal is controlled by an
i nternal voltage controlled attenuator. The attenuator is controlled by an

• 

- 
8-bit D/A converter with a nominal control of 6 dB/volt. The LSB is 1/4 dB .

Frequency control is provided by a frequency locked l oop and will be dis-
cussed in detail in Subsection 3.5.

The phase performance of the calibrator is cri tical to the performance of the

receiver. Any error in the 0 degree input adds di rectly to the system phase

erro r budget . The major specifications to which Anaren designed the calibra-
tor are gi ven in Table 3-3.

The calibrator was initially eva l uated on an H.P. Automatic Network Analyzer

prior to ins tallat ion into the receiver breadboard. Figure 3-9 il lustra tes

the performance of a tyDical pair of phase channels with calibration. The peak

to peak error is 0.80 . The bias or constant  offs ets of the curves are re-
moved by receiver calibration .

A~27 
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Table 3-3
CALIBRATOR SPECIFICATIONS

Freq uency - 2 .5 GHz to 2.9 GHZ

VSW R - 1.4:1 max input-output ports

Insertion Loss - 1.0 dB max - input - output ports
37-40 dB - calibrator to output ports

Isol ation - 50 dB mm — input to Input ports

Directivi ty - Output phase not to vary more than
• +1.2~ with VSWR ’ s appl ied to any
• input port or all 15 vari ed from

1.0:1 to 2.0:1

• Phas e Tracking - +1 .0°

Amplitude Tracking - ±0.2 dB

- 

- 
00 Mode - 0° ± 0.4 dB at output ports .

00 + l.O°at output  ports

Attenuat ion - 60 dB conti nuous dynami c range .

~ 
~1

A-28
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3.3 PHASE DETECTOR 
-

3.2.1 The Phase Detectors generate 360 degrees of unautiguous video. The
Phase Detector Is Implemented at the recei ver IF and curves of Figure 3-10
are generated as ~ function of Input phase angle diffe rence . The portions of —

the stne and co~tne curves used for phase measurements are indicate d by the
heavy lines . Figure 3—11 Is a block diagram of the phase detection ci rcui ts .

1 0 Cosine
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Sine

p -

90° 1~~° 270° 360o

~~0 135° 226° 315°
(
~.

- 1.0 .

• Circles Indi cate Calibration Points.

- Figure _~.lO. Phase tectoçSM ne-Cosine Curves 
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The cri tical parameter in the Phase Detector design Is lineari ty. The design
specification was ±0.25° linearity error . The Phase Detector curves of Fig-
ure 3-9 indicate that maximum linearity exist between the ±45° segments of
each output. Operation of the Phase Detector is restricted to these regions.
The ranges covered by the sine-cosine outputs are given in Tabl e 3—4 .

Table 3-4
PHAS E DETECTOR SEGMENTS

Phase Shift Phase Detector
Range Output

+315° to ~~450 Sine Output (Sin 0)

+ 45° to 135° Cosine Output (Cos 90)

135° to 225° Sine Output (Sin 180)

225° to 315 ° Cosine Output (Cos 270)

It was found by various tests on the double balanced mixers involving biasing
and loading that the detected video followed a straight line approximation
more accurately than a true sine curve in the ±45 ° regions . Attempts at trying
to adj ust the phase detectors to yield acc urate 45° crossovers for transition
from one curve to another always resulted in linearity degradation . Crossover
point accuracy Is Important when the software is making the decision of which
Phase Detector segment to use.

To remove the dependency on crossovers a Phase Detector calibration circuit
was incorporated . Figure 3-11 is a block diagram. This circuit generates phase

• shifts of -45°, +45° , +135° and +225° . These points are depicted on Figure 3-10.
The end points of each Phase Deter tor segment is now accurately defined . In
addit i on , the Phase Detector calibration allow s correction of scale factor
changes due to envi ronmental effects . Any long term changes In the Phase
Detector can also be corrected wi th the calibration .

kL • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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The Phase Detector linearity is illustrated by Figures 3-12 and 3-19. This

data includes input signal power and temperature variations. These data show
that software calibration can significantly improve performance.

Table 3-5 sumarizes the worse case errors as read from these curves .

Table 3-5
PHAS E DETECTOR ERRORS

Errors (Degrees)

Phase Detector Typical Worse Case Typical Worse Case

Curve Over Temp
At 0° Range of At Over Temp Range
& 25°C 0° 25°C 60° 85°C +60°C +85°C

Sin 0 ±0.2° -0.36° + 0.4° ±0.4° -0.8° +0.6°

Cos 90 ±0.1° -.027° + 0.33° ±0 .1 0  -0.38° +0.25°

Sin 180 -0 50 -O 8° + 0 1° ~O 6° -O 9° +0 25°

Cos 270 ±0.1° -0.3° + 0.35° ±0.15° ~0.380 +0.15°

NOTE: The data contains an estimated ±0.2° error due to test equipment and
opera tor.

• The monopu ls e noise error of the Phase Detector as a function of input signal
power is  g iv en by Figure 3-20. Table 3-6 summarizes this data and compares it
to the specification .

Table 3-6
MONOPULSE PI~ SE DETECTOR ERROR

P-P Phase P— P Phase
Input Power No i se (Spec ) No i se Measured

-75.5 dBm 34° P-p 28° P-P

-66.5 dBm 11.4° P-P 9.3° p-P

-56.5 dBm 3~4° P-p 2.8° p-P

A- 33 
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3.4 LOCAL OSCILLATOR

A fast tuned YIG Oscillator is used for the local oscillator. A bri ef list
of specifications for the device are as fol lows:

Frequency range - 2.38 - 2.78 GHz

Output Power - 30 mW mm

Frequency Accuracy - +2.5MHz

Temperature Range - O-710C

Tun i ng Speed - 2OO~ s to be wi -thin 0.1% of final frequency
(Full Band Re5pQnse~

Tuning Voltage - 0-10.2375 V
p )

The oscillator frequency is controlled via a 12-bit D/A converter. Use of
12 bite provides an osclllatQr m1n~num step of 0.1 MHz.

The frequency accuracy of the receiver was specifi ed as 1.8 MHz max . Oscil la tor
— 

lineari ty becomes a critleal parameter when trying to achieve this degree of

• accuracy . Figure 3-21 is a plot of the breadboard VI G oscillator linearity
deviation as a function of output frequency. Inspection of this curve m di-
cates that In an open loop case the desired accuracy can ’t be attained.

To achieve the desired accuracy a 100-MHz comb line generator has been added .
This provides eight calibratic’n frequencies across the band . Both upper and lower
sidebands are used. Figure 3-22 indicates the eight calibration points and the
straight line calibrati on segments . The original errors of approximately 4 MHz
have now been reduced to less than 400 kHz .
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The oscillator temperature performance is illustrated by Figure 3-23. Again
it is seen that the calibration is required to provide the desi red frequency
accuracy.

The tuning speed of the YIG Oscillator is presented in Fi gure 3-24. This fig-
ure is a series of photographs showing the oscillator response for full band
steps. Curves A and B are steps from 2.8 GHz to 2.4 GHz. Curve B is an ex-
panded version of A around zero time. Curves C and 0 illustra te steps from
2.4 to 2.8 GHz . Curve C is an expanded version of 0 around zero time . Curve
E is the response for a 100 MHz step .

3.5 AUTO-FREQUENCY CONTROL LOOP

The function of the Auto Frequency Control Loop is to lock the voltage tuned
oscillator exactly 60 MHz above the local oscillator frequency . This oscilla-
tor is tuned in conjunction wi th the LO and is used to provide the RF signal
for the RF calibrator.

The control loop is a frequency locked l oop . Figure 3-25 is a block diagram of
this ci rcuit.

Due to phase tracking errors as a function of frequency it is important that

the calibration signal be present at the frequency of the incoming signal.

Figure 3—26 is a plot of di fferential phase shift vs IF frequency . It illu s-

trates the change in absol ute phase sh i ft vs IF frequency.

The Varactor Tuned Oscillator (VTO) used as the RF source for the RF calibrator
is an Avantek—VTO 8240. This oscillator was used because of its small size
and wei ght , low power drain and fas t tuning ~.peed. The oscil lator requires
linearization to track the YTO l ocal oscillator to within ± 10 MHz with a 60 MHz
offset. Linearity data is given in Figure 3-27. This indicates a worse, case
error of approxi mately 6 MHz. In addition a temperature dri ft error occurs .
This is presented in Figure 3-28. To reduce drift with temperature the linean-

izer was compensated and an oven is installed that becomes activated below

approxi mately 250C. The total dri ft between the environmental effects and

tuning lineari ty res ult in worse case frequency erro rs of 12 MHz . This is
the number which the loop must reduce to , i deally 0.

LJL~~~. - - - - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



1
I —. ,,,

_____ #z$_•c

: 

~~~

(lIr~~... ~~~~~~~~~

9.0 2.0 3.0 4.0 5.0 6.0 ‘.1 1.0 9,0 10.0 -
T,~1i~ Voltag e (Vo lts )

-2

Figure 3-23. Local Oscillator Linearity vs Temperature

A-46 

~~~~~~~~~~~~~~~ —-~~~ - - --- ----~ - --- ~~~~~~~~~~~~~~~~~~~~~~~~~



_ _  
_ _ _ _ _ _ _ _  ~~ IIIT~~

I, , 9 .  9•

II ‘ I  p . 9

—

- ~~~ fliC S \~~I~ 
-

Fi gu re  3— 24 . L-~- -.~ -
~~ .~iir y - ~- ‘ - ~~ • . -~~~ e ~~~~~ Si . -e

__ ---- - ~~~ -~~~-- -~~~~~~~



r’~ ~~~~~~ ~~~~~~~~~~~~ I I~~~~~~~~

> U
C

4)0  C ’ ~

~~

~~ —

‘.0 Li~V VI In I UI ~1~~ I C
C.’

I- -
~
. 

~~ ~~~~~~1~~~~~ 
g

o ~
.) I 5-A 0 .O W . —  

~~~4).~ C _-. 
o

~
. In I— -.,-

In UI. 4l, I_ U,
W I ~~W

_ _ _  #)
~ Q.4.I -

•.-~~L I
_I~~~~~ w- T

I-

-J
p.-’-,

• 
.

, 

. 

0

_ _ _ _ _ _ _ _ _ _ _ _  

A-48 
- -



.3 Appro x~~ Shift —

30 
—

59.5 59 .6 59.7 59.8 59.9 60 60.1 60 .3 60. 4 60.5

IF Frequency (MHz)

Phase Detector Voltage (Vo ltes ) Cosine

- Figure  3-26. Ph:3e Shift vs IF Frequency

~~~~



4 •

3

2

1 Tprlttg Voltag e (Volts ) /“
1 2 3 4 5 6 7 9 10

4 —

-2

.5 ~UI
C

:~
Figure 3-27 . TypIcal VTO /YT O Tracking Error

- 
A-SO 

-



~~~~~~~‘I~~~~~~~~i IiI iI I~TJIi 1 •

I

I

14 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Note: Linearlier Te~~. Co~~.

-: 2 
~~

——-

~~ \ / _‘••I
~

_

~
___\ ~~~~~~~~~~~~~~~~~~ *25 °C

1 \ /2  \ 3 \  4 6 7~~~-~~~~~ 8 ~~~~~~~~~~10
>. . 0  -

Tun i ng Vol tage

~ .2 +5Q~~

I /

Fig ure 3-28. Varactor Tuned Osci llator and L i n e a r i z e r
Tuning Linearity Temperature Drift

A -SI



_ _ _ _ _ _ _ _ _ _ _  _ _

The frequency locked loop was designed to reduce the oscillator tracking error
to S ± 0 . 1  MHz over the frequency range and all environmental conditions.

The l oop is implemented as illustrated in Figure 3-25. The output from the
l ocal oscillator is applied to the mi xer in conjunction wi th the RF source .
This is converted to an IF frequency of 60 MHz with a bandwidth of ±20 MHz. A

bandpass filter and limi ter amplifier follow the mixer. The key element in the
• loop is the frequency discrimi nator. This device provides a linear frequency

vs voltage curve from 40 to 80 MHz. Figure 3-29 illustrates the response. The
loop accuracy depends upon the discriminator to maintain an accurate center
frequency (60 MHz in this case) under all conditions .

To achieve the desired error reduction,a loop gain of 150 minimum is required.
The bulk of this gain is provided by amplifiers following the discri mi nator.
The response time is set with a single pole RC filter. The corner freq uency
is .31 cycles. The response time of the loop is approx imately 30 ~s. This in

• conjunction with the l ocal Oscillator tuning speed of <lO0~~s yield a total
response time of approxi mately -130 ~s. Figure 3-3O -~ a photograph of the
actual l oop response time as the LU is stepped between two frequencies and
the response of the l oop discri mi nator monito red. Duri ng the time the oscilla-
tors are bei n9 tuned the loop is opened to allow the oscillators to tune near
final frequency and prevent locking to the wrong sideband as large error voltages
are generated due to different oscillator tuning speeds. From the photograph
(Figure 3-30) the YIG oscillator response can be observed duri ng the open loop
interval and the response of the VTO as the loop is closed.

Figure 3-31 illustrates errors in the frequency locked loop for frequency dif-
ferences in the YIG local oscillator and VTO over and beyond the normal error
correction range at four discrete LO frequencies.

Figure 3-32 provides performance data on the breadboard receiver freauency

locked loop as a function of tuning voltage and temperature . Discrimi nator
offset errors as a function of temperature are evident. No offset compensa-.
tion was incl uded in the breadboard circuit. Inclusion of this temperature
compensation should signifi cantly reduce this error. Ignori ng the offset error
the l oop error is within ±10 khz . Alternately software can be used to correct
offset errors using the narrowband frequency discrimi nator and addi ng or sub-

~~~ tracting a correction factor.

• - . A~i2 • •
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3.6 FREQUENCY DISCRIMINATOR/Q UALIFICATION

The frequency discri mi nator generates an analog voltage proportional to the

- • input IF frequency . The input to the discri minator is tapped off one limi ter
channel . The discri minator des ign is based on the use of a 3/4 wavelength
delay line and phase detector. Figure 3-33 is the block diagram.

Video
~-~.~~Amplifier I 

~
...~~Ampl i fier

IF P DBM ~~~~ Video
Input - eteetor Output

Hi/4 A Delay Line

Fi gure 3-33. Frequency Discriminator Block Di agram

The delay line produces a phase shift proportional to frequency . The delayed

-

• 

and undelayed siglials are compared by the phase detector and the di scrimi nator
Curves of Figure 3-34 are generated as a function of input signal power. Pea k
to peak noise error is presented in Fi gure 3-35 as a function of inp ut signal
power.

The performance of the frequency discri mi nator over the operating temperature

range is presented in Figure 3-36. Table 3—7 sunillari zes the discri mi nator per-
formance as read from the curves.

Table 3-7
DISCRIMINATOR PERFORMANCE

Disciminator Scale Factor 200 mV/I4Hz

Discri minator Lineari ty ±0.1 MHz over 1 dB 8W and S/N 20 dB

Temperature Error ±D.l MHz from -10°C to +75°C.
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3.6.1 Frequency gualification

The frequency qualifi cation ci rcuits are used to reject spurious signals caused
by frequency discri minator antigui ty and fast rise time signals clos e to the
IF passband producing transient response in the narrowband iF fi l ters .

This ci rcui t is implemented with a bandpass and band reject fi lter. The energy
contained within the tw o filters is compared and when the bandpass is greater
than the band reject an accept signal is generated.

Figure 3-37 is the block diagram of this circuit. Figure 3-38 is the ideal
response of the bandpass and band reject fi lters.

_
Detector ~ _..Comparator

Input P
From / _______

- 
Lim iter 2 I

- 
L ~J 

to ~~

— 

[ 
Band pass 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I \~~~~ +V

Fi gure 3 37. Frequency Qualifi cation Circuit Block Diagram

Band Rejec
‘, /

.4.) A
~1~~

- ‘IN-
/ - ‘~~~~~~.8and Pass

~~4 ~5 ~ 5~ 5~ 59 6~J 61 g2 6~ 64 65 66
Frequency (MHZ)

Figure 3-38 . Bandpass and Band Reject Filter Response
A-60 

_ _  -



I

The fall off of the band reject is caused by the precedi ng IF fi lter. Mea-
s ured respons e of the filters Is presented in Figure 3-39.

rformance of the qualifi cation ci rcuit is pres ented in Table 3-8.

Tab le 3-8

QUALIFICATION PERFORMANCE

Effective
Input 

~ LL ~ LH ~ HL ~ HH Bandwidth
Power Ou t In In Ou t MHz

-3D 2497.3 2497. 5 2502.2 2502.9 4.7
—50 2497.3 249 7.5 2502.1 2502.4 4.6
-70 2497 . 3 2497.6 2502. 1 2502.3 4.5
-75 2497. 3 2497.6 2502.0 2502.3 4.4
-80 2497.2 2497.8 2501.9 2502.4 4.1

As seen from the data there exists a small indecision range in the Qualifica-
tion ci rcui t where it Is possible to accept a signal or reject it. All sig-
nals w i th + 2 MHz of center are processed and all signals outs ide + 3 MHz
are rejected. One ef fect of the Qual . is the apparent use of an infinite
rejection IF fi lter as signals greater than + 3 MHz of center frequency are

not processed.

3.7 CONTROL LOG IC ASSEMBLY

This assent ly provi des the Interface between the SPU and receiver , the 0/A
conve rter ci rcui ts for control of the Local Oscillator and RF attenuator , and

the switch dri vers provi ding current to the RF and IF switching networks.

Tables 3-9 and 3-10 provi de performance data on the 12 b i t  0/A and 8 b i t  0/A

converters. 
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Table 3—9

12 BIT D/A CONVERTER PERFOR~1AN CE

Bit 
Ou tput Volta ge vs Tempera tur e

Weight +250C +70°C 0°C

MSB 5.118 5.119 5.119

2.558 2.559 2.559

1.2796 1.2803 1.2797

0.6398 0.6405 0.6396

0.3197 0.3204 0.3195

0.1599 0.1606 0.1596

0.0800 0.0807 0.0796

0.0400 0.0407 0.0397

0.0199 0.0206 0.0195

0.0100 0.0107 0.0096

0.0050 0.0057 0.0047

LSB 0.0025 0.0032 0.0022

Offset 0.0000 +0.0008 -0.0003

A~~63 
-



Table 3-10

8 BIT D/A CONVERTER (TESTED AS 10 BITS) VS TEMPERATURE

______________ 
Output Vol tage vs Temperature

Bit
Wei ght +25°C +85 C -10 C

MSB 5.124 5.123 5.1 25

2.566 2.566 2.567

1.287 1.287 1.288

0.6462 0.6464 0.6~63

0.3242 0.3243 0.3242

0.1635 O.1~ 3E 0.lE36

0.0852 O.D~5~ 0.0851

0.0451 0.0455 0.0449

0.0251 0.0256 OJD24~

LSB 0.0148 0 0152 0.0146

Offset +0.004 +0.005 +0.004
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1.0 PULSE CONVERSION UNIT CHARACTERISTICS

1.1 FUNCTION OF PULSE CONVERSION UNIT

The function of the Pulse Conversion Unit (PCIJ) is to digitize the video
pulse outputs of the Interferometric Landmark Tracker (ILl) Receiver and

- 
- output this digital data to the Signal Processing Unit (SPU). The PCU

also receives mode control and receiver tuning words from the SPU to
control the mode of operation of i ts self and the receiver , and to tune
the receiver to the proper frequency .

1.2 INPUTS AND OUTPUTS OF THE PCU

* 
The inputs to the PCU from the receiver are one log video si gnal (LV) ,
one fine frequency (FRF) , one accept pulse (QUAL) , and four phase s ignals
(sinA , CosA , SinB , CosB) . Signal processing starts upon the receipt
of a LV pulse that has sufficient amplitude to exceed the minimum thres-
hold level. When the LV signal has settle to its final level a hold
gate and qual strobe are generated . The hold gate causes sample and
hold circuits connected to the LV , FRF and phase inputs to hold the
value of those input s ignals  at that instant of t ime . The qual strobe
interrogates the qual si gnal to determine if the input should be accepted
or rejected.  The held values are ser ia l ly  mult iplexed to an e igh t
bit  A/D converter who ’ s output is held in a dig ital register until  all
the parameters are converted . The Time of Arrival  (TOA) of the input
RF pulse is also stored in these registers . The TOA is determined by
an Adaptive Threshold Detector (ATD ) which indicates when the log video
is at its minus six dB point on the rise time . At this point , the count
of a 32 bit 60 MHz counter is strobed into  the storage reg ister to
indicate TOA for that particular pulse.

When all of this data is in the storage register it is transferred to
the SPU via a 16 bit data ready , data acknowledge parallel  in ter face .

The PCU also receives inputs from the SPU which is a 16 bit data read y ,
data acknowledge interface.  This interface transfers the mode of opera-
tion that the PCU and receiver should be operating in  and the tuning
word that  tunes the receiver to the correct frequency for processing
landmarks.

1.3 MODES OF OPERATION

The PCU operates in four different modes which are Normal , RF Frequency
Calibration , IF Calibration and Standby . The SPU commands both the
PCU and receiver to operate in a p ar t i cu la r  mode by i ssuing a specif ic
mode control word or descrete s igna l .  The mode control word format is
shown in Table 2 . 5 .

1.3. 1 Normal Mode

In the norma l mode the PCU receives pulse data that  represents amp l i tude ,

________________ ~~-— - -- ~~~~ - -
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f ine  f req uency and phase from the receiver. It dig itizes these terms
and holds them along with the TOA in storage registers. It then commands
the receiver to go into a calibration mode where signals of equal phase
shift and of the same power level cf the pulsed input are injected into
the receiver . After 11 us the phase inputs are held and digitized .
This phase information is also put into storage registers. The SPU is
then given a data ready and the data stored in the registers is transferred
to the SPU . After all the data is transferred , the PCU is reset and can
proce ss another input .

1. 3.2 RF Frequency Calibration Mode

In the RF Frequency Calibration Mode a signal with known frequency and
known a~plitude and with equal phase shift is injected into the input
of the receiver channels. Eleven microseconds after the unit is commanded
to go into RF Frequency Calibration Mode the PCU will hold the values
of amplitude , f ine frequency and phase and will digiti:e these terms .
Also the TOA register will store the TOA at hold time. hhen al l  t erms
are in the storage reg isters the data will be transferred to the SPU ~-ia
the data ready acknowledge l~ bit interface. After all data is trans-
ferred the PCU is reset , another 11 us time out is generated and the
di giti:ing cycle starts all over again . The PCU will keep cycling in
this mode until t he  SPU comm ads another node of operation . This mode
can be used for the follow ing funct ions :

1. RF Frequency Calibrati on
RF Phase Calibr ation

3. Built In Test
4. Real Time Counter for SPU (using the TOA readings)

1.3.3 IF Phase Calibration Mode

In the IF Phase Calibration Mode inputs with known nhase shifts of_o _ o _ , ~o -, - -+l.~ and +_25~ are applied to the IF channel inputs. The
SPU commands the  PCU and receiver to be in the IF Phase Calibration
Mode and commands the receiver  to apply specif ic  test input . A f t e r
wai t ing  11 us for swi tching and se t t l ing  the PCU holds the values of
amplitude , frequency and phase. It then digitizes the values of the
SinA , CosA , SinS and CosS phase t erms. Af te r  these terms are in the
s torage reg isters the data is transferred to the SPU via the 16 bit data
ready/acknowled ge interface. W hen the transfer is compl ete the PCU is
rese t , it will resaxnple the inputs after an 11 us delay and dig iti:e
the phase terms again. The PCV will continue to cycle in this mode
until commanded to enter a new mode.

l. 3.-~ Standby rode

This mode is entered by the SPU sending a discrete signal to the power
supply. The power supply will then turn off all the PCU power excert
for the voltages going to the TOA Counter/Buffer nib (A12A) and the
Osc illa tor Assembly ~At ) . The voltages for the A12A and A6 assemblies
are on separate nib layers in the backpanel and are supplied by the
st andby capability of the power supply.
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This allows the TOA counter to run while the rest of the unit is off
thus keeping an accurate real time measurement .

1.4 PCU PROCESS CYCLE TIMING

The time required to dig itize the receiver inputs is dependent upon
the mode of operation . For the three modes the time from the generation
of hold gate to the tim e conversion complete is generated is:

Normal 33 us J
RF Frequency Cal 26 us
IF Ca1 26 us

A timing diagram for these modes is shown in Figures 1.1 , 1.2 and 1.3.

1.5 CHANGING BITS IN MODE AND TUNING CONTROL WORDS

When the operation of the PCU requires that the Mode or Tuning Control
Words be changed it is required that first  jus t  the Process Enable
bi t be turned off (Bi t 15 = “0”) and then wait until any pending data
be transferred to the SPU.

The time to transfer pending data is the sum of the processing t ime of
the PCU plus the I/O time of the SPU. The processing time of the
PCU is mode dependen t and is as fol lows for the three modes :

Normal 34 us for narrow pulse mode , 39 us for wide
RF Freq Cal 28 us
IF Ca1 28us

After this time any number of bits may be changed .

1.6 PCU PROCESSING ERRORS

— 
Table 1.1 shows the errors at room temperature and over the 0¼C to 70¼C
temperature range encountered for SCHANS for each of the function in the
analog processing chain . For each of the terms processed a slightly
di f ferent  processing chain is encountered . Therefore the PCU processing
errors are a func tion of the term being converted.

1.6.1 Ampli tude

The amplitude term (Log Video) chain contain a Sample and Hold , Multi -
plexer , and A/D converter .

At 25°C

Error (max ) = 5 + 8 = 13 mV

Error (RSS) = (5) 2 + (8)
2 

= 9.4 my

o to 700 C
Error (max) = 10+1.3 to .4 + 12 = 23.7 mV

2 2 2Error (RSS) = (10) +(l.3) +(O.4) +(12) = 15.7 mV
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Table 1.1. Errors of Each Function in The Analog Processing Chain

FUNCTION Error In MV
- - 

_ 
25°C 0 to 70°C

Sample and Hold

- Gain 5 10
- 

Offset 0 1.3

Absolu te Value Amplifier

Gain 1 1.5
Offse t 0 1

Mul tiplexer 0 .4
- 

A/D 8 12

Frequency Level Shift

Gain 1 1. 5
Offset  0 5

‘
I

F
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1 .6.2 Phase

The phase terms (sine and cosine) have a Sample and Hold , Absolute V alue
Ampl i f i e r , Multi plex er and A/D converter in the processing chain.

At 25 °C

Error (max) S +,l + 
~ 

-, = 14 mV
Error (RSS) (5) +(l) ÷(8) = 9.5  mV

0 to 70 °C

Error (max) = 19 + l .3~-, + 1.5 ~ 1 +~ .4 + l~ 2 5 . 2  m\
Error (RSS) = ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i 5 . S  mV

1.6 .3  Frequency

The frequency processing chain is the Sample and Hold , Level Shi ft ,

~-lul tiplexe r and A/D Converter.

At 25 ° C

Error (max) = S + ,l + 14 mV
Error (RSS) = (S~~ + ( l ~~~+( 8~~ = 9.5 mV

~~~~00 LO / 0  C

Error (max) = 10 +~~l .3  + ,4 + 1~~ 5 ÷~~l2 ~ =~ 30..  V 
~ vError (RSS) = ( l O y÷ ( l . 3y + ( 0 . 4 y +( l . 5) -+ ( S y + (l2 y  o. m

1.7 PCU POWER SUPPLY REQUIREMENTS

The current required for each power supply voltage is given in Table
1.2 for each mib in the unit. Also the power dissipated for each nib

-t is given in th i s  table .  Total power supply curren t and power d i s s ip a t i o n
for the PCU is also given in Table 1.2.
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2.0 PCU BLOCK DIAGRAM DESCRIPTION

The ILT Pulse Conversion Unit (PCU) shown in Figure 2.1 is basicall y
a phase and TOA processor. Along with phase and TOA , th is processor
als o di gitizes amplitude and frequency. The circuitry is contained on
eight 4 Pi mibs with ninety-eight pin connectors .

- 
- From a signal flow point of view , the first page All consists of the
‘ 

sample and hold nib and the amplitude processing nib. The A side of
the All page is the sample and hold nib which contains five h’- -bri d
sample and hold circuits , four are used for the phase discriminator
sine and cosine outputs of baselines A and B and one for the frequency
discriminator output . The sample and hold nib also contains a level
shifter for the fine RF input . This shifter transforms the — lV fine
RF input voltage range to a 0 to ÷2V voltage range . Thus making i t
compatible with the 0 to +2V input range of the A/D converter .

The B side of the All page is the amplitude procesing nib -.-.hich contains
pulse width reject circuit and frequency window reject circuit. The
pulse width reject opevates in two mc~des , one being narrow pulse mode
where pulse iess than 0.7 us are rejected , the other being wide pulse
mode where pulse less than 5 us are rejected. It also generates a hold
gate for the phase discriminator , fine RF and amplitude sample and hold
circuits. The frequency reject window , which can be enabled or disabled
by the mode control , will reject input pulses with a fi:~e PP val ue of
greater than +200 mV which corresponds to a 1 ~1Hz frequency range .

This nib also contains the adaptive threshold detector (ITO) and the
minimum threshold detector. The minimum threshold detector determines
the systems minimum processing level. The ITO generates the 101 strobe
which occurs at the time where the leading edge of the input RF pulse
is 6 dB down from the peak of the pulse , this being the most stable
timing point on the input RF pulse.

The 110 page consists of phase processing nib and an A/D converter
nib. On the phase process ing nib , bipolar signals (+:V amplit-ade of
the sine and cosine terms are transformed into unipolar signals (0 to
+2V amplitude) by the absolute value amplifiers ; this output is then
sent to the A/D converter. This nib also contains circuitry for the
octant determination of the 360° coverage of the sine and cosine signals.
This octant information is coded into a 3 bit word and becomes the
three MSB’s of the phase word . It also contains an analog nultiplexer
that inputs the phase , amplitude or frequency si gnals to the A/P
converter.

The A/D converter nib on the B side is an S-bit A ID converter with a
conversion speed of 2 us and accuracy of +1 LSB. The value of the MSB
is 1.0 volts and the value of the LSB is 7.51 mV .

The 112 page contains the 01 counter nib on the A side , and the Data
multipl exer nib on the B side . The TOA counter nib receives a TCA strobe
from the ATE) which strobes the count ~ t that i n s tan t  in to  a 3 -b it  h C . f f e r

_ _ _ _ _  -~~ 
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f register . The clock for the counter is generated either by a 60 MH:
temperature compensated crystal oscillator or from a phase locked loop ,
which has the caoabil ity of multiply ing by s ix a signal from a 10 ~ -iz
atom ic clock.

The data multiplexer mib receives the digital data from the A/D converter ,
the octant bits from the phase process ing and the 32 T’)A data bits ,
and formats it into seven , five or four 16-bit words depending upon
the mode of operation (Table 2.1). The data formats are shown in Tables
2.2 through 2.4. This data is then sent to the SPU via a data ready!
acknowled ge handshaking interface. The interface circuits are National
DS7820/30 -driver receiver combination.

The 113 page contains the mode and timing control mib and the RF contro l
logic nib which is par t  of the receiver. The tuning and mode control
bits to the PCU. The SPU output word format is shown in Tables :.5
and 2.5. It also sends a calibrator control word to the recei’.-er which
in inversely proportional to the power of the input pulse.

The 114 page contains the process cycle timing circuitry on the S side
mib and has a blank nib on the A side as a spare for future growth.
The process c y c l e  tim ing nib generates all the timing signals required
to accomplish the analog multiplexing, A/D conversion and ~oad~ng of
the data reg isters or. the data rnux nib.

- - — -- B-17
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3.0 DETAILED DESCRIPTION OF 0PEP~TI 0N FOR EACH MIB

This section provides a detailed descri ption of the operation of each
mib in the PCU . In order to understand the operation the reader will
require a set of schematics to follow the description. The drawing
numbers for each of the schematics are as follows :

LOCATION FUNCTION SCHEMATIC NO.

1101 SIDE PHASE PROCESSING 6102857
h U B  S I D E  A ID CONVERTER 6102867

All A SIDE SAMPLE AND HOLD 6102787
All B SIDE AMPLITUDE PROCESS ING ~l02797
112 A SIDE TOA COUNTER/BUFFER 6102807
112 B SIDE DATA MIJX 6102817
113 A SIDE MODE AND TUNINC CONTROL 6102887
114 B SIDE PROCESS CYCLE TIMING 6102S37
16 OSCILLATOR ASSEMBLY 6102753

3.1 PHASE PROCESSING MIB (110 A SIDE)

The functions packaged on this nib are the Absolute Value Amplifiers ,
P hase Process i ng Logi c and the Analog Multi plexer .

There are 4 Absolute  Value A n i - l i f i e r s  (AVA ) on the nib , one for each
sine and cosine input . When the input is positive the output of U7 goes
negative and the output of 08 goes positive causing CR2 to become re-
versed biased and CR4 to become forC.~-ard biased . Thus the path from the
input to the output of the AVA is thru non inverting amplifier US.
Since CR2 is reversed biased the feedback loop for P7 has been opened
thus CR1 is included to prevent the output of 07 to go to negative
supply voltage. The output of U7 is clamped to about - .V . When the
input voltage is negative the output of U7 goes positive and the output
of U8 goes negative causing CR2 to become forward biased and CR-i to
become reversed biased . Thus the path from the input to the output of
the AVA is thru the inve r t ing  un i ty  ga in  a m p l i f i e r  07 . The gai n of
the stage is es tab l i shed  by the pair  of matched resistors R231 and R 3B.
The tolerance on the matching of this pair of resistors is 0.05°o and

C the TC tracking is 5 ppm . Under this condition CR4 is reversed biased
and the feed back path for US thru R24A is open circuited . Thus, CR3
is included to keep the output of PS from going to the negative supply
v o l t a g e .  The output  of U8 is changed to about - . .V .

The offset voltage of U and US can be compensated for by adiustin c
R31 and R32 respectivel y . The offset voltage of 08 is adiusted for :ero
by appl ying a small positive input to the AVA input and adju-ting R32
until the AV-\ output voltage is equal to the input voltage. To adju st
the offset voltage of U to :ero a small negative input should be
applied to the AVA input and R31 adjusted until the AVA output is equa l
and of opposite polarity to the input.

Each sine and cosine input has a comparator (Ui , 02 , U3, 04) associated
w i t h  i t .  The func t i on  of t h i s  compara tor  is  to ind ica te  to the phase
decode logic  the  p o l a r i t y  of each of these  in;~uts. A lso the output

— - - — - D . ~~ A. - - - --
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of the sine and cosine AVA ’s are compared to each other by two compara-
tors US and 06. This gives an indication to the phase decode logic of
the relative magnitudes of the sine and cosine.

The states of these comparators are strobed into registers UlS and 016,
by SECTSTR ,to be used by the decode logic and to control the phase
portion of the analog multiplexer . The strobe occurs at MUX1 t ime
which is at least 1 us after hold gate which gives sufficient time for
the AVA and comparator outputs to s e t t l e .  This data w i l l  then be used
by the decode logic to detem~ine the octant bits and which input , sine
or cosine , to convert .

In order to maintain the hi ghest accuracy in processing the phase data
the input that is converter must be on its steepest slope. For examp le
between 0 to -45° the sine should be selected and between 43 0 to 135 0

the co sine selected , etc. This decision is made by comparing the
absolute value of the sine to the cosine and selecting the one that
is smal le r .  Thus SELSA is a “1” when ACA is greater than ISA and SELCA
is a C l ~

I when ISA is greater than A d .

Fi gure 3.1 shows the amplitudes of the sine and cosine inputs verses
the electrical degrees of phase shift . Actually the sine input is
-sineØ. For each octant the following observation can be made:

OCTANT POLARITY POLARITY RELATI VE AMPLITUDE
OF SINE 0F COSINE OF SINE S COSINE~~

BO Bi 82

O 0 0 — + ISV- C
O 0 0 - + C I<.IS I
0 1 o - -
O 1 1 - -
1 0 0 -~- - I SR I CJ
1 0 1 - - I C I~~ISI
1 1 0 + + IC~<.ISI
1 1 1 + + ISV IC’

Note , BO is a f 0 ~~f when the sine is negative and is a “1” when the sine
is positive . Thus P1-IDECØA is the same polarity as SAG .

Also when the sine and cosine are the same polarity Bl is a “1 and
when they are opposite polarity Bi is a 0’ . This function is the
not of the exclusive or of the polarities of the sine and cosine . This
is accomplished by taking the inverse of SAG (016 pin 3) and doing an
excl usive or -Jth CAG (U16 pin 10) to generate BI whi~h is PH DEC 1. -\ .

To obtain B2 note that whenever /SI~~C ’ comparator (Ub) output and Bi have
the same log ic state. 82 is a “1” and when the~- have a different lo4ic
state B2 is a “O’ . Thus the ISI>!C/ output of Ul6 (pin 7) and PH DEC 1,\
are exc lus ive  ored to gener~ate PH DEC21.

The same log ic is repeated for phase B inputs. 

——-- .—~~~~ -~~~~~~~~ - - - - -—- --- -_ - - -
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The last function on this mib is the analog multiplexer which switches
amplitude , frequency and phase voltages to the A/D converter. The multi-
plexer is comprised of 4 dual JFET switches , 023 thru 026. JFET switches
were selected because of the difficulty encountered in radiation harden-
ing MOS circuits. The Il-f 5004 has a turn on time of less than .3 us
and a turn off tine of less than .3 us thus the 1.1 -us dead time bet-~een
conversions will ensure that no two switches are fully on simultaneousl y.
The on resistance is 50 ohm thus the error introduced by this series
on resistance and the hig h input impedance voltage follower in the AI~
converter is neg li gible.

One switch in U26 is a shunt sdtch and connects the 1/0 input to ground
thru a 1K resistor when the  mul t ip lexer  series switches  are not being
activated. This will insure that the input stage to the ~/D converter
is never working fro m a hi gh output impedance for  a long period of t ime .
If the input to the 1/0 was open circuited the stages could go into
saturation causing a long recovery time for the next conversion .

The logic driving the multip lexer is desi gned such that the conversion
are made in th-~ f o l l o w i n g  order for each of the three modes:

- - , I) I . I~
P O f t ~-tAL RF FRF~~ - I ’  CII.

I .-\mp i~:~ Jo .-\mnlituu- : - - -

2 e~j nenc~ Creouenc - 

-

~ 
- ~s A

3 ~~ ifl/-\/LOS/ .\ - ~ n/ Go - - - - -

Sin ;Mi Cus/B sin/F ~iTu~ - , C -  U

— 
S J (;

~, i - S in / \  : - S / \

I - - - I - 
Ca 1-S i n~ B - ’ 0 I s ~~~~ —~ -~

3 .2 ANA L OG -T O-D I - 3 ITA L  C-J~ciE~~~TER MIB ~A l0 B SIDE)

This nib contains an eight bit c y c l i c  analog-to-dio~ita1 converter. an

f S bit storage register and a gray to binary code converter.

The a n a l o g - t o - d i g i t a l  converter which has a total conversion tine of
-800 nanoseconds for ei ght bits is shown in Figure 3.2 in Piock di1:ram
form . The f u l l  schematic is shown in d r awing  no. ôiO S6 . The c -unv-~’:~
is ar1 eig ht bit cascade-~1 analog to Gray code con . -rtc r ~hich Pu s
input v o l t a g e  ran ge  of 0 to + 2 V .  In additiun to speed , th is t’- of
a converter has the following iuvantage s : 

-------- 
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1. No external timing is required to provide an output.
2. The converter provides a continuous output.
3. A change in the analog voltage equivalent to one bit will cause

only a one bit change in the Gray code output. In a binary
code, it is possible to change from 01111111 to 1000000. All
eight bits have change for an analog change equivalent to one
bit .

The converter consists of the first stage which determines the MSB
followed by seven identical stages which have an inverted V transfer
function as shown in Figure 3.3.

The output of the first stage unity gain amplifier (UI) is applied to
a voltage comparator (U16) which determines the most significant bit .

The seven succeeding stages consist of a pseudo absolute value amplifier
which provides a non-inverting gain of two or an inverting gain of two
with an offset. The mode of operation is dependent upon the state
(0 or 1) of the voltage comparator of each preceding stage. If the
input voltage (E e~~’ 

the output of the voltage comparator will be a
zero. The ampli~iêr mode control switch will be in position A. (See
Figure 3.2). In this position a non-inverting gain of two is provided .
If the amplifier input is greater than the reference voltage , the
preceding stage voltage comparator output will be a one. This will
cause the mode control switch to be in position B. In this position
an inverting gain of two with a positive output is provided. The offset
voltage (equal to 4/3 E f) applied to the positive inputs of “B”amplifier is multiplied9y 3 thus providing an output of +2 E ef whenthe input voltage is equal to Eref• 

r

The input amplifiers and the switch of each stage are actually two dif-
ferential amplifiers which are gated on and off by controlling the flow
of emitter current to one or the other as shown in Figure 3.4.

>
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This circuitry is available in integrated circuit form as an MC1S4S.

Figure 3.5 shows the output voltage of the first four stages as a function
of the converter input voltage.

The dig ital output of this converter is in Gray code which is easily
converted to a binary code using exclusive or logic . The Gray code
is initially stored in a register (1.124, U25) before being converted
to a binary code by U2 6 and U27. The registers are loaded with ADCLK
which occurs 2.133 us after the analog voltage is applied to the input .
The maximum time for the data to ripple thru the Gray to binary converter
is about 150 ns. The binary data is strobed into the pulse data registers
on A12 B nib 367 ns after the ADCLK so there is sufficient settling time
for the Gray to binary conversion.

3.3 SAMPLE AND HOLD MIB (All A SIDE)

This nib contains five hybrid sample and hold modules (6088485-7) along
with their associated discrete components and a IV level shifter for
the fine P~F signal.

The sample and hold modules have the capability of being trimmed for
zero offset voltage between the input (pin 15) and the output (pin 29)
by adjusting the 1K pot between pins 25 and 26. A 5.1 ohm resistor is
connected between pins 21 and 22 thus causing a sample and hold mode
of operation . If it is desired to change the mode to a peak detector
the resistor should be moved such that it connects pin 21 to the net
EHGAT which enters the mib at P1-49.

A schematic of the sample and hold module (60884S5-7) is shown in
Figure 3.6. The source control drawing for the module is 6088485.

When in the sample mode Q3 is turned off and Q6 is turned on and is the
constant current sink for the difference amplifier Q4 and Q5. Also Q7,
Q8, and Q9 are turned on and in their quiescent state. When a positive
pulse is applied to the input (pin 15) Q4 conducts harder and Q5 turns
off. The collector voltage of Q4 decreases and the collector voltages
of Q5 increases thus causing Q8 to turn on hard and Q7 and Q9 to turn
off. The collector current from Q8 will then flow into the hold capacitor
CR causing it to charge. This capacitor will charge uniti the voltage
on it is equal to the input voltage at which time the difference amplifier
will become balanced causing QS and Q9 to be in their quiescent condi-
tion thus ceasing charging of the hold capacitor . If the capacitor
should overcharge the difference amplifier will correct for the over
voltage by turning on Q7 and Q9, turning off Q8, thus removing charge

• from the hold capacitor and reducing the voltage stored on it. This
continues until the voltage on the hold capacitor and input are equal
at which tim e the circuit returns to its quiescent state and charging
of the hold capacitor ceases.

For negative inputs Q5 conducts harder and the charging current flows
thru Q9 causing the voltage on the hold capacitor to go negative.
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Once the hold capacitor has charged to its correct value the hold mode
is entered by causing the HOLD GATE input (pin 17) to go from -8.2V ,
sample mode to -3.2V , hold mode. This causes Q3 to turn on thus causing
the current sink Q6 to turn off. This also causes the difference am-
plifier (Q4 and Q5) and the charging transistors Q8 and Q9 to turn off.
Thus, there is no discharge path for the hold capacitor and it holds
the voltage level of the input pulse until the hold gate returns to the
sample mode (-8.2V).

The voltage on the hold capacitor is buffered to the output by an LM11O
which is a high speed, high input impedance, low bias current unity gain
buffer. CR4 is included to reduce the output leading edge spike. The
low pass filter R27 and C2 are included to insure stability.

The input pins marked with a D are for decoupling and have an external
.1 uf capacitor connected to them. Pins 20 and 23 also have a 15 uf
capacitor connected to them to keep the voltage constant at these points
during the charging of the hold capacitor.

Connected to the output of the Fine RF sample and hold is a +1V level
shifter. This is required because the Fine RF input signal has a +1V
range and the AID converter’s inputs range is 0 to +2 V. 1J6 is con-
nected as a unity gain summing amplifier and sums the SFRF signal and
+1V reference to accomplish the +lV level shift.

3.4 AMPLITUDE PROCESSING MIB (All B Side)

The functions that are packaged on this MIB are as follows:

1. Adaptive Threshold Detector (ATD)
2. Minimum Threshold Detection
3. Hold Gate Generator
4. Frequency Window Reject
5. Pulse Width Reject
6. Log Video Sample and Hold

3.4.1 ATD Circuit Description

The ATD compares the peak detected log video which has been level
shifted by -150 mV (6 dB referred to the receiver input) to the delayed
(400 ns) log video. The wave forms of the inputs to the comparator
(U2) are shown in Figure 3.7. The inverted output of the comparator
is fed to the clock input of a 54S112 (US) (dual JK flip flop). This
flip flop is held reset by LTHOLD which is generated off the delayed
log video. The delay is 50 ns and it is added so that LTHOLD does not
go to logic 1 before the leading edge noise on ATD comparator settles
out. Thus the TOA STR will remain at a logic 0 until the delayed
-6 dB point occurs as shown in Figure 3.7.

The variable resistor, R2 , is included so that the AC gain through }
both signal paths to the comparator 112 can be equalized. Variable
resistor R6 adjusts the current of the current sink Ql. This current
flows through R2 and produces the required -150 mV DC level shift on
the inverting input of 112 with respect to the noninverting input .
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3.4.2 ATD Circuit Errors

1. Gain and Offset Errors of ATD (-55°C to +125°C)

Sample and Hold Circuit 7 mV
Level Shift 2 mV

• Delay Line Attenuation 10 mV
Comparator Offset 1 mV

Total Error MAX 20 mV r
Total Error RSS 12 mV

Assuming a rise time of 200 ns for a 2V pulse the slope of the leading J
edge will be 10 mV/ns. Thus the gain and offset errors will introduce
2 ns maximum and 1.2 ns RSS error in time measurement.

Gain and offset data was taken on the breadboard over the temperature
range of -55°C to +125°C and was found to be a maximum of 10 mV which
agrees favorably with the calculated error.

2. Delay Line Temperature Coefficient (-10°C to +85°C)

TC = 100 PPM/°C
Error = 400 us x 60° x 100 PPM/°C = 2 . 4  us

3. Comparator Delay Variation Over Temperature (-10°C to +85°C)

t = l.S nspd

4. J-K Flip Flop Delay Variation Over Temperature (-10°C to +85°C)

t = 0.S ns
pd

5. Total ATD Error

The total delay variation for the ATD circuitry is the sum
ç. of the errors determined in the previous four sections:

• 1 2.0 ns max., 1.2 ns RSS
2 2.4 us

• 3 1.5 us
4 0.5 us

Total ATD Error 6.4 ns max., 3.5 ns RSS

6. ATD Temperature Test Results - Just the ATD breadboard was
tested over the temperature range of -10°C to +85°C, the

• data taken is the average delay through the receiver and ATD
for 1,000 pulses. Table 3-1 shows the delay versus temperature
for various elapsed times. The largest errors occurred at
10°C where the delay increased by 2.4 ns and at +85°C where
the delay decreased by 2.4 ns. This compares favorably with
the RSS Error calculated in Section 5.

• •
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TABLE 3.1 ATD TEMPERATURE DATA

E LAPSE [) TiME TEMPERATURE DELAY

(H R S:MI N ) (°C) (NS)

00:00 ’~ -10 863.4

00:05 - - -10 863.6

00:10 -10 863.6

00:30 +25 861.5

00:35 +25 861.2

00:45 +5~ 860.6

00:50 +50 860.6

ci:
00:55 +70 859.6

01:00 +85 859.2

• • 01:05 +85 859.1

01:10 +85 859.2

01:15 +85 859.0

01:20 +85 858.8

*After 15 minutes at -10°C ambient.



7. ATD Breadboard Test Results - Figure 3.8 has two pictures that
show the delay variation of the ATD output as the temperature
changed from +25°C to +80°C. The change appears to be about
2 ns which correlates with the 2.4 ns shown in the data in
Table 3.1.

3.4.3 Minimum Threshold Detector

Detection of an input pulse exceeding the minimum threshold of the system
is indicated by the uA 710 comparator 118. The threshold level is set

• at about 250 mV on pin 3 of 118 by the variable resistor R29. Resistors
R30, 31, and R36 provide hysteresis for the threshold detector. Hysteresis
is introduced by the action of 1.19 output going to a logic 0 when the log
video pulse initially breaks threshold. This causes the reference voltage
on 1.18 pin 3 to decrease by 30 mV due to the feedbakc path through R3l.

• The delay in the threshold required for the ATD is provided by the 50 ns
delay line (DL2). The signal RTHOLD is the raw threshold that is not
degated by any of the control signals and is used to indicate to the PCT
mib the input pulse has ended, thus a reset can be made. Thresholds
can be disabled by PROCEN (mode control from SPU), PBUSYN (from PCT
indicating a signal is being processed), RCVBLKN (from receiver indicating
a signal is being processed or receiver is tuning a new frequency), or
NORMAL (threshold can only be generated in normal node). Latched thresh-
old (LTHO LD) is generated by clocking a DFF (UlO). This signal is sent
to the ATD circuitry and to the 95% circuitry.

3.4.4 Hold Gate Generator

The comparator U7 compares the output of a SO us delay to the output of
an attenuator with a 5% attenuation. Thus when the log video has reached
95% of its final value, the comparator output goes to a logic 1 indicating
the 95% point on the log video pulse. This point is used to start the
timing for the generation of the hold gates for the sample and hold
circuits. In the narrow pulse mode (NNPN) a delay of about 400 ns
(1112 Pin 12) is introduced before LHOLD is issued by 1114. In the wide
pulse mode (NWPN) a delay of about S us (1112 Pin 4) is introduced
between the breaking of threshold (LTHOLD) and the generation of LHOLD .
LHOLD is reset by RSTHLDN which occurs after the radar pulse processing
is complete or after the process cycle is complete. It can be set by
CAUI4SN which is generated by the process cycle timing nib to generate
a hold gate when the time out has expired for the settling of the
receiver circuits when the unit is in one of the calibration modes .

The 95% point signal also goes to 1113 which introduces about a 500 ns
delay to generate STRQUAL. This signal strobes the receiver qual signal
which indicates an in band signal . There is more delay in the receiver
for the qual signal than for the log video , phase or frequency signals
therefore the qual strobe has to be delayed more than the hold gate.

Two separate hold gates are generated , one for the phase and frequency
sample and holds (HOLDGPF); the other for the log video sample and hold
(HOLDGLV). The sample and holds require a hold gate that is a -8.3V
in the sample mode and at -3.3\’ in the hold mode . These levels are
generated by the level shifters Q5 , VR2 and Q6 for HOLDGPF and Q7, VR3

• and Q8 for HOLDGLV . Two hold gates are generated as a precaution in
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the case where the receiver timing would be such that one hold point
would not be sufficient to sample all the pulse data at the optima l point .
Should the case arise that all pulse data could be sampled at one time ,
one of the hold gates can be eliminated thus saving components and power .

3 . 4 . 5  Frequency Window Reject

This circuit indicates when frequency discriminator signal is outisde
of a +200 mV window . The output of the frequency sample and hold (SFRF)
is applied to the inverting input of one comparator in the dual com-
parator 1111 and the non-inverting input is connected to a voltage
divider (R40 , R43) which is the lower bound . If the lower bound is
greater than SFRF the output of Ull  wi l l  go up indicating the signal
is out of range (RFOOR) . The other half of the dual comparator non- r
invert ing input is connected to SFRF and the inverting input connected 7

• to the upper bound derived from the voltage divider R41 and R42. Thus
when SFRF exceeds the upper bound the output of the comparator 1111 wi l l
also go up indicating an out of range condition. The out of range signal
(RF OOR) is sent to the PCT nib where the pulse being processed wil l  be
re jected , and the PCU wi l l  look for a new pulse , if the PCU is in the
Use Frequency Window Mode and if the si gnal is out of range.

3. 4 .6 Pulse Width Rej ect

The pulse width re~ ec circuitry operates in two modes; one being the
narrow pulse mode the ther being the wide pulse mode. When in the
narrow pulse mode (NNPN=0) the minimum pulse width is checked between —
the 6 dB points and is tested for a minimum width of 600 ns .  The signal
NNPN= ”O” enables the 600 ns time out single shot 1115 and resets the
DFF Ul6  such that wide pulse accept (WPACC) is a logic 1. The leading
edge of the signal 6 dB points triggers the s ingle  shot 1.115 such that
it t ines out 600 ns. When the time out ends the rising edge of 1115 pin
4 clocks the DFF U l6 such that if the signal 6 dB points is s t i l l  present

• a “I”  is clocked into 1116 pin 5, thus indicating the pulse width is
greater than 600 ns (NPACC= ”l”) . If the pulse is less than 600 ns wide
then NPACC will be a “0” and the PCT nib will reject the pulse.

In the wide pulse mode (NWPN=O) the 5 us time out of UlS is enabled
• and NPACC is forced to an accept (NPACC= ”l”) . The time out is started

by LTHOLD and if after 4 . 5  us the pulse s t i l l  exceeds threshold (RThOLDN
= “0”) then 1116 pin 9 (WPACC) is clocked to a 1. If the pulse is less
than 5 us wide WPACC will be a “0” and the PCT nib will reject the

• pu lse .

3 .4 .7  Log Video Sample and Hold

The sample and hold hybrid circuit used for the log video term is con-
nected such that  it operates as a peak detector. Thus the module requires
an end of hold gate (EHGAT) to reset the output to zero af ter  all processing
is complete.  EUGAT is normally at -14V and when the module is to be reset
th is  signal becomes - lv .  ft is connected by p lac ing R 12 between 1.14 p in 21
and the EUGAT line. The hold capacitor is C21 and the resistor Rl3 is
added to roll off the response. The offset between the input log video
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(LV) and the output amplitude (LVAMP) is adjusted to zero by the variable
resistor R14.

• EHGAT is generated by ARSTN driving the saturated switch Q2 whose collec-
tor switches between ground and -lSV supply. The push/pull  emitter fo l lower
Q3 and Q4 drive this signal to the sample and hold modules .

3.5 TOA COUNTER/BUFFER MIS (A12A SIDE)

The TOA nib is made up of three basic circuits , TOA SAMP LER , TOA COUNTER
and TOA STORAGE REGISTERS .

• The TOA COUNTER counts from 16.7 ns to approximately 35 .7 ns in 32 b i t s .
With a clock frequency of 60 MHz , the counter counts continuously.  The

• f irst  four bits  of the TOA counter are made up of four J-}( Fli p-Flops
(A3 , AS , 85). Due to the high speed of the clock , the use of Schottky
log ic for the four LSB bits was necessary . The TOA SAMP LER circuit is
a negative ed ge triggered input . The TOASTRN clocks the J-K (C2) which
caused the input of the next J-K (C2) to go Hi gh .  The second half  of

• J -K (C2) and both sections of J -K (C3) form a three bit  shif t  reg is ter
which is reset after  the Third 60 MHz c lock.  The output of the third
stage of the shif t  reg ister is ANDed with the 60 MHz clock . The output
of the AND circuit strobes the four bit storage register  with the in-
stantaneous data from the TOA COUNTER . 60 MHz Buf is run through the
same gates as the TOA Sampler STGS 1 ~ 2. This is done so that the
60 MHz TOA and TOA Sampler STGS 1 ~ 2 have the same amount of delay .

The outputs of the f irst  four TOA COUNTER stages are used to generate a
TOA SAMPLER N strobe which in turn strobes the remaining 28 bits of
TOA data from the counter .

The outputs of the f irst  four counter stages are cal led TOA STG1 , TO..kSTG2 ,
TOASTG3 , and TOASTG4 . TOASTG 1 , TOASTG 3 and TOASTG4 are ANDed with Q3
RSTN and then go to the K input of the J-K (A3) . TOASTG2 is used as a
clock for J-K (A3) . Q3RSTN sets the J-K (A3) to a “1” af ter  the clock
has clocked a “0” on the Q output . It is the negative going ed ge that
clocks the eight storage registers with  28 bits of TOA COUNTER Data .
This strob e for the 28 M SB ’ s (TOA SAMPLER N) occurs just  as ~he !e stages
are going to be clocked and a l l  stages would have been set t led out at
this t ime causing no transition errors in these bits.

3.5.1 TOA Counter Breadboard Test Results

The TOA Counter /Buffer  breadboard was tested as described in the “SCHANS
Crit ical  Component Test Plan ” IBM No.  76-L 74-007 S “B” . A pair  of pulses
(TOA 1 , TOA2 ) strobes the TOA counter at a 200 KH: rate. The test cir-
cuitry takes the difference between TOA1 and TOA2 to generate a L~.TCA
which is compared to an upper and lower bound to determine the error
rate of the TOA Counter/Buffer .

The delay was generated by a shift register that was eight stages long
with a sh i f t  clock of 12.5 MHz.  TOil was taken off of Stage 1 and TOA2
was taken off of Stage S. Thus the delay generated between TOil and T0A2
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was 7/ 12.5 x 106 or 560 ns. This corresponds to 33.6 counts of the TOA
counter and the nominal A TOA observed was alternating between 00100001
(33) and 00100010 (34).

In test #1 the acceptable window was set at 00100000 (32) and 00100011
(35). The test was run for the required time and 19 ~~TOA measurements
were observed outside these limits. The ~~TOA measurements were made
at a 200 KHz rate for 6 days .

For test #2 the window was increased to a lower bound of 00011111 (31)
and an upper bound of 00100100 (36). After running the test for the
required time no ~ATOA measurements occurred outside these limits .

For test #3 the window was decreased to a lower bound of 00100001 (33)
and an upper bound of 00100010 (34) and it was observed that on an

• 

• average 32 ~~TOA measurements were outisde the window every 61 seconds .
• At a ~~TOA measurement rate of 200 KHz this corresponds to an error rate

of 2.62 x 10

The results of these tests are sununarized in Table 3-2.

The errors falling outside the limits of the least significant bit
(i.e., 00100001 and 00100010) are apparently caused by noise on the TOA-
2 trigger pulse. If the6trigger noise is assumed Gaussian , then the
error rate of 2.62 x 10 corresponds to 4 . 7 e ” . For a least significant
bit error of +8.33 nanoseconds (1~ ) ,  a 4 .7~~ value implies a j i t t e r  of
+1.77 nanoseconds (ns). This jitter , combined with an oscilloscope
jitter of +1.1 ns, results in an expected jitter in the TOA-2 trigger
pulse of 4.2 ns. Figure 3.9 is an oscilloscope trace photograph that
shows the TOA-2 jitter and suggests that the observed error rate is
due to noise on the TOA-2 test equipment pulse.

The TOA counter/buffer was placed in a temperature chamber with the test
circuitry and delay circuitry mounted outside the chamber. This was
done to eliminate any temperature effec ts of the test or delay circuits.
At room temperature the time to observe 32 ~~T0A readings outside the
upper bound of 00100010 and lower bound of 00100001 was recorded and
the average time was 40.5 seconds . Two-hundred thousand (200,000)
measure9nts were made gach second , hence the error rate is 32 + 40. 5  x
200 x 10 or 3.96 x 10 . The tests were rerun at the temperature
extremes of the commercial grade logic used in the breadboard (0°C and
70°C). At 0°C the average time was 29.7 seconds and at 70°C the average
time was 44 seconds. Thus the error rates and contributions to the
SCHANS error budget (ERX 16.67 ns) are as shown in Table 3.3. The in-
crease in error rate at room temperature is attributed to noise pickup
on the long lines between the test Circuits and the TOA counter/buffer
in the oven.

3.6 DATA MUX AND CONTROL (Al2 B SIDE)

The function of the Data Mux and Control nib is to format the Amplitude ,
Fine Frequency, Phase and TOA information into a series of 16 bit words
and transfer all or part of these words to the SPU depending upon the
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Table 3.3

B ERROR RATES

Test Temperature

_________________ Error Rate I:rror Bud get Ins)

0 5 .38 x lO~~ S.97 x 10~~

3 ,96 x 1O~~ 6.60 x 1O~~

70 3 .64 x ~~~~ 6. 07 x 10~~
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mode of operation. The modes of operation are NORMAL, RF FREQ CAL and
IF CAL. Table 2.1 shows the data converted in each mode and Tables 2.2
thru 2.4 shows the format of the data in each mode .

In all three modes the Process Cycle Timing nib sends the proper load
pulse at the proper time to the storage registers to load the AID con-
verter outputs into these register. CLK LVN loads the amplitude term
into registers E4 and C4. CLK FRFN loads the frequency term into re-
gisters R4 and P4. CLKPHAN loads Phase A data into registers D4, B4 ,
and A4. CLKPHBN loads Phase B data into registers N4 , Q4, and S4. CLKCPHAN
loads Phase A calibration data into registers F4 , G4 , and H4. CLKCPHBN

~
- I loads Phase B calibration data into registers M4, L4 , and K4 into re-

gisters M4 , L4 , and K4.

The outputs of these registers along with the outputs of the TOA Buffer
registers are tied together and become I BUS bits 0 thru 16. These 16
lines become the inputs for the 16 differential drivers (DS7830) that
sends the data to the SPU. Unloading the data from the storage registers
to the I Bus is dependent upon the mode of operation and is accomplished
as follows for the three modes of operation.

NORMAL MODE

Normal mode of operation is selected by decoding mode control bits 12
and 13. A bit combination of 01 will set the outputs of two multiplexers
54LS153 (Ni , P1) to 1000. This data is present at the inputs of a

• 54LS174 hex DFF (Gi). The address bits will not be transferred to the
input of an up/down counter 54LS191 (Fl) until the rising edge of CNVCMP
is sent from the Process Cycle Timing (PCT) nib indicating that all
data has been loaded in the registers and is ready to be transferred
to the SPU .

When the PCT nib sends the CNVCMP pulse , the Hex DFF (Gi) clocks the
address bits to the up/down counter (Fl) presetting the inputs to a
1000, and switches the 7WDSEL line to a logic “1” . At the same time an
up level is sent to the Data input of a 3 bit shift register (Hl, Ji).

• • The outputs of the register is used to set up the proper loading con-
ditions for the up/down counter (Fl). The enable input will go to a
logic “0” , next the LDCNTR is decoded to go to a logic “0” one half
clock cycle after the enable has gone to a “0”. The down time of the
load gate is equal to one half clock cycle. The output of the up/down
counter (Fl) will now be 1000. This count is decoded by decoder 54LS138
(Cl) and SEL 1 will go to a logic “1” .

AOl 54L5Sl (B2) decodes SEL 1 and 7WDSEL and its output (TOA1 SELN) goes
to a logic “0” .

The data in registers A9 , B9 , C9 , and D9 is put on the data bus when
TOA1SELN goes to a “0” . Then the data is transferred to the output
I/ O thru drivers (DS7830) .

IDRDY is generated two clocks later than the CNTR CLK. IDROY is sent
to the output I/O thru a driver . At th is  point in time no new CNTR

• CLKS will be generated and the IDRDY is at a logic “1” level. Nothing

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • • • - - --~~-—-•~~~~~~~~~~~~~~~~~~~~~~
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w i l l  happen until an lAC K is received to cause IDRDY to go to a logic
“0”. This is done by resetting the 3 bit shift register (Li , Ml) to
a logic “0”. Since LD CLK GATE is still at “1” level the next rising
edge of the 3.75 MHz clock will cause CNTR CLK to go to a “1” level .
Two clocks later IDRDY rises and lACK causes the IORDY to drop to a
logic “0”. This sequence continues until all 7 words have been trans-
ferred to the I/O output .

• When the last word has been transferred one more CNTR CLK is generated ,
causing EOWN to drop to a “0” level .  When EOWN dropped to “0”, XFRC MP
went to a “1” and was sent to the PCT nib indicating that a transfer
of 7 words was completed and control registers were reset to zero .

RF FRE O C.\L MODE

RF FREQ CAL mode of operation is selected by decoding mode control bits
12 and 13. A bit  combination of 00 will set the outputs of two multi-
plex ers 54LS 153 (Ni , P 1) to 0110.

The sequence of events after the RF freq cal node has been selected
is similar to the NORMAL Mode , except 5 ‘~ords will be transferred
instead of 7.

IF CAL ‘.!ODE

IF CAL MODE of ooeration is selected by decoding mode control bits 12
and 13. A bi t  combination of 11 wil l  set the outputs of two rnuit i p lexers
54LS 153 (Ni , P1) to 0101.

The sequence of events after the IF CAL mode has been selected is
similar to the Normal Mode , except 4 words w i l l  be transferred instead
of 7.

3.7 MODE AND TUNING CONTROL (A13 A Side)

• The functions contained on this nib are the SPU interface , mode contro l
reg ister , receiver tuning register , and the calibration control r eg ist e r .
The interface between the SPU and PCU is provided by a data ready , data
acknowled ge transfer of 16 bits of data .  The ground rules for the in ter -

- 

• face are that the data must precede data ready by at least 100 n s and
• the leading edge of data acknowledge loads the data into the storage

register and resets the data ready line which in turn resets the data
acknowled ge line .

On the mode and tuning control nib the data and data ready are received
by DS7820 double ended receivers . Data acknowledge is sent to the SPU
by a DS7S3O doubl e ended driver.

I~~en receiver tuning data is being sent to the PCU the address bit s
BOBUSØØ and BOBUSØ1 are both logic “0” (see Table 2.5 for data fornat).
In this mode a logic ”O”signal has to be sent to the receiver at least
125 ns before the data is changed in the receiver tuning word register.
This is accomplished by applying a logic “1” to the data of U and

• •• • • • • ~~ —~~~~~ - — -
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clocking the FREQ CHG line to a logic “0” with the data ready pulse.
The REC TUN CK is not generated until the delay introduced by the shift
register U6 is complete. This delay is a minimum of 133 ns and a maxi-
mum of 266 ns. A REC TUN CK is only generated when the decoder U4
recogn izes the “00” state for BOBUSØØ and BOBUSfl1. When these bits
are a 01 combination the MO REG CK is generated . The data acknowledge
(OACK) is generated when either of these two clocks is issued by clock ing
the DFF U7. The Q output of this DFF then goes to the DS7830 (UlO)
double ended driver . The acknowledge is reset to zero by the action
of the DATRDY go ing to a zero thus rese tting U7 and the acknowledge
line to zero. Acknowledge is also reset by power on reset (IMSN) when
ever it is issued .

Data bi ts  BOBUSfl2 through BOBUS1 5 are inputs for the double ended
receivers Ul7 through U23 and i~hese outputs are the inputs (CDATB O2 through
CDATB15) for the tuning registers U2 , Ull , U 12 wh ich are clocked by
RECTUNCK. The tuning bits TUNBO2 through TUNB1S to go the receiver
control mib via the E pins on the top of the page. TUNBØ2 and TUNBO3 are
spare tuning bits and are not populated at this time but the circuit
lines are in the nib for future use if required .

The CDATB O4 through CDATB15 also go to the mode control registers U13,
Ul4 , and U24 and are loaded by MOREGCK. The eight node bits stored in
U13 and U14 are defined in Table 2.6. U24 is a spare 4 bit mode re-
gister and can be populated should the requirement arise.

Another function of this mib is to provide the control word for the RF
calibration. When the amplitude of the log video pulse is a maximum for
the received radar pulse the attenuator in the RF calibrator should be
set for a minimum attenuation during the RF calibration portion of
the processing cycle. Also when the log video is a minimum the attenuator

• should be set for a max imum attenuation . A number of examples for
various log amp input voltages to the PCU and required attenuator con-
trol word input code are given in Table 3.4. J

• From this table one can see that the algorithm is to invert the log
video binary output of the A/D converter and add 1 LSB. If we neglect
to add the 1 LSB , thus sav ing the adder , the error in controlling the
calibrator will only increase by 0.234 dB which is considered neglig ible .
Therefore the binary A/D outputs will just be inverted , eliminating
the requirement for the 8 bit adder.

In summary the RF cal ibrator is controlled by holding and inverting in
reg isters U15 and Ul6 the binary value of the amplitude term (Log V ideo
output) out of the AID.

3 .8 PROCESS CYCLE TIMING MIS (A14 B Side)

The process cycle timing (PCT) mib is mainly responsible , as the nib
name indicates , for coordinat ing the var ious timing functions throughout
the processing cycle for each input log video pulse. The various input
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• TABLE 3.4 EXAMPLES OF LOG AMP INPUTS VS. CALIBRATOR CONTROL ~GRD

INPUT LOG AMP A /D OUTPUT REQUIRE D CALIB~~TCR

VO WER OUTPUT CODE CALIBRATO R INPUT CODE
VOLTAGE ATTENUATION

1 
—1

MSB LSB MSB LS3

dE VOLTS dB

— 2 ~~~ 3-i 1.992 j 1 1 1 1 1 1  i~ .234 0 0 0 0 0 C O I

-2~ .463 l.9S~ 1 1 1 1 1 1 1 0 .468 C 0 0 0 0 C 1 0

-33 .7 34  1.74- 1 1 0 1 1 1 1 1 7.734 0 0 1 0 0 0 0 1

-21 .234 1.492 1 0 1 1 1 1 1 1 15.234 0 1 0 0 0 0 C 1

-56 1.000 1 0 0 0 0 0 0 0 30. 1 0 0 0 0 0 0 0

-56 .234 0.992 0 1 1 1 1 1 1 1 30.234 1 0 0 0 C 3 C i

-63.5 ‘ ‘J.730 0 1 1 0 0 0 0 0 37.5 1 0 1 0 C 0 0 0

-73 .234 0.492 0 0 1 1 1 1 1 1 45.234 1 1 0 0 C’ 0 C 1

• I - 8 .5 ‘J.~~~O 0 0 1 0 0 0 0 0 S 2 . 5  
• 

1 1 1 C 0 0 0 0

___________________ B-49



and output signals can be seen in Figure 3.10, PCT MIB I/O . At the
beginning of the process cycle analog s ignals representing phase , log
video amplitude , and fine RF are input to peak detector or sample and
holds. One function of the PCT circuitry is to multiplex these para-
meters into a pulse data register (located on the Data Mux mib - A12B).

The multiplexing operation is handled differently depending on which
mode of operation is desired . Figure 3.11 shows the normal mode timing
for mult iplexing through log video , fine RF , phase A and phase B para-
meters , respectively.  The si gnal “MUX l” is used to gate the log video
parameter through to the Analog to Di g ital Converter (ADC) . After
approximately 2 us the digital bits of the converted log video parameter
are clocked into a holding register by the signal “ADCLK” . At this
point the bits are in gray code. On the output of this holding register
is a gray to binary converter , which converts the gray code bit pattern
to the proper binary pattern in less than 200 ns. Once enough time has
been allowed for this gray to binary convers ion, the signal “CLKLVN ”
clocks the binary representation of the log video amplitude into the
PULSE DATA REGISTER.

Upon comple tion of this data transfer , the “MUX2” and “ADCLK” signals
are sent out to multiplex through and convert the fine RF data and it
is loaded into the proper location in the PULSE DATA REGISTER by CLKFRFN .
Following this phase A and phase B data are controlled by ‘MU X 3” -

“ADCLK” - “CLKPHAN” and “MUX 4” - “ADCLK” - “CLKPHBN ” si gnal group
respectively just as described for the log video above.

Wh en the four th parameter , phase B , has been loaded into the PULSE DATA
REGISTER , a signal , “CALRCV” , is sent to the rece iver to beg in a phase
calibration operation , an operation that occurs for each acceptable th-
coming log video pulse in the normal mode of operation . After a
period of approximately 11 us (to allow for necessary switching , etc. in
the receiver), a signal, “CALMS” is generated which indicates to the
analog processing circuitry that the calibration parameters are settled
out and can be held in the sample and holds. Held values of CAL PHASE
A and CAL PHASE B are then multiplexed , A to D converted and loaded

• into the pulse data register by the signal combinations “MUX i’ -
“ADCLK” - “CLKCPHAN” and “MUX 2” - “ADCLK” - “CLKCPHBN” respect ively
in a manner exactly as described for normal mode log v ideo prev iously .

Once all the parameters have been loaded into the pulse data register ,
a signal “CNVCMP” is sent to the DATA MUX circuitry (A12B) to indicate
that all the data is loaded and ready to be transferred to the Signal
Processor Unit (SPU). Once the transfer is completed , the DATA MUX
c ircuitry w ill send back a signal “XFRCMP” to indicate the successfu l
transfer of all the data. At this point , analog and digital reset sig-
nals will be generated to reset all the circuitry and prepare it for the

• next incoming set of data parameters if the log video amplitude of the
incoming pulse has fallen below threshold. If not , once the log video
ampl itude does fall below threshold , the resets will then be generated .

One thing that will interrupt the process cycle operation is a reject
signal . There may be a reject signal for any of three reasons: (1)
frequency reject , (2) qual reject, or (3) pulse width reject . Should 

~~~~~-~~~~ •- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —-~~~~~~~~ • - -•
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• any of these rejects occur in normal mode , the pulse processing will be

stopped . At this time it will  generate the analog and d igi ta l  resets to
end the process cycle (unless the log video pulse  is not yet below
threshold;  in which case the RESET will not occur until the log video
does go below threshold) .

When in the IF CAL MODE , only phase data is being converted and sent
to the SPU (see Fi gure 3.12 IF CAL MODE Cyc l e ) .  The four parameters are
sin Phase A , cos Phase A , sin Phase B , cos Phase B , respect ively;  the
mul t ip l ex ing  and conversion being done in the same manner as des cribed
in the NOPJ IA L node at operation . After  being converted to binary data ,
the four parameters are loaded into the PULSE DATA REGISTER by ‘CLKPHAN ’ ,
“CLKPHBN” , “CLKCPI-IAN” , and “CLKCPHBN”, respectively.

For RF FREQUENCY CAL MODE , the four parameters being processed are log
video , fine RF , Phase A and Phase B (see Fi gure 3.13 - RF FREQUENCY MODE
Cyci~e). Again these are multiplexed and converted in the same manner as
that described in the NORMAL mode of operation . The four parameters are
loaded into the PULSE DATA REGISTER by ‘ CLKLVN ” , “CLKFRFN ” , “CLKPHAN” ,
and “CLKPHBN” , respectively.

Schematic Sheet PCT-Ø1 - This circuitry generates the si gnals  ‘ MUXi”
through “MUX4 ’ wh ich mul tiplex the various parame ters into the ana log
to digital (A to D) converter . These same signals also create timing
reference points for generation of the PULSE DATA REGISTER load clocks
on schematic sheet PCT-Ø2 .

The basic clocks which are used for this  c i rcu i t ry  are the .9375 MHz and
1.875 MHz clocks broug ht over from the TOA counter (A1 A n i b ) .  The
synchronous UP/DOWN counter U16 (54LS191), preset to a count of 1.
generates a clock to the 4-bi t  pa r a l l e l  access s h i f t  regis ter  U 149
(54LS95A) each time its output reaches a Count of 2 (QB= ”l”) . This
causes the sh i f t  reg ister to clock one of the four DFF s , U 16 or U 1b3
responsible for generating the “MUXi ’ , “MUX2 , “MUX 3” , or “MIJX4’ signals
mentioned above . When the counter U116 output reaches a count of 4
(QC= ” l ” ) ,  a rese! for the DFFs is generated , thus making each “MUX”

• signal two .9375 MHz periods (or 2 .133  usec) long.  The above sequence
is initiated by the signal LI-TOLD , coming over from the analog processing
nib (A1IB) , going to a logical ‘1 ’ level. This occurs at the time the
hold gate is being ini t ia ted for the phase and frequency sa~ple and
holds (on the A11A mib) .

At the same t ine  the reset of the “MUXi’ through ‘ MIJX4 si gnals  occur ,
the signal ‘ SUM4” is generated by U 132 ( 54LS 74 Q-Pin 9) which i n i t i a t e s
a pos it ive going “ADCLK” pulse on schematic sheet PCT-Ø4.

• When LHOLD is a log ical 0, “MXOFF” is a logical 1 (Pin 12 of U128).
This grounds the input to the A to 0 converter (Ui -P in  5 of the A1 OB
\ I I B)  throug h the analog mul t ip l exe r  ( U 6  of the  A1 OA nib)  to a l low the
A to  D converter to respond ~aore q u i c k l y  to the next  parameter to be
converted .

The one other  output from th i s  c i r c u i t r y  is the SECTOR STROBE (‘ SECTSTR”)
which is used to clock the phase sector  bi ts into registers (Ul5 and U16

- —- ~~~~ •~~~~~~~~~~ • • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ • • ~~~~~~~~~~~~~~~
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f on A1OA mib) on the positive going edge of “MIJXl” . Then they will be

available for clocking into the PULSE DATA REGISTER (D4 and N4 on the
A12B mib) later by the signals “CLKPHAN” and “CLKPHBN” (si gnals which

• will be described on Schematic Sheet PCT-Ø2) .

Schematic Sheet PCT-O2 - This circuitry generates the load clocks to the
• PULSE DATA REGISTER (A 12B mib) for each of the three nodes of operation ,

• using the “Mlix” signals generated on Schematic sheet PCT-Øl for basic
timing. (See Figure 3.15 - for PCT- Ø2 Timing Diagram - NORMAL MODE) .

• Each time the positive going edge of an “ADCLK” pulse occurs , the para-
meter being converted through the A to D converted is loading into a
holding register (A1OB mib). After a small delay tine these bits , which
were stored as gray code bits , are output from the GRAY TO BINARY CON
VERTER (U26 and U27 of A1OB nib). At this time the binary bi ts , DATB~O
through DATBØ7, are ready to be loaded into the PULSE DATA REGISTER .

The purpose of the DFF5 (Ul30) on Sheet PCT-Ø2 is to allow a delay of
at least one 3.75 MHz clock cycle (26 7 ns)  af ter  “ADCLK” goes high before
sending out the appropriate load clock . The remaining circuitry decodes
which parameter order is used for the specific mode desired .

The following is the order of parameter multiplexing for the various nodes.

ORDER PARAMETER LOAD CLOCK

NORMAL MODE 1 LOG VIDEO CLKLVN
2 FINE RF CLKFRFN
3 PHASE A CLKPHAN
4 PHASE B CLKPHBN
5 CAL PHASE A CLKCPHAN
6 CAL PHASE B CLKCPHBN

IF CAL MODE 1 PHASE A CLKPHAN
2 PHASE B CLKPHBN
3 CAL PHASE A CLKCPHAN
4 CAL PHASE B CLKCPFIBN

RF FREQUENCY
CAL MODE 1 LOG VIDEO CLKLVN

2 FINE RF CLKFRFN
3 PHASE A CLKPHAN
4 PHASE B CLKPHBN

The first parameter load clock to be generated is gated on by 1.1147-Pin
8 going high, the second by Ul47-Pin 6, the third by U147-Pin 12 , and
the fourth by Ul29-Pin 12. The mode bit “IFCALM ” determines if you are
in IF CAL MODE . If not the first four parameters transferred are the
same (for NORMA L or RF FREQUENCY CAL MODE). Then , in the case of
NORMAL MODE , after the first four parameters are transferred , the signal
“CALRCV” goes high and CAL PHASE A and CAL PHASE B parameter load clocks
are subsequently gated through.
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Schematic Sheet PCT-O3 - This circuitry generates the signal “CNVCMP”

• (154-P in 5) when all the parameters for the given mode have been A to
D converted and loaded in the PULSE DATA REGISTER (A12B mib). In NORMAL

• MODE and IFCAL MODE this occurs when “CLKCPHBN” goes low , while in RF
FREQ CAL MODE this occurs when CLKPHBN goes low .

The one other signal generated by this MIB is “PBUSYN” (Ul55-Pin 6).
This signal goes low when LHOLD goes high and remains there until ARSTN
goes low at the end of the process cycle , at which time it returns to
a high level.

Schematic Sheet PCT-04 - This circuitry generates the signal “IDCLK”
(Ul31-Pin 9) which goes positive and clocks the two DFFs U24 and U25
(54LS 175) on the A1 OB nib each time a parameter has been converted by
the A to D converter to a gray code output . Then, on the next positive
edge of the 1.875 Mhz clock , the “ADCLK” signal drops back to a logical
0 level .

An additional signal generated is “CALRCV” , which goes to a high level ,
only in NORMAL MODE , when the signal CLKPHBN transitions to a logical 1
level , clocking U14l-Pin 5 (54LS74) to a logical I level. The CALRCV ”
si gnal remains a log ical 1 level unt i l  the end of the process cycle , at
which time it is reset by DRSTN .

Schematic Sheet PCT-05 - This circuitry provides a time out of approxi-
• mately 11 us between the rising edge of CALRCV and the falling edge of

CALMSN (U118-Pin 6). In NORMAL MODE this occurs (after conversion of
LOG VIDEO , FINE RF , PHASE A and PHASE B) before going into PHASE CAL
for each pulse.

In IF CAL MODE and RF FREQUENCY CAL MODE the circuitry provides this
same 11 us delay time before the pulse processing can begin (see Figure
3.16 for NORMAL MODE operation of this circuitry).

Schematic Sheet PCT-Ø6 - This circuitry decodes the two node b i ts  from
the A13A nib into a bit for each of the three nodes of operation as
follows :

INPUT OUTPUT
RFFREQC IFCAL FREQCM NORMAL IFCALM

0 0 1 0 0
0 1 0 0 0
1 0 0 1 0
1 1 0 0

The three timing clocks , 3,75 MHz , 1.875 MHz, and 0.9375 MHz , are an in-
put from the A12A nib and buffered , the buffered signals being called
“CLK375” , “CLK1875” , and “CLK9375” , respec tive ly. 
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I
Schematic Sheet PCT-Ø7 - This circuitry generates the analog and digital
resets for the PC1.J. The various conditions which cause the resets to
be issued are as follows :

• 1. “XFRCMP” going high (with “RTHOLD” already low) - end of
pulse processing - converted data already transferred out of
the PCU to the Signal Processor (SPU).

2. “RTHOLD” going low (with “XFRCMP” already high) - data already
converted and traasferred to the SPU but log video pulse has
jus t gone below threshold.

3. “SUMRJT” going low followed by log video going below threshold -

a reject has occurred which immediately stops pulse processing.
As soon after this as the log video goes below threshold , the
rejects are generated . (For a short log video pulse with
“RTHO LD ” low before the reject  occurs , the resets ini t ia ted
immediately after “SUNRJT” goes low ).

NOTE: Above occurs only for NORMA L MODE with “CALRCV ” a
log ical 0.

4. IMSN goes to a logical 0 level - this is the reset command
from the POWER SUPPLY .

See Figure 3. 17 for t iming diagrams for the above conditions .

Schematic Sheet P C T-Ø8  - The circuitry on th is  sheet generates one si gnal ,
“NNPN” (U125-P in 11), which is a logical 0 when in NORMAL NARROW PULSE
MODE ; and a signal , “NWPN” (U126-Pin 11), which is a logical 0 when in
NORMA L WIDE PULSE MODE . These signals are sent to the Analog Processing
mib (AI1B) .

Another signal generated by the circuitry on PCT -Ø8 is “R SThLDN” (U9l-
Pin 12) , which is a negative going pulse when “ARSTN” is negative or
when “CLKPHBN” is negative during normal mode. The purpose of “RSTHLDN”
is to reset the DFF that latches the hold gate signal for the PHASE AND
FREQUENCY SAMPLE AND HOLDS .

The remaining circuitry on PCT-Ø8 is the reject circuitry . The signal
“SUMRJT” , U92-Pin 8, transitions to a logical 1 whenever the pulse being
processed is rejec ted. This can be for one of four reasons . First ,
the rejec t could be due to the frequency being outside the frequency
window when the window is being used in normal mode (1.1108-Pin 8 will be
a logical 0) .  A rejec t will be generated when a “QUAL ’ rejec t signal
is sent from the receiver (da ta input , Pin 12 , of U109 being a logical
0) . The remaining two reject conditions are for the pulse width being
narrower than a given minimum. In narrow pulse mode a pulse width
less than 600 ns will cause a reject (“NPACC” , 1J92-Pin 12 , being a
logical 0).  For wide pu lse mode , a pulse with a pulse width less than
5 usec will be rejected (“WPACC” , U92-Pin 13 , being a logical 0).
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p 3.9 OSCILLATOR ASSEMBLY (A6)

The function of the oscillator assembly is to supply the 60 MHz clock
for the TOA counter and a 60 MHz test signal for the receiver. Two
options for generating the 60 MI-i: are avai l ab le .  One uses a 60 MHz
osc i l la tor , the other a phase locked loop that multipl ies a 10 MHz
atomic clock input by s ix.

j The 60 MHz osci l la tor  is a temperature compensated crystal oscillator
• made by Vectron . The osci l la tgr . part number CO -254-4B , has a tem-

perature s t ab i l i t y  of ÷2 x 10 over the temperature range of -55 °C
to +85 °C. The input voltage is ÷ 15VDC and the output level is TTL.

The phase locked ioop accepts a 10 MHz 0.5 VPP input signal and multi-
plies it by 6 to provide the 60 MHz TTL signal.

Either of these options is selected when the PCB for the A6 assembly
is populated.

The 60 MHz is buffered by SNS4S4O extended drive nand gates to provide
the 60 MHz required for the TOA counter. This signal has to be driven
about 6” over shielded wire that is terminated in a SN54S04 iriverter
and a 270 ohm resistor on the TOA Counter/Buffer nib. The 130 ohm
pull up resistor on the output of the SNS4S4O provides added up level
current to drive this load .

The 60 MI-I: signal also goes to a 5N54S20 nand gate which allows the 60 MHz
signal to pass to an IF buffer stage in the IF CAL MODE . When the unit
is not in the IF CAL MODE the 60 MHz is disabled so that there will not
be any interference in the IF section . The following stage prr ’ides
drive for the 60 MHz CAL signal to drive the coaxial cable to ~..e IF
section.



APPENDIX

A . l  Component Stress

Tables A1.l through Al .9 give the power dissipated by active components

and the voltage across capacitorS for each MIB in the PCU .
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Table A1. l Phase Process ing MIB (A1OA) Component Stresses

Resistors

Resistor No. Power Dissipation Resistor Power Dissipation
Typ (mW ) Max (mW ) No. Typ ~mW ) Max (mW)

Ri 0.1 0.1 R3l 0.1 0.1
R2 0.1 0.1 R32 0.1 0.1
R3 0.1 0.1 R33 0.1 0.1
P.4 0.1 0.1 R34 0.1 0.1
R5 0.1 0.1 R35 0.1 0.1
P.6 0.1 0.1 R36 0.1 0.1
R7 0.82 1.8 R37 0.1 0.1
R8 0.82 1.8 R38 0.1 0.1
P.9 0.82 1.8 R39 0.2 4.0
RiO 0.82 1.8 P.40 0.2 4.0
Rll 0.32 1.8 R41 0.2 4.0
R12 0.82 1.8 R42 0.2
R13 0.82 1.8 R43 3.3 3.3
P.14 0.82 1.8 R44 0.1 0.1
R15 0.82 1.8 R45 0.1 0.1
R16 0.82 1.8 R46 0.1 0.1
R17 0.82 1.8 P.47 0.1 0.1
R18 0.82 1.8 R43 0.1 0.1
P.19 0.82 1.8 R49 2.5 4.9
P.20 0.82 1.8 R50 2 . 5  4.9
P.21 0.82 1.8 P.51 2.5 4.9
R22 0.82 1.8 R52 2.5 4.9
P.23 2.0 2.0 R53 .S 4.9
R24 4.0 8.0 R54 2.5 4.9
R25 2.0 2.0 R55 2.5 4.9
R26 4.0 8.0
R27 2.0 2.0
R28 4.0 8.0
R29 2.0 2.0
P.30 4.0 8.0
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~Component Stresses t~ - 0

Capacitors

Capacitor Voltage Capacitor Voltage
No. Typ (v) Max(v) No. Typ(v) Max(v)

Cl 12.0 12.36 C26 15.0 13.45
C2 5.0 5.15 C27 15.0 15.45
C3 15.0 15.45 C28 13.0 15.45
C4 15.0 15.45 C29 15.0 15.45
CS 15.0 15.45 C30 15.0 15.45
C6 15.0 15.45 C31 13.0 15.45
C7 12.0 12.36 C32 15.0 15. 43 Ti
C8 5 .0 5.15 C33 5 . 0  3 .15
C9 15.0 15.45 C34 5.0 5.15
d O  15.0 15.45 C35 15.0 15.45
Cil 15.0 13.45 C36 15.0 15.45
Cl2 15.0 15.45 C37 5.0 5.15
C13 5.0 5.15 C38 5.0 S.1S
C14 15.0 15.45 C39 )S.0 15.45
ClS 15.0 15.45 C40 i3.0 15.45
Cl6 15.0 15.4S C4l 15.0 1E .45
C17 15.0 15.45 C42 15.0 15.43
C18 5.0 5.15 C43 15.0 15.45
C19 15.0 15.45 C44 15.0 15.4S
C20 15.0 15.45 C45 15.0 13.45
C2l 15.0 15.45 C46 15.0 13.45
C22 15.0 15.45 C47 15.0 15.45
C23 5.0 5.15 C48 15.0 13.45
C24 5.0 5.15 11
C25 15.0 15.45

d
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I
Component Stresses

I Integrated Circuits

I.d. Power Dissipation I.C. Power Diss ipation
• 

• No. Typ (mW) Max (mW ) No. Typ (mW) Max (mW)

• 
:~ Ui 83.5 143 U 16 44.0  75 .0

U2 83.5 143 U 17 30.5 50.0
• U3 83.5 143 1.118 6 .0  11.2

U4 83.5 143 Ul9 6.0 11.2

US 83.5 143 1.120 6.0 11.2

U6 83.5 143 U2l 12.0 22.3

• U7 120 180 U22 8.0 15.0

U8 120 180 U23 20.0 20.0

U9 120 180 U24 20.0 20.0
UlO 120 180 U25 20.0 20.0

Ull 120 180 U26 20.0 20.0

U12 120 180 U27 6.0 11.2

Ul3 120 180 U28 6.0 11.2

• U14 120 180
1.115 44 7S

Diodes

Diode Power Dissipation Diode Power Dissipation

No. Typ (mW) Max (mW) No. Typ (mW) Max (mW)

CR1 0.1 0.1 CR15 0.1 0.1

CR2 0.1 0.1 CR14 0.1 0.1

CR3 0.1 0.1 CR15 0.1 0.1
• • CR4 0.1 0.1

CR5 0.1 0.1
CR6 0.1 0.1
CR7 0.1 0.1 VR1 49.5 81.0

CR8 0.1 0.1 VR2 49.5 81.0

CR9 0.1 0.1
CR10 0.1 0.1
CR1 1 0.1 0.1
CR12 0.1 0.1
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Table Al.2 A/D Converter (A1OB) Component Stresses

Resistors

Resistor Power Dissipation Resistor Power Dissipation
No. Typ (mW) Max (mW) No. Typ (mW) Max (m W)

• Ri 1.0 1.0 R33 0.1 3.7
• R2 0.1 0.5 R34 0.1 3.7

P.3 0.1 0.5 P.35 0.1 3.7
P.4 0.1 0.5 R35 0.1 3.7
RS 0.1 0.5 P.37 0.1 3 . 7
R6 1.0 1.0 R38 0.1 3.7
R7 0.1 0.5 R39 0.1 3.7
P.8 0.1 0.5 R40 0.1 3 .7
P.9 0.1 0.5 R4 1 0.1 3.7
RiO 0.1 0.5 R42 0.1 3.7
Rh 1.0 1.0 R43 0.44 0. 44
Rl2 0.1 0.5 R44 0.44 0.44
R13 0.1 0.5 R4S 0.44 0.44
R14 0.1 0.S R46 0.44 0.44
RlS 0.1 0.5 R47 0.44 0.44
P.16 1.0 1.0 R48 0.44 0.44
R17 0.1 0.5 P.49 0.44 0.44
R18 0.1 0.5 P.50 0.1 0.4
R19 1.0 1.0 P.51 0.1 0.4
R20 1.0 1.0 R52 0.1 0.4
R2 1 1.0 1.0 P.53 0.1 0.4
R22 0.1 0.1 R54 0.1 0.4
P.23 0.1 0.1 P.55 0.1 0.4
R24 0.1 0.1 P.56 0.1 0.4
P.25 0.1 0.1 R57 0.1 0.4
R26 0.1 0.1 P.58 0.1 0.4
P.27 0.1 0.1 P.59 0.1 0.4
P.28 0.1 0.1 R60 0.1 0.4
P.29 0.1 3.7 P.61 0.1 0.4
P.30 0.1 3.7 R62 0.1 0.4
R31 0.1 3.7 R63 0.1 0.4
R32 0.1 3.7 R64 24 .4  24 .4
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Component Stresses C A 1 O 3~
Resistors (cont ’d)

I Resistor Power Dissipation Resistor Power Dissipation4 No. Typ (mW) Max (mW) No. Typ (mW) Max (mW)

-. 
• 

P.65 15.6 15.6 R81 10.6 23.1
R66 1.7 1.7 P.82 10.6 23.1
P.67 19.2 19.2 R83 10.6 23.1

• P.68 9.6 9.6 R84 0.1 0.1
R69 0.1 0.1 R85 0.1 0.1
R70 0.3 0.3 R86 .72 .72
P.71 52.5 52.5 P.87 0.1 0.1
R72 0.1 0.1 R88 0.1 0.1
R73 0.1 0.1 P.89 0.1 0.1
P.74 4.8 11.3 P.90 0.1 0.1
P.75 1.9 6.4 P.91 0.1 0.1
P.76 10.6 23.1 P.92 0.1 0.1
P.77 10.6 23.1 P.93 0.1 0.1
P.7 8 10.6 23.1 R94 0.1 0.1
R79 10.6 23.1 R95 0.1 0.1
R80 10.6 23.1

4- 3 —
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• Component Stresses (A 108)

Capacitors

Capacitor Voltage Capacitor Voltage
4 No. Typ(V) Max(V) No. Typ(V) Max(V)

Cl 15.0 15.45 C33 S.0 S.1S
• 

- C2 15.0 15.45 C34 15.0 15.45
C3 1.33 1.33 C35 1.00 1.00
C4 1.00 1.00 C36 15.0 15.45
CS 5.0 5.15 C37 5.0 5.15
C6 12.0 12.36 C38 15.0 15.45
C7 5.0 5.15 C39 5.0 5.15

• C8 5.0 5.15 C40 15.0 15.45
C9 15.0 15.45 C41 12.0 12.36
d o  15.0 15.45 C42 15.0 1S.4S
Cil 5.0 5.15 C43 15.0 15.45
C12 1.33 1.33 C44 5.0 5.15
C13 5.0 5.15 C45 5.0 5.15
C14 15.0 15.45 C46 13.0 15.45
C15 1.00 

- 
1.00 C47 15.0 15.45

C16 15.0 15.45 C48 5.0 5.15
C17 5.0 5.1S C49 5.0 5.15
Cl8 1S.0 15.45 C50 15.0 1S.4S
C19 5.0 5.15 C5l lS.0 15.45
C20 15.0 15.45 C52 15.0 15.45
C21 5.0 5.1S C53 15.0 15.45
C22 1.33 1.33 C54 15.0 15.45

• C23 5.0 5.15 C55 • 15.0 15.45
C24 15.0 15.45 C56 15.0 15.45

• 
- 

• C25 1.00 1.00 C57 15.0 15.45
- - C26 15.0 15.45 C58 15.0 15.45

• ~~• • C27 5.0 5.15 C59 15.0 15.45
C28 15.0 15.45 C60 1.33 1.33
C29 5.0 5.15 C61 0.0 1.0
C30 15.0 15.45 C62 1.33 1.33
C31 5.0 S.15 C63 0.0 1.0
C32 1.33 1.33 C64 1.33 1.33

- • - •• - -  ~~.- --•- ----.~• - -•
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- Component Stresses (A loe)

• Capacitors (Cont’d)

Capacitor Voltage Capacitor Voltage
- • No. Typ (V) Max (V) No. Typ (V) Max ~V)

C65 0.0 1.0 C76 1.33 1.33
C66 1.33 1.33 C77 1.00 1.00

• I C67 0.0 1.0 C78 1.33 1.33
C68 1.33 1.33 C79 1.0 h .Gc

• C69 0.0 1.0 C80 1.33 1.33
C70 1.33 1.33 C81 1.00 1.00
C7l 0.0 1.0 C82 15.0 15.45
C72 1.33 1.33 C83 15.0 15.45
C73 0.0 1.0
C74 1.05 1.24

• C75 1.00 1.00
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Component Stresses (A loe)

Integrated Circuits

Flatpack Power Dissipation Fiatpack rower Dissipation
No. Typ (mW) Max (mW) No. Typ (mW) Max (mW)

Ui 120 180 U16 83.5 143
U2 120 180 U 17 83.5 143
113 120 180 Ul8 83.5 143

¶ 114 120 180 1119 83.5 143
U5 120 180 1120 83.3 143
U6 120 180 1121 83.5 143
117 120 180 U22 83.5 143
118 120 180 1123 83.5 143
119 70 110 1124 44 75
UlO 70 110 1125 44 75
1111 70 110 1126 30.5 50
1112 70 110 1127 30.5 50
1113 70 110 1128 90 168
U14 70 110 1129 90 168
UlS 70 110

Diodes

Diode Power Dissipation Diode Power Diss ipation
No. Typ (mW) Max (mW) No. Typ (mW) Max (mW)

CR1 0.1 0.1 VR1 91.2 108.9
CR2 0.1 0.1 VR2 91.2 108.9
CR3 0.1 0.1 VP.3 49 49
CR4 0.1 0.1
CR5 0.1 0.1
CR6 0.1 0.1
CR7 0.1 0.1
CR8 0.1 0.1

•— — - -  -— -— •~~— -— - -~~~~~~~~~~~ -~~~~~ - • ,  • • .  _~~~•_
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H

Table Al .3 Sample and Hold (A1 ].A) Component Stresses

Resistors

Resistor Power Dissipation Resistor Power Dissipation
No. Typ (mW) Ma.x(mW) No. Typ(mW) Max(mW)

Ri 2 .9  2 .9  R l l  0 .82 1.84
P.2 2.9 2.9 P.12 0.82 1.84
P.3 2.9 2.9 P.13 0.1 0.1
P.4 2.9 2.9 R14 0.1 0.1
R5 2 .9  2 .9  Rh5 0.1 0 .1
R6 0.1 0.1 P.16 0.1 0.1
R7 0.1 0.1 P.17 0.1 0.1
R8 0.1 0.1 R18 0.1 0.1
P.9 0.1 0.1 P.19 0.1 0.1
RiO 0.1 0.1 P.20 0.1 • 0.1

Integrated Circuits

Flatpack Power Dissipation
No. Typ (mW) Max (mW)

Ul 660 743.1
112 660 743.1
113 660 743.1
1.14 660 743.1
(iS 660 743.1
116 120 180

14 
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Component Stresses ( .4 h A )

Capacitors

- 1 111[ 1JL _ ‘
~

1
~~~ç 

Capacitor Voltage
No. Typ(~iJ .‘L...J.... No. Typ (V) Max(V)

Cl 15.0 15.45 C29 15.0 15.45
C2 1S.0 15.45 C30 15.0 15.45
C3 15.0 15.45 C31 1.0 1.00
C4 15.0 15.45 C32 15.0 1S.45
CS 15.0 15.45 C33 15.0 15.45
C6 15.0 15.45 C34 15.0 15.45
C7 15.0 15.45 C35 15.0 15.45
C8 15.0 15.45 C36 15.0 13.45
C9 15.0 15.45 C37 15.0 15.45
d O  1S.0 15.45 C38 15.0 15.45
Cli 15.0 15.45 C39 15.0 15.45
C12 15.0 15.45 C40 15.0 15.45
C13 15.0 15.45 C41 15.0 15.45
C14 15.0 - 1S.45 C42 15.0 15.45
CiS 15.0 15.45 C43 1S.0 15.45
C16 15.0 1S.4S C44 15.0 • 15.45
C17 1S.0 15.45 C45 15.0 15.45
C18 15.0 15.45 C46 15.0 15.45
Cl9 15.0 15.45 C47 15.0 15.45
C20 15.0 15.45 C48 15.0 15.45
C21 15.0 15.45 C49 2.0 3.0
C22 15.0 15.45 C50 2.0 3.0
C23 15.0 15.45 C51 2.0 3.0
C24 15.0 15.45 C52 2.0 3.0
C25 15.0 15.45 C53 2.0 3.0
C26 1S.0 15.45 C54 15.0 15.45
C27 15.0 15.45 C55 15.0 15.45
C28 15.0 15.45 C56 1.00 1.00 

• •~~~~~~~~~
• 
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Table Al.4 Amplitude Processing (A11B) Component Stresses

Resistors

Resistor Power Dissipation Resistor Power Dissipation
No. Typ (mW) Max (mW) No. Typ (mW) Max (mW)

P.1 1.26 12.65 P.36 0.56 0.63
P.2 0.4 1.60 R37 3.77 8.89

~
—l— R3 0.12 0.48 R38 0.10 0.10

IL d — R4- ~ 15.5 17.00 P.39 0.10 0.10
P.S 52.0 57.10 P.40 32.28 35.43
R6 6.00 7.00 R41 32.28 35.43
R7 6.00 25.59 R42 0.44 0.48
P.8 5.10 7 .20  P.43 0.44 0.48
P.9 1.78 7.13 P.44 0.10 0.18
RiO 1.65 5.22 R4S 0.10 0.10
P.11 0.41 1.3]. R46 0.10 0.10
P.12 0.10 0.10 R47 0.10 0.10
P.13 0.10 0.10 P.48 0.10 0.10
Rl4 0.10 0.10 R49 0.10 0.10
R15 21.43 22.85 P.50 0.10 0.10
R16 1.09 1.17 P.51 0.10 0.10
R17 64.3 68.50 P.52 0.10 0.10
R18 0.11 0.12 R53 0.10 0.10
R19 0.10 0.10 P.54 0.10 0.10
P.20 0.10 0.10 P.55 28.13 79.69
R2l 0.10 0.10 R56 0.10 • 0.10
P.22 3/ . ( ,i  ~5./o P.57 37.50 44.16
P.23 5.00 19.98 P.58 1.10 1.78
R24 0.19 019 P.59 43.25 69.62
P.25 0.90 3.61 P.60 0.28 0.80
P.26 3.26 8.23 P.61 28.13 79.69
P.27 5.62 11.78 P.62 0.10 0.10
P.28 36.60 38.64 P.63 37.50
P.29 1.27 1.34 P.64 1.10 1.78
R30 0.10 0.10 R65 43.25 69.62
P.31 0.82 0.92 P.66 0.28 0.80
P.32 0.18 0.58 P.67 60.00 92.93
P.33 0.18 0.58 P.68 49.00 49.00
R34 12.50 27.38 P.69 49.00 49.00
P.35 12.50 27.38
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Component Stresses (A ii B)

Capacitors

Capacitor Voltage Capacitor Voltage
No . Typ (V) Max (V) No. Typ (V) Max (V)

Cl 15.0 15.5 C28 0.25 0.52
C2 15.0 15.5 C29 5.0 5.15
C3 15.0 15.5 C30 12.0 12.4

• C4 15.0 15.5 C3h 0 .20  0.21
CS 15.0 15.5 C32 0 .20  0.21 t
C6 5.0 5.15 C33 5.00 S.1S
C7 5.0 S.15 C34 5.00 5.15
C8 5.0 5.15 C35 5.00 5.15
C9 15.0 1S.S C36 5.00 5.15
ClO 5 .0 5.15 C37 5.00 5.15
Cli 15.0 15.5 C38 5.00 5.15
C12 2.0 3.0 C39 5.00 5.15
C13 15.0 1S.S C40 S.00 5.15
C14 1S.0 15.5 C41 5.00 5.15
Cis 15.0 15.5 C42 5 .00 5.15
C16 15.0 15.5 C43 5.00 5.15
C17 15.0 15.5 C44 11.20 11.60
C18 15.0 15.5 C45 15.00 . 15.50
C19 15.0 1S.S C46 11.20 11.60
C20 15.0 15.5 C47 15.00 15.50
C2l 2.00 3.00 C48 15.00 15.50
C22 5.0 S.lS C49 15.00 15.50
C23 15.0 1S.S C50 5.0 S.1S
C24 15.0 15.5 C5l 5.0 5.15
C25 12.00 12.40 C53 • 15.0 15.5
C26 5.00 5.15 C54 15.0 15.5
C27 12.00 12.40

I

-i

_ _ _ _ _ _  
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Component Stresses (Al/a)

Integrated Circuits

I.C. No. Power Dissipation I.C. No. Power Dissipation
Typ(mW) Max(mW) Typ(mW) Max(mW)

Ui 660.0 743.1 U9 2.5 4.0

112 135.0 240.0 1110 85.0 150.0

113 17.0 33.0 1.111 148.5 188.4

U4 660.0 743.1 1112 30.7 63.0

115 150.0 250.0 U13 30.7 63.0

116 12.0 22.5 1114 20.0 40.0

U7 83.5 143.0 (15 30.7 63.0

118 83.5 143.0 1116 20.0 40.0

Diodes and Transistors

Transistor Power Dissipation Diode Power Dissipation

No. Typ(mW) Max(mW) No. Typ (mnW) Max(mW)

Q1 14.1 48.2 CR1 2.78 2.78

Q2 0.1 7.1 CR2 2.78 2.78

Q3 0.1 0.4

Q4 4.90 4.90 VR1 46.5 46.5

Q5 78.8 78.8 VR2 34.0 36.3

Q6 27.9 27.9 VR3 34.0 36.3

Q7 78.8 78.8 VR4 87.3 129.3

Q8 27.9 27.9 

• .

~
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TABLE A1.S TOA MIB (A12A)

Component Stresses

RESISTORS CAPACITORS
• Resistor Power Dissipation Capacitor Voltage

Typ . (MW) Max . (MW) Typ . (‘I) Max. (V)

RI. 23 43 Cl 4 .85 5.15
C2
C3
C4
C5
C6

Integrated Circuits

Integrated Power Dissipation Integrated Power Dissipation
Circuits Typ . (MW) Max . (MW ) Circuits Typ. (MW) Max. (MW)

Ui 150 270 1116 12 22.5
U2 150 270 1117 90 145
1.13 300 S00 1118 325 425
114 300 500 1119 9S 160
US 75 130 1120 95 160
116 37.5 65 1121 90 145• 117 300 500 1122 90 145
118 150 270 1123 12 22 .5

• 119 300 500 1124 95 160
1110 300 500 1.125 90 145
1111 12 22.5 1126 95 160
1112 300 500 (.127 90 145
(.113 300 500 1.128 95 160
1114 150 270 1.129 90 145
1115 95 160 1130 95 160

U31 90 145

—~~~~~~~~~~~
- • - .- ~~~~~
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Table A1.6 Data Mux MIB (A12B)

Component Stresses

Integrated Circuits

Integrated Power Dissipation Integrated Power Dissipation
Circuits Typ (MW ) Max (MW) Circuits Typ (MW) Max (MW)

j 112 18 36 US2 90 140
U3 31.5 50 1153
1.14 18 36 1154
(.15 31.5 50 (.155
116 90 160 1156
U7 65 110 1157
U8 20 40 1158
119 20 40 1159
1110 12 22 1161
liii 20 40 1162
1112 20 40 1163
Ul3 31 50 1164
1114 31 50 1.165
1115 5 10 (.166
1116 7 14 1.167
1117 110 180 1168
1.119 7 14 1170 110 180
1120 7 14 1171
1121 5 10 1172
(J2S 18 36 (.173
(.126 14 27 1181
1127 17 34 1182
1128 20 40 U83
1129 14 27 1184
1130 18 36
1134 29 51

Data Mux MIB (A 12B)

Capaci tors 
-

Capacitors Voltage
M m .  (V) Max . (v)

Cl 4.85 5.15
C2
C3
C4
CS

• C6
C7
C8 .2 3.3 

•~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Table Al.7 Mode ~ Tuning Control (A13A)

Component Stresses r
Integrated Circuits

Integrated Power Dissipation Integrated Power Dissipation
Circuits Typ (MW) Max (MW) •Circuits Typ (MW) Max (MW )

• Ui 29 51 Ul3 65 110
112 20 40 1114
U3 29 51 1115
114 31 50 Ul6
US 18 33 U17 29 51
116 20 40 1118 -

117 20 40 1119
(18 14 27 U20
119 12 22 1121
1110 110 180 1122
(ill 65 110 1123
1112 65 110 1.124 65 110

Capacitors

Capacitors Voltage Capacitors Voltage
Typ (V) Max (V) lyp (V) Max (V)

Cl .2 3.3 C2 1 4 .85 5.15
C2 C22
C3 C23
C4 C24
CS C25
C6 C26
C7 C27
C8 C28

• C9 C29
• d O  C30

Cli C3l
Cl2 C32
Cl3 C33
C14 C34
C15 C35
Cl6 C36
C17 C37
C18 4.85 5.15 C38
C].9 4.8 5 5.15 C39
C20 4.85 5.15 C4G

~1
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Table A1.8 Process Cycle Timing GU4B) Component Stresses

Integrated Circuits

I.C. No. Power Dissipation I.C. No. Power Dissipation
Typ(mW) Max(mW) Typ(mW) Max (mW)

1191 12.0 22.5 11138 6.0 11.2
1192 4.0 7.5 11139 20.0 40.0
U108 6.0 11.2 11140 20.0 40.0

• 11109 20.0  40.0  11141 20.0 40.0
Ul lS 13.5 27 .0  11145 S.3 11.0
11116 90.0 160.0 11146 17.0 33.0
U118 1SO.0 2 50.0 11147 13.0 25 .5
Ull9 6.0 11.2 11148 50.0 85.0
11121 1.0 2.0 11149 50.0 85.0
11122 17.0 33.0 11150 20.0 40.0
11123 12.0 2 2 . 5  11152 12.0 22 . 5
11125 75.0 130.0 U 1S3 12.0 22 . 5
11126 8.0 15.0 1.1154 20.0  40.0

• (3128 12.0 2 2 . S  11155 20.0  40.0
(1129 13.0 25.5 Ul56 112.5 195.0
11130 20 .0  40.0  11157 8.0 15.0
U131 20.0 40.0 U158 8.0 15.0
11132 20.0 40.0 U159 5.5 11.0
11133 17.0 33.0 (1160 20.0 40.0
(1134 90.0 160.0 11161 20.0 40.0
U 135 17.0 33.0 11162 20.0 40.0
11136 17.0 33.0 11163 20.0 40.0
(1137 8.0 15.0

Capacitors

Capacitor Voltage Capacitor Voltage
No. Typ(V) Max (V) No. Typ (V ) Max (V)

4

Cl 5.0 5.15 C4 5.0 5.15
C2 5.0 5.15 CS 5.0 5.15
C3 5.0 5.15 C6 5.0 5.15
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Table A1.9 Oscillator - (A6)

Component Stresses

Resistors Power Dissipation Capacitors Voltage
Typ (mW) 1lex (me w) Typ (V) Max (V)

4.6 5.2 Cl 14.55 1S.45
P.2 90.0 102.0 C2 14.55 15.45
R3 12.0 20.0 C3 4.85 S.1S
P.4 .95 1.1 C4 4.85 5.15
R5 4.3 4.96 CS 0.70 5.15
P.6 12.0 20.0 C6 0.10 5.15
P.7 5.9 S.o C7 0.10 4.0
R8 19.0 26.0 C8 4.85 5.15
P.9 9.4 9.8 C9 4.85 5.15
P.10 34.6 39.0 ClO 0.10 5.15
P.11 34.6 39.0 Cll 4.85 5.15
P.12 5.0 6 .0  C12 2. S7 5.15
R13 4.6 5.2 C13 4.85 5.15

• P.14 16.5 52.2  C14 4.85 S.1S
R15 .195 .22 ClS 4.85 5.15
P.16 4.0 13.0 C16 4.85 5.15
Rl7 46.0 52.0 Cl7 2.4 5.15
Rl8 46.0 52.0 C18 4.85 5.15
P.19 (.0 3.4 C19 4.85 5.15
R20 1.0 3.4 C20 3.0 S.lS
R21 1.0 3.7 C2l .1 5.15
P.22 14.7 40.0  C22 .1 5.15
P.23 1.0 3.7
P.24 14.7 40.0

~~~ 
_____ 
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• I Oscillator - A6

Integrated Power Dissipation Transistor Power Dissipation
Circuits Typ(mW) Max(mW) Typ(mW) Max(inW)

Ui 62.5 110 Qi 86 200
U2 200.0 220
(13 200.0 260
U4 9.0 16.5
US 150.0 250
U6 150.0 250
(17 112.S 195
118 36.5 65
(39 194 206
1110 8.5 14
1111 175 240
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• Appendix C

I SCHANS OPERATIONAL SOFTWARE

COMPUTER PROGRAM DEVELOPMENT SPECIFICATION

Prepared by

G. A. Kooch

This specification is the end product of study Task 5 and is attached
to the Final Report in accordance with instructions contained in the

- contract Statement of Work . 
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I~3~~ SPECIFICATION
CODE IDENT NO. SPECIFICATION NO. REV

1.0 SCOPE.

1.1 Identification. This Computer Program Development Specification
(CPDS) defines the requirements for the Self-Contained High Al t i tude
Navigation System (SCHANS) Operational Program .

1.2 Functional Summary. The SCHANS Operational Program shall be divided
into two subprograms : (1) the RF Signal Processing and Executive Program
and (2) the Navigation and Atti tude Determination Program (NADP) . The
RF Signal Processing and Executive Program shall perform the following
functions :

a. Antenna selection through RF switch control

b. Receiver frequency tuning in accordance with the SCHANS Operational
• Program landmark selection

c. Receiver calibration control and data processing

d. Reduction of landmark emitter parameter measurements to determine
baseline phase angles , frequency, amplitude , and pulse time s of arrival

e. Provision of landmark emitter parameter measurements to the NADP —

f .  Executive control of the SCHANS Operational Program including
external equipment interfacing .

The NADP shall perform the following functions :

• a. Processing of landmark emitter parameter measurements supplied by
the RF Signal Processing and Executive Program .

b. Provision of estimates of current spacecraft position , veloci ty,
and att i tude based on past measurements.

2 .0  APPLICABLE DOCUMENTS. The fol lowing documents , of exact issue
shown , form a part of this specification to the extent specified herein:

(TBD) 
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~~~~~~~ SPECIFICATION
- CODE DENT PlO. SPECIFICATION NO. REV

3.0 REQUIREMENTS.

3.1 Program Definition.

3.1.1 System Description.

3.1.1.1 General. The SCHANS measures range and angles to ELF band
radar landmarks of known position , and , using these measurements , per-
forms precise self-contained navigation of high altitude spacecraft .

A block diagram of the SCHANS appears in Figure 3-1. The SCHANS con-
sists of:

a. An Antenna/RF Calibrator Unit which includes five 2.1 inch diameter
planar spiral antennas (Figure 3-2) mounted on the earth pointing face
of the spacecraft and circuitry permitting RF phase measurement calibra-
tion of the system (Figure 3-3).

b. An Interferometric Landmark Tracker/Pulse Conversion Unit (ILT/PCU)
(Fi gures 3-4 and 3-5) containing circuitry for superheterodyn e receiv-
ing , receiver control , analog signal processing, A/D conversion inter-
facing with the SPU and a power supply.

c. A Signal Processor Unit (SPU) for digital  signal processing and
navi gat ion computations .

3 .1.1.2 Functional Description.

3.1.1.2.1 Antennas. The five antenna array is mounted on an Earth
viewing surface of the spacecraft and provides two interferorneter base-
lines required for determination of line of sight to the emitter .  The
antennas receive radiation from radar landmarks and couple it to the
ILT/PCU Unit through the RF calibrator circuitry using semirigid coaxial
cables . Three antennas are provided on each baseline to permit reso- -

•

lution of phase measurement ambiguities.

3 .1 . 1.2 .2  Receiving Circuitry.

~. ~~~~~~~~~~~~~~~~~~~~~~~~~~ •~~~~~~~~~~ •~ ~~~~~~~~~~~~~~ - 
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I 

REV

1

_ _ _

P2 
~~~~~~ Antenna (5 ea .)

Dimensions are in Inches

X ~ 52.0
V O.5 (X ±~~)

X + 4 0

RF Cal i brator

y 

,
/
/
/
//
//
~
/___ Support Frame

- - ~~~~A 
®~~

— -----
~
-----~ GJ 2 

4 .0

Pivot Side f f
( Dimension s on th is leg are to be determined)

Figure 3-2. Antenna Array Mechanical Configurat ion 
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3.1.1.2.2.1 General. Outputs from the Antenna/RF Calibrator Unit are
switched at RF into three receiver channels. Phase measurements are
made between the center channel and the two adjacent channels. A re-
ceiver channel is comprised of an input bandpass filter , mixer , pre-
amplifier/bandpass filter and limiter. Following the receiver channels
are two phase detectors , a frequency discriminator and qualification
circuitry , and a log amp . The basic receiver functions are to provide
RF to IF (60 MHz) conversion , filtering, gain , and phase , RF and amp li-
tude measurement.

3 . 1 . 1 . 2 . 2 . 2  Phase Detectors.  The phase detectors generate 360 degrees
of unambi guous video . The phase detectors are implemented at the re-
ceiver IF , and curves of Figure 3-6(a) are generated as a function of input
phase ang le difference. The portions of the sine and cosine curves used
for phase measurements are indicated by the heavy lines and are assumed
l inea r .  To accurate ly  determine which phase detector segment to use for
a phase measurement , IF calibration is done periodically. The SPU
controls activation of the IF calibration node and selection of a 46
135°, 225°, or 315° phase CW calibration signal to be input to both
pairs of phase difference channels of the IF circuitry. The phase
detector voltages for each input condition are sampled and held at
25 usec intervals and transmitted to the SPU where the data from each
input condition is averaged to determine phase detector segment end 

—

points (circled in Figure 3-6(a) ). In addition , the phase detectors are
calibrated as a function of IF frequency on a monopulse basis. Phase
versus IF frequency characteristics are stored in software for each
phase detector. Figure 3-6(b) shows the functional relationship between
the phase detectors and the antenna baselines.

3.1.1.2.2.3 Frequency Discriminator. The frequency discriminator
generates an analog voltage proportional to the input IF frequency. The
frequency qualification circuits are used to reject receiver generated
spurious signals. When a signal satisfies the frequency qualification
criteria in the hardware , an accept signal is generated .

The frequency discriminator analog voltage versus IF frequency charac-
teristic is shown in Figure 3-7~

3.1.1.2.2.4 Local Oscillator. A fast tuned YIG oscillator is used for
the local oscillator. The oscillator frequency is controlled by a 12-
bit D/A converter. To achieve the required frequency accuracy, the
local oscillator is calibrated with a combline generator referred
to in Figure 3-4 as the frequency multi plier calibrator. The combline
generator provides calibration signals at 100 MHz increments in the
2.5 - 2.9 GHz range.

C-12
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3.1. 1.2. 2 .5  Control Logic. The control logic assembly provides
the interface between the analog signal processing c i rcu i t ry  arid
receiver , the fl/A converter circuits for control of the local oscillator
and Antenna/RF Calibrator Unit attenuator , and the switch drivers
providing current to the RF and IF switching networks.

3.1.1.2.3 RF Phase Calibration Circuitry. Because the phase perform-
ance of the receiver channels is important , a monopulse calibration
signal of 00 

phase is injected via the Antenna/RF Calibrator Unit.
The calibration signal amplitude is set by ILT/PCU hardware control
to the same amplitude as the signal pulse. Since the phase of
the calibration signal is 00, the receiver can be calibrated on
a pulse-to-pulse basis for phase fluctuations due to signal amplitude.

The Antenna/RF Calibrator Unit provides the means whereby receiver
phase tracking errors that vary with time , frequency, and signal
amplitude can be removed from the phase angle measurements. There
are three modes of operation for the calibration circuitry : a
termination mode in which the calibration signal is fed into a
SOfl load and the antenna signals0directly into the receiver withno other signals coupled in; a 0 calibration mode in which the
calibration signal is fed to a 5-way power splitter to produce
four signals of equal phase; a frequency calibration node in which

— a calibration signal is applied to the Antenna/RF Calibrator Unit —

from the frequency multiplier calibrator assembly. Mode control
is provided by a switch internal to the Antenna/RF Calibrator Unit
a8d an external switch to select the RF sousce or frequency multi plier.
0 phase detector outputs are desired for 0 input signals over
the input frequency range and signal dynamic range. The calibration
is inserted following each signal pulse and is adjusted to the
amplitude and frequency of the incoming preceding pulse. The amplitude
of the calibration signal is controlled by a voltage controlled
at tenuator  wi th  the RF Cal ibrator  U n i t .  The a t tenuator  is cont ro l led
by an 8-bit  fl/A converter in the ILT/PCU Unit. Frequency control
is provided by a frequency locked loop, which is discussed in a
later paragrap h of th is  sect ion.  In order to m i n i m i z e  the  phase
error contribution of the Antenna/RF Calibrator Unit , a software
calibration compensates for its phase error as a function of frequency
based on laboratory measurements of individual Antenna /RF Calibrator
Units.

The auto frequency control ioop is a frequency rocked loop whose
function is to lock the voltage tuned oscillator exactly 60 MHz
above the local oscillator frequency. This osc 1ll ator is tuned
in con junc t ion  wi th  the LO and is used to provide  the RF si gnal
for the RF calibration circuitry .

_ _ _ _ _ _  __________ ~~• - - - -, , - , -- -
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I
3.1.1.2.4 Analog Signal Processing and Parameter Measurement Circuitry.
The I LT/PCU analog signal processing circuitry interfaces wi th  the receiver
circuitry and processes the receiver video si gnals to determine base l ine
phase angles , frequency, amplitude and pulse times of a r r iva l .  The receiver
sends the analog signal processing circuitry one log video signal (LV),
one fine frequency signal (FRF) ,  one accept pulse (QUAL) , and four phase
si gnals (COS A , SIN A , COS B , SIN B). Signal processing s tar ts  upon
receipt of a LV pulse that has a suffic ient s ignal-to-noise ratio. The
LV pulse initiates timing for strobing the QUAL line , holding the FRF
and phase measurements. The LV pulse is peak detected for amplitude
measurement . Because there is only one A/D converter , analog parameters
are serially mutliplexed . While one parameter is being A/D converted ,
processing continues in parallel on other parameters , i.e., check of
reject conditions (QIJAL, minimum pulsew idth or FRF out of processin g
range) , calculation of the absolute value of phase measurements , phase
measurement octant determinations , and selec tion of phase measurements
to be converted. The converted data is held in a digital register until
transfer to the SPU . Upon receipt of a receiver LV pulse , the ILT/PCU
starts a 16.5 i.isec cycle to digitize and hold the pulse data. Then,
the RF phase calibration signal is ac tivated, and , after 10.5 usec , the
RF phase calibration mode is enabled by the ILT/PCU hardware. In the
RF phase calibration mode , the digitized signal strength of the LV that
was just processed and the calibration frequency tuning voltage are sent
to the receiver circuitry . The calibration signal phases are sampled ,
and the measured phases only are di gi t ized and he ld .  Upon completion —of the RF phase calibration mode , the ILT/PCU generates an interrupt
to the SPU causing all the data digiti zed during the normal and RF phase
calibration modes to be sent to the SPU in 16 bit parallel word messages.

3.1.1.2.5 Signal Processor Unit (SPIJ ). The Signal Processor Unit (SPU),
in which the SCHANS Operational Program resides , provides the neces sary
logical operations to sort the desired si gnals from the mul t i ple emit ter
environment , collect and calibrate the emitter data on a pulse by pulse
basis and input smoothed angle and TOA data to the navigation filter .
The SPU also computes navigation and a t t i tude  for the spacecraft in real
time . It provides the point of interface between the I LT/PC U and the
spacecraft telemetry and command systems , the Digital Interface Unit
(DIU) and the Inertial Measurement Unit (IM U) .

3.1 .2 SPU Interface.

—. • • • • • -. -. . •  — 
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3.1 .2 .1  SPIJ Interface Block Diagram. Figure 3-8 is the SPU Interface
Block Diagram.

3.1.2.2 SPU I/O Ut i l iza t ion Table. Table 3-1 is the SPU I/O Uti l iza-
tion Table.

3.1.2.3 SPU/(ILT/PCU) Interface. The SPU/ (ILT / PCU) interface is a 16-
bit , two-way , parallel  data channel and appropriate discrete lines to
effect  the data exchange. Also contained in the interface is a discrete
line for ILT/PCU power ON/STANDBY control by the SPU .

3 .1 .2 .3 .1  SPU to ILT/PCU Data Transfer . The SPU to I LT/PCU data trans-
fer format is shown in Table 3-2. The bit definition is presented in
Table 3-3.

3 . 1 . 2 .3 . 2  ILT /PCU to SPU Data Transfer.  The I LT/PCIJ to SPU data trans-
for formats are shown in Tables 3-4 , 3-5 , and 3-6. Selection of one of
the three data transfer modes is under RF Signal Processing Program
control.

— —

3 . 1 . 2 . 4  SPU/ DI U Interface . The SPU/ DIU interface is a 16-bit , two-way
serial data channel and appropriate discrete lines to effect  the data
exchange . Interface data formats are TBD.

3 . 1 . 2 . 5  SPU/Telemetry Interface.

3.1.2.5.1 SPU to Telemetry Data Transfer . SPU to Telemetry data is
transferred over a 16-bit serial interface.  The data format is described
in IB M Document Number TBD , SCHAN S Program Data Item A0 14.

3 . 1 .2 .5 .2  Telemetry to SPU Data lransfer.  Telemetry to SPU data is
transferred over an 8-bit para l le l  in terface .  The data format for this
in terface is TBD.

Telemetry to SPU data is also t ransferred by eight discretes , defined as
fol lows :

a. SPU Power ON. ( I n i t i a t e  SPU power on sequence.)

b. Start . ( I n i t i a l i z e  sof tware t iming  and hardware . )

_ _ _ _ _ _
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Table 3-3

SPU to ILT/PCU DATA TRANSFER BIT DEFINITION

Bit Sig n al
Pos i t io n Name Def in i t ion

BIT 15 PROCESS ENABLE 0 PROCESSING DISABLED

I PROCESS IN ( LNABL E D

BIT 14 ANTENNA SELECT 0 ANTENNA #1 f
1 ANTENNA # 2

BIT 13 RF FREQ CAL MODE 0 RF CAL MODE

1 NORMAL MODE

BIT 12 IF CAL MODE 0 NORMAL MODE

1 IF CAL MODE

BIT 11 IF CAL SEL 1 Sel 1 Se1 2 IF CAL SEC

BIT 10 IF CAL SEL 2 
0 0
0 1 +45
1 0 +135°
1 1 +225°

BIT 9 WIDE PULSE MODE 0 HOLD AT 0 .7  p s

1 HO LD AT 5 u s

BIT 8 IJSE FREQ WINDOW 0 WINDO W DISABLED

I IVIM)OW ENABLED

I 
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c. Telemetry Transmit. ( In i t ia te  transmission of stored telemetry
dat a . )

d. Real Time Mode . (Transmit real time telemetry data immediately
following transmission of stored telemetry data.)

e. Ambiguity Resolution Mode. (Operate autonomously using phase
ambiguity resolution algorithms.)

f. A Priori Mode. (Operate using a priori landmark location data
rather than phase ambiguity resolution.)

g. SPU Power OFF. (Initiate SPU power off sequence.)

h. Spare . 

~~~~~~~~~~~~~~~~~~ . ~~jj
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L
I 3.1.3 Program Interface. The SCHANS Operatiortal Program shall be

a self-contained program with no requirement to interface with other
programs within the spacecraft .

3.1.4 Program Description. The SCHANS Operational Program structure
shal l  be as shown in Figure 3-9. The program shall be divided into

L two subprograms : the RF Signal Processing and Exec utive Program and
the Navigation and Altitude Determenation Program (NADP). Coresident
in the SPEJ shal l  be the two subprograms and a block of memory for storage

F of SCI-LANS measured and computed data which will be periodically dumped
via teleme try link.

1 3.1.4.1 RF Signal Processing and Executive Program. The RF Signal
Processing and Executive Program shall contain the receiver contro l
and parameter measurement portion of the SCHANS Operational Program .

I Its major purposes will be to obtain the SCHANS equipment measurements
• required by the NADP and to store this data in the SPU memory where it

will be retrieved by the NADP . The format of data placed in computer

F memory shall  be as shown in Table 3-7.

The RF Signal Processing and Executive Subprogram shall also process
the following interrupts:

a. Machine Check. This interrupt indicates a main store parity’
error .

b. Inertial Measurement Unit (IMU) . This interrupt indicates that
reading of the IMU attitude inputs is required.

c. Telemetry . This interrupt indicates that transmission of data
collected for telemetry is required .

L d. DIU. This interrupt indicates that DIU servicing is required .

e. Program Loadable Counter 1 (PLC1).

- 
L f. Program L~adable Counter 2 (PLC2).

— g. Program I.oadable Counter 3 (PLC3).

h. ILT/PCU Data Store (Pulse Detected). This interrupt indicates
that a 4, 5, or 7 word ILT/PCU data message is ready for input[ to the

I 3.1.4.2 Navigation and Attitude Determination Program (NADP). The
NADP sha ll retrieve ~~RANS equipment meas urement da ta placed in memory
by the RF Signal Process ing and Exe cut ive Program and process it to

I

~~~~~~~~ — —--— - .._--
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_________________ RF SIGNAL PROCESSING 1

AND EXECUTIVE PROG RAM 
_____________

1 EXECUTIVE __________________________________

ROUTINE
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I

I I

~~~~~~~~~~~~~~~~~~ I NADP
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TELEMETRY
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Figure 3-9. SCHANS Operational Program Structure
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provide estimates of current spacecraft position , velocity,  and a t t i tude
based on past measurements.

The NADP shall  also place in memory data for control of the RF Signal
Processing and Executive Program. The format of this data shall be
as shown in Table 3-8.

1
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3.2 Detailed Functional Requirements.

3.2.1 RF Signal Processing and Executive Program. The RF Signal
Processing and Executive Program shall consist of three major routines:
the Executive Routine , the Pulse Processing Routine , and the Diagnostic
Routine. The relationship among these routines shall be as shown in
Figure 3-9.

3 .2 . 1. 1  Executive Routine. The Executive Routine , including its called
subroutines , shall perform sys tem power sequencing, i n i t i a l i za t i on , cali-
bration and interface data transfer control. Specific tasks of the Execu-
tive Routine and its called subroutines shall be as follows :

a. Control system power-up sequencing from the power off and standby
power conditions.

b. Initialize the RF Signal Processing and Executive Program , NADP
and hardware control registers .

c. Calibrate LO.

d. Calibrate phase detec tors.

e. Keep real time .

f .  Service IMU .

g. Service Telemetry .

h. Control system power-down sequencing from the power-on to stand-
by conditions.

i. Process hardware interrupts.

j. Load memory via telemetry .

k. Dump memory via telemetry .

3.2.1.1.1 Routine Functional Flow Diagram. The functional flow dia-
gram for the Executive Routine iTshown in Figure 3-10. Functional
flow diagrams for the subroutines called by the Executive Routine are
shown in Figures 3-11 through 3-19.

3.2.1.1.2 Inputs. The Executive Routine or one of its called sub-
routines shall receive the following inputs :

~~ C-32
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SPECIFICATION

CODE IDENT NO.J SPECIFICATION NO. REV

Table 3-9

-
. RE FREQUENCY CALIBRATION TABLE

Comb li ne Nom inal LO Cal ib rated
Frequency Frequency LO Frequency

(MHz ) (MHz) (Local Freg ’s) MI-I:

2500 2400 X

2600 2540 X

2700 2640

2800 2740 x

— 

2900 - 2840 X

.5

I.

_ _ _ _ _ _  

d
1

38
~ 

- - -
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SPECIFICATION
CODE DENT NO. SPECIFICATION NO. REV

a. Telemetry discretes (described in Section 3.1.2.5).

• ) b. RF frequency calibration data. For each RF sample processed for
RF frequency calibration (Subroutine 54), fine RF voltage shall be

4 measured and stored in memory.

c. iF phase calibration data. For each IF sample processed for IF
• phase calibration (Subroutine S5), the following parameters shall be

measured and stored in memory:

1. Sin A voltage

2. Sin A octant

3. Cos A voltage

4. Cos A octant

5. Sin B voltage

6. Sin B octant

7. Cos B voltage

8. Cos B octant -—- .1
d. Flags and status indicators set by the Pulse Processing and
Diagnostic Routines.

• e. Attitude . Upon interrupt from the IMU, three-axis attitude inputs
shall be read from the IMU and stored in memory.

f. Landmark scheduler descriptor data. For each landmark selected
by the Landmark Scheduler Routine, the Executive Routine shall read
read from memory the following data:

1. Landmark roll phase (long baseline)

2. Landmark roll phase (short baseline)

3. Landmark pitch phase (long baseline)

4. Landmark pitch phase (short baseline)

• 5. Landmark line-of-sight propagation delay

6. Time until measurement

7. Landmark number for data collection

8. Landmark number for deletion 

~~~~~~~~~~~~~ r —~
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SPECIFICATION
COOC IDENT NO. SPECIFICATION NO. REV

9. RF

10. PRI

11. Stagger

12. Flags

g. Hardware interrupts (described in Section 3.1.4.2.2).

h. Real time update. For each RF sample processed for real time
update (Subroutine S8), Sample TOA shall be measured and stored in
memory .

i. Memory load control data. Start address and number of words to
be loaded .

j. Memory dump control data. Start address and number of words to
be dumped .

3.2.1.1.3 Processinl. The Executive Routine, including its called
subroutines shall perform the following processing functions :

• a. Power up sequencing. The Executive Routine shall power up the —

system from the power off condition or the standby condition . From the
power off condition, the power on sequence will be initiated by the SPU
Power ON telemetry discrete which will power up the SPU. The Executive
Routine shall recognize this discrete and power up the ILT/PCtJ. From
the standby condition, the power on sequence will be initiated by an
IMU , Telemetry Transmit or PLC3 underflow interrupt . The Executive Routine
shall recognize and service these interrupts.

b. Initialization . The executive Routine shall , following the power-
up sequence, initialize the RF Signal Processing and Executive Program,
the NADP and hardware control registers.

c. W calibration . Subroutine S4, RF Frequency Calibration shall be
executed to perform LO calibration . Under program control , RF signals
at five predetermined frequencies will be injected into the ILT/PCU front
end and sequentially processed . Fine frequency of the test signal shall
be used to determine local oscillator calibration frequencies.

d. Real timekeeping . The RF Frequency Calibration Mode shall also
be used to obtain a TOA counter reading. The TOA counter reading shall
be used to update the program real time register which shall keep real
time during both the power on and standby conditions . During standby
operation, the TOA counter will run . It shall be read through execution
of Subroutine S8 upon underflow of PLC3 which shall be set prior to program
exit to the standby mode.

___ U
_ _ _ _  

_ _ _  -.- . .~~~~~AA. ~~~~~~. • - . ., — —



SPECIFICATION 
I

CODE $DENT NO. SPEC1FICAT~ON NO. REV
03640

e. Phase detector calibration . The phase detectors shall be cali-
brated through execution of Subroutine 55, IF Phase Calibration .
Under software control , an IF signal simul ating four prede term ined
baseline phase angles will be injected into the ILT/PCU IF circuitry
and sequentially processed. Phase measurements of the test signals
shall be used to calibrate the voltage versus phase response of
the phase detectors.

f. Attitude input processing . Upon receipt of the IMU Service
Interrupt the Executive Routine shall execute Sb , IMU Service Sub-
routine. Attitude inputs from the IMU shall be read, stored , and
transferred to the NADP . A real time associated with the attitude
inputs shall be calculated and transferred to the NADP.

g. Telemetry down link processing. Upon receipt of the Telemetry
Transmit Interrupt , the Executive Routine shall execute Sil , Telenetry
Service Subroutine . Stored telemetry data collected on previously
processed landmarks shall be transmitted over the telemetry link .
After transmission is completed , the Executive Routine shall read
the Real Time Mode telemetry discrete. If the Real Time Mode discrete
is activated , the program shall then collect and transmit real time
landmark data. The format of the data to be transmitted is described
in Section 3.1.2.5.1. The Executive Routine shall also control 

—

memory block diagnos tic da ta for teleme try down link transmission
via Subroutine Sl8.

h. Telemetry up link processing . The Executive Routine shall process
data available at the up link telemetry interface such that the
data may be placed in memory . The up link telemetry interface is
TBD.

i. Power down sequencing . Upon completion of ILT/PCU processing,
the Executive Routine shall place the ILT/PCU in standby power mode.
Upon comp letion of SPU processing the Executive Routine shall place
the SPU in standby power mode. Prior to placing the SPU in standby ,
PLC3 shall be set such that PLC underf lows at the time when landmark
pulse collection is next required .

j. Interrupt processing. Upon receipt of a hardware interrupt ,
Subroutine S13, Interrupt Processing shall be executed . Interrupts
shall be prioritized as specified in the subroutine . Interrupts
occurr ing dur ing serv icing of another interrupt shal l be honored
at the conclusion of servicing the first interrupt .

k. Memory load . The Memory Load Subroutine , S17, shall  be called
by the Execu tive Routine , shall load into memory data made avail-
able by the Executive Routine , and shall return control to the Executive
Routine at completion of load .

_ _  ~~~~~~~~~~~~~ c~~~~~~~~~_ 
~~~~~~~~~~~~~~~~ .~~~~~~~~~~~~~~~~~~~~~ .
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SPECIFICATION

CODE DENT NO. SPECIFICATION NO. REV

I
1. Memory dump. The Memory Dump Subroutine, shall be called by the
Executive Routine, shall output to the Executive Routine data specified
by the Executive Routine, and shall return control to the Execu tive Routine.

3.2.1.1.4 Outputs. The Executive Routine or one of its called subroutines
shall place in memory the following data:

a. Local oscillator calibration frequencies.

b. IF phase calibration constrants; four pulse averaged phase voltages
with correspond ing octant .

c. Real time updates.

d. IMU attitude measurements and corresponding real time .

e. Flags and status indicators.

3.2.1.2 Pulse Processing Routine. The Pulse Processing Routine, including
its called subroutines , shall perform all processing functions required
to reduce signals intercepted by the ILT/PCU to landmark report data
suitable for input tc f ~ NADP . The Pulse Processing Routine shall also
provide ILT/PCLJ tur.ing .d control as required to insure intercept of
desired landmark signals. The Pulse Processing routine and its called
subroutines shall perform the following functions :

a. Tune LO to search for and center landmark frequency in IF passband ;
compute landmark RF.

b. Measure landmark signal pitch and roll phase ang les ; sort and qual ify
signals based on these measuremen ts.

• c. Measure landmark pulse TOA . Sort and qualify stable PRI and staggered
PRI signals based on this measurement .

d. Control long/short baseline antenna switching to collect phase angle
• data required for phase ambiguity resolution .

e. Measure landmark signal amplitude.

f. Average and store parameter measurements for input to the NADP .

3.2.1.2.1 Routine Functional Flow Diagram. The functional flow diagram
for the Pulse Processing Routine is shown in Figure 3-20. Functional
flow diagrams for the subroutines called by the Pulse Processing Routine
are shown in Figure 3-21 through 3-26.

~~~~~~~~~~~ LJ 
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CODE DENT NO.1 SPECIFICATION NO. REV• I J
Table 3-10

STAGGER PATTERN TABLE

I
PRI (j4.s) PRI (,~s)

STIX Code 1 Code 2

1 3040 3080

2 2800 2840

3 3280 3320

4 2896 2936

5 3184 3224

6 2992 3032

7 3088 3128

STIX = STAGGER PATTERN INDEX NUMBER

(WRAPS AROUND > 7)
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3.2.1.2.2 Inputs. The Pulse Processing Rou tine or one of its cal led
subroutines shall receive the following inputs:

a. Monopulse encoded data. For each RF pulse detected by the I LT/PCU ,
• the following parameters shall be measured and stored in memory :

1. Pulse time-of-arrival

2. Signal amplitude

3. Fine RF voltage

4. Phase A voltage (landmark)

5. Phase A octant (landmark)

6. Phase B voltage (landmark)

7. Phase B octant (landmark)

8. Phase A voltage (calibration signal)

9. Phase A octant (calibration signal)

10. Phase B voltage (calibration signal) —
11. Phase B octant (calibration signal)

b. Landmark scheduler descriptor data. For each landmark selected
by the Landmark Scheduler Routine, the Pulse Processing Routine shall
read from memory the following data:

1. Landmark roll phase (long baseline)

2. Landmark roll phase (short baseline)

3. Landmark roll pitch phase (long baseline)

4. Landmark pitch phase (short baseline)

S. Landmark line-of-sight propagation delay

6. Time until measurement

7. Landmark number for data collection

8. Landmark number for deletion

9. RF

10. PRI

11. Stagger

~ 
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CODE IDENT NO. SPECIFICATION NO. REV

c. Flags and status indicators set by the Executive and Diagnostic
Routines.

• 3.2.1.2.3 Processing. The Pulse Proces sing Routine , including its called
subroutines , shall perform the fol lowing processing functions :

a. Ini t ial  pulse detection and processing. Upon recei pt of a Landmark
Scheduler Routine request for processing , the Pulse Processing Routine
shall in i t i a l ly  tun e the local oscil lator 60 MHz below the landmark frequency
and dwell for one PRI. If a detection is made, the signal shall be phase
qual i f ied using landmark true phase if autonomous system operation (p ha se
amb igui ty  resolution) is not designated via a te lemetry input . Recei ve d
IQA shall be stored and earth referenced TOA shall  be calculated using
earth to spacecraft propagation delay provided by the NADP .

b. Pre-dither processing. The dwell shall be extended 24 P R I ’ s. Each
detected pulse shall f i r s t  be TOA qualified including verification that
it is the pulse closest to TOA window center (Subroutine S l ) .  Each pulse
shall then be phase qualified and the landmark parameters updated on
a monopulse basis . * If the landmark parameters indicate that the PRI
may be staggered , the consistency of PRI between the first two PRI ’s
shall be checked to determine if the stagger condition exists.

— c. Dither Processing . The local osci l lator  shall  be dithered 1 ~lHz 
—

in a direction such that the signal is shifted toward the center of the
IF passband. Pulses shall be colle cted and qua lif ied , and parameters
shall be updated over a 24 PRI dwell. Correctness of the relative pre-
dither and dither average fine frequencies shall be verified to eliminate
spur ious RF signal processing.

d. Frequency centering . The local oscillator shall be adjusted such
that the signal is cen tered in the IF passband and a 24 FR I dw ell in i t i a t ed .
Pulses shall be collected and qua l if ied , and parameters shall be updated
over the dwell. At the end of the dwell , the f ine RF averag e shal l  be
verified to be within 50 KHz of center frequency. The centering shall
be repeated one time if necessary . At the conclusion of the centering
procedure , if the average signal amplitude is greater than 0.5 volts ,
the narrow fine frequency window shall be activated .

* Monopulse parameter updating for this dwell and all other signal
• proc ess ing dwells shall be such that at the end of a dwell or other specified

period of time within the dwell , updated parameter values represent the
running parameter average during the dwell. Upda ted parameters shal l
include b A , amp l itude , frequency and two basel ine phase angles .

_ _  -- 
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e. Phase amb igui ty  resolution pulse col lect ion . If phase ambi gui ty
• resolution is designa ted , a 48 PRI long basel ine dwell followed by

a 48 PRI short baseline dwell shall be executed , dur ing which pulses
w i l l  be col lected and qualif ied , and parameters shall be updated .
Averaged pulse parameters for th is dwell  shall  be placed in memory
where it w ill  be avai lable to the NADP .

NOTE : Initiation of the following pulse collection dwells marks termi-
nation of the acquisition mode of the Pulse Processing Routine .

f. Scan measurement pulse collection . Pulses for scan pattern
recogn iti on shall  be collected , qual i f ied , reduced , and stored dur ing
a 20 second dwel l . Averaged pulse parameters for each 50 PRI segmen t
of this dwell shall be placed in memory where they shall be available
to the NADP .

g. Frequency recentering . The local oscillator shall be tuned
to the frequency to which it was last tuned for processing of the same
emitter , and a 24 PRI dwell shall be initiated . Pulses shall be collected
and qual if ied and param eters shall  be upda ted ov er the dwe l l .  At the
end of the dwell , the Fine RF average shall be verified to be within
50 KHz of center frequency. If centering is required , the centering
shall be done and the 24 PRI dwell repeated one time to confirm centering .

h. Pulse collec tion for nav igation filter inputs. A 200 PRI pulse
collec tion dwell shall be initiated with a 10 PRI pulse detection dwell.
If no phase qualified pulses are detected within the 10 PRI dwell ,
control shall be returned to the Executive Routine. If a phase qualified
pulse is detected , the pulse shall be TOA qualified . TOA qualitication
sha ll be accomplished by comparing the received pulse TOA with expected
pulse TOA projections based on the last previously received pulse from
the train. Such IDA qua l if ica tion shall be performed for pulse trains
with either stable or staggered PRI’s. Averaged pulse parame ters for
each 50 PRI segment of this dwell shall be placed in memory where they
shall be available to the NADP .

i. Resolution verification. If phase amb igu ity resolu tion is des igna ted ,
a 48 PRI short baseline dwell shall be executed during which pulses
w ill be collec ted and qual i f ied and parameters shal l be updated. Averaged
pulse parameters for this dwell shall be placed in memory where they
shal l be available to the NADP .

3.2.1.2.4 Out~~ts. The Pulse Processing Ro utin e or one if it s cal led
subrou tines shal l  p lace in memo ry the fo l low ing da a:

a. Parameter measurements and data for each SO PRI or otherwise
specif ied group of pulses , for input to the NADP .

1. Pulse time-of-arrival , stagger removed .

2. Signal amplitude.

3. Sign al RF.  F in e RF sha l l  be compu ted from the LO tun ing word
and the discriminator fine RF measurement.

— --.—--—-—-.-• —— .4
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4. Roll phase angle.

5. Pitch phase angle.

6. Landmark number .

7. Flags . The following flags shall be placed in memory with each
50 PRI parame ter data group .

a) SBF . Short Baseline Flag . Parameter data collected with short
baseline antenna configuration.

b) DCF. Data Complete Flag . Parameter data collection task assigned
to RF Signal Processing and Executive Program by Landmark Scheduler Routine
is comple te.

c) LNDF . Landmark Not Detected Flag . Acquisition sequence could not
be comple ted or insuff icient pulses for landmark upda te.

d) SSF. Scan Synchronization Flag. Parameter data collected for purpose
of scan synchronization .

e) LAF . Landmark Acquired Flag . Completed acquisition sequence.
(Dur ing the acqu isition sequence , when this flag is set, no parameter

— measurement data shall be placed in memory for process ing by the NADP). —

b. Parameter measurements and data for input to the telemetry buffer.
Format TBD .

c. Tuning and control commands to the [LT/PCU .

d. Flags and status indicators .

3.2.1.3 Diagnostic Routine. The Diagnostic Routine, including its called
subroutines shall perform hardware control and data analysis to accomplish
internal self-test of the system . Within system configuration constraints ,
the Diagnostic Routine shall maximize failure isolation and report the
results of the self-test. The Diagnostic Routine shall perform the following
func tions :

a. Checksum memory testing.

b. IF calibrator testing .

c. Channel testing .

d. RF phase calibra tor testing .

e. Failure word determination and reporting.

_ _  
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03640

3.2.1.3.1 Routine Functional Flow Diagram. The functional flow
diagrams for the subroutines comprising the Diagnostic Routine are
shown in
Figures 3-27 through 3-29.

3.2.1.3.2 Inputs. The Diagnostic Routine shall receive encoded
phase data in the IF calibration mode , the RF ‘s.. calibration mode
and the normal (landmark data) mode.

3.2.1.3.3 Processing. The Diagnostic Routine shall perform the
following p~~cessing functions :

a. Checksum memory testing. The Checksum Memory Test Subrou ine , S16,
shall perform a checksum on individual blocks of memory of less than 1024
words to determine if a change or failure has occurred in program
memory . The subrou tine shall compu te a checksum for each memory
block and compare the checksum to a stored table of correct checksum
results. A checksum error shall be flagged and the start address
and member of words for the discrepant block shall be reported.

b. IF calibrator testing . The results of IF phase calibration ,
— subroutine S5 , (phase detector A and B measurements) shall be verified

to be within a tolerance about an expected value .

c. Channel testing and RF phase calibrator testing. Phase detector
A and B measurements shall be verified to be within a tolerance
of expected values for both the RF phase calibration mode and the
normal (landmark data) process ing mode . Expec ted values wi l l  be
specified in the format of Table 3— li for the RF phase calibration
mode . Expected values in tne normal mode will be determined through
a prior knowledge of landmark locaticn .

d. Diagnos tic Failure Word determina t ion and repor t ing. Fa il ures
detected in IF calibra tor test ing , channel testing or RF phase cal ibra tor
testing shall be recorded in the Diagnos tic Failure Word , def ined
in Table 3-12.

3.2.1.3.4 Out~~~~. The Diagnostic Routine shall place in memory
the following data:

a. Diagnostic Failure Word. The Diagnostic Failure Word shall
be maintained in memory in its updated state, available for telemetry
downlink transmission .

b. Diagnostic fail flag . Upon occurrence of any diagnostic test failure ,
the diagnostic fail flag, DFF , shall be set, and shall be available
in memory to the NADP .

- • • . .
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Table 3-11. Nominal RF ~

Calibration Versus Frequency

Phase (Degrees)

Long Long Short Short
Frequency Baseline Baseline Baseline Baseline
(MHz) Roll  Pitch Roll Pitch

• 2500

2600

2700

2800

2900 
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3.2.2 Navigation and Attitude Determination Program (NADP). There shall
be two major processes operating simultaneously in the Navigation and
Attitude Determination Program . The first process shall consist of a
series of functions performed by the Kalman filter. These functions shall
include :

a. Propagation of the state vector and set-up of the State Transition
Matr ix (STM) .

b. Propagation of the Covariance Matrix.

c . Calcula tion of estimated measuremen ts and measurement grad ient .

d. Calculation of filter weights.

e. Update of the estimated state vector.

f. Update of the Covariance Matrix.

These functions shall be exercised sequentially whenever there are measurements
available. The inter-relationship of these functions is shown in F igure 3-
30.

The second process shall be performed by the Landmark Schedui~ r Routine .
The Landmark Scheduler Routine, upon the basis of spacecraft landmark
geometry , shall initiate the tracker observations which provide the filter
with SCHANS equipment measurements.

Prior to starting the program tables of landmark data, initial estimates
of the phenieris and the Covariance Matrix , and tables of constants required
for navigation computations shall be loaded.

3.2.2.1 Propagate State Vector and Set STM. This function shall calculate
the estimated values of the state vector variables at the time of the
next observation, and shall set up the State Transition Matrix required
for propagation of the Covariance Matrix (See Paragraph 3.2.2.2). There
shall be 24 elements in the state vector. These elements are listed in
Table 3-13.

3.2.2.1.1 Inputs. The prime input to this function shall be updated
estimated state vector from the previous measurement , ‘

~~
‘ (+) ,  and the

time interval between measuremen ts. Other inputs shal1 KS~ tables of parame ters
used forephemeris perturbations and the updated quaternion from the previous
measurement .

3.2.2.1.2 Processing. The following state variables shall be propagated
by this function :

_ _ _ _ _ _ _ _  -91 
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Figure 3-30. NADP Functional Flow Diagram
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Table 3-13. State Variables Used in SCHANS

State Name Symbol

1 Spacecraft Position (X Direction) X

Spacecraft Position (Y Direction) Y

3 Spacecraft Position (Z Direction) Z

4 Spacecraf t Veloc ity (X Direction) X
Spacecraf t Veloci ty (Y Direction) Y

6 Spacecraf t Veloci ty (Z Direc tion) Z
7 Spacecraft Attitude Offset (R Direction) Y1
8 Spacecraft Attitude Offset (T Direction) Y2
9 Spacecraft Attitude Offset (N Direction)

10 Gyro Drif t Bias (R Direc tion)
11 Gyro Drif t Bias (T Direction) 

~~ 
—

12 Gyro Drift Bias (N Direction) g~~
13 Emission Time of nth Pulse tN
14 Pulse Rejection Interval Tracker #1 T

15 Linear Temp. Coefficient a

16 Quadratic Temp. Coefficient b

17 Emission Time of nth Pulse tN
18 Pulse Rejection Interval Tracker #2 T

19 Linear Temp . Coefficient a

20 Quadratic Temp. Coefficient b

21 Emission Time of nth Pulse

• 22 Pulse Rejection Interval Tracker #3 1

23 Linear Temp . Coefficient a

• 24 Quadratic Temp . Coefficient b ~II
1 •
L
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I

a. Position and velocity states. These states shall be propagated by
integrating the ephemeris using a numerical stable method and a ‘,,41, Jj’

potential model which shall yield , in addition to propagation along an elliptic
orbit, perturbations necessary to maintain navigational accuracy.

b. Attitude states. The updates in the attitude state variables shall
be represented by infinitestimal rotations, which shall be changed into
a quaternion. The output of the gyros shall be used to integrate the quaternion

S to the time of the next observation, rather than employing Euler angles
or the elements of the spacecraft direction cosine matrix.

c. In states for each of the trackers.

All other variables shall not be propagated .

The State Transition Matrix, ~ (K, K-i) shall be a 24 x 24 block diagonal
matrix, with blocks allocated as follows :

a. Block 1 (6 x 6): position and velocity.

b. Block 2 (6 x 6): attitude and gyro drift bias.

c. Block 3 (4 x 4): passive ranging (PAR) states for tracker 1. — •

d. Block 4 (4 x 4 ) :  PAR states for tracker 2.

e. Block 5 (4 x 4): PAR states for tracker 3.

There shall be, in 4’ (K, *1), no dependencies among any states not in the
same block.

3.2.2.1.3 Outputs. Outputs of this function shall be the propagated estimated
state vector, 

~ 
(-), the STM, • (K, ~i), and the pseudo process noise matrix,

• Q. K

3.2.2.2 Propagate Covariance Matrix. This function shall calculate the
elements of the Covariance Matrix at the time of the next observation.

3.2.2.2.1 Inputs. Inputs to this function shall be the updated Covariance
Matrix from the previous measurement , 

~
, (+) , and the STM 4’ (K, K-i).
K-i

3 .2 .2 .2 .2  Processing. The propagated Covariance Matrix, 
~
, C- ) shall

be calculated by the matrix equation : K

= • (K, K-i) 
~~~_ 1

(

~~~ 

~~T (K , K-i) + Q .
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3.2.2.2.3 Outputs. The output of this function shall be the propagated
Covariance MatriX, 

~ 
(-).

K

3.2.2.3 Calculate Estimated Measurements and Gradient Mat~ix. This function
shall calculate the values of the estimated measurements,ilY’~ and a Gradient
H, for each measurement used in the Kalman filter.

3.2.2.3.1 In uts. Inputs to this function shall be the propagated estimated
state vector 

~ 
(-),  and the pos itions of the landmark used

by the tracker Kmaking the measurements.

3.2.2.3.2 Processing. The estimated measuremen ts to be calculated shall
be the two ILT measurements and, if the landmark is a PRAIS landmark , the
PAR measurement . For each measurement to be used in the update (see Pa ragraph 3.2.2.5)
a gradient vector shall also be calculated.

A.2~2 . 3 . 3  Outputs. Outputs from this function shall be the estimated measurements ,
TX’) and the measurement gradient H.

— 

3.2.2.4 Calculate Filter Weights. This function shall calculate the Weighting 
—

Matrix , W , which shall be used in the updates of the estimated state vector
and the Covariance Matrix (see Paragraph 3.2.2.5 and 3.2.2.6).

3.2.2.4.1 Inputs. Inputs to this function shall be the propagated Covariance
Matrix, e (-)~ the Gradient Matrix, H

, and a matrix R, the

no ise of ~he measuring instruments.

3.2.2.4.2 Processing. The Weighting Matrix shall be calculated by the
matrix equation:

= 

~
‘K MT (HP (_)

HT + R)~~

3.2.2.4.3 Outputs. The output of this function shall be the Weighting
Matrix , W.

3.2.2.5 U~~ate of Estimated State Vector. This function shall calculate
the filter corrections to the estimated state vector and shall use these
corrections to adjust the state vector .

3.2.2.5. Inputs. Inputs to this function shall be the estimated kate
vector , 

~ 
(-) ,  the Weigh ting Matrix , W, the estimated measurements ,1Y~ the

propagatJ quaternion , and the SCHAN S equipment measuremen ts ,

-.-_ - -_--- -- ..- . C-102 
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3 .2 .2 .5.2  Processing. The filter corrections shall be calculated by:
r\ ‘~~~(\/~X W(Y - Y ) .

Frofil ~his calculation , the updated estimated state vector shall be calculated

= ~~(-) 
+

The elements of ~c’corresponding to the attitude states shall be used to
up date the quaternion.

3.2.2.5.3 Outputs. Outputs of this function shall be the updated estimated
state  vector , j~~ (+ ) ,  and the updated quaternion .

K
3 .2 .2 .6  ~p~1ate Covariance Matrix. This function shall modify the Covariance
Matrix to re ct incorporation of the latest error measurements.

3.2.2.6.1 Inputs. Inputs to this function shall be the propagated Covariance
Mat’~ix , ~

, (-), the Weigh ting Matrix, W, and the Gradient Matrix , H.
K

3.2.2.6.2 Processi~~ . The Covariance Matrix shall be upda ted by the matrix
equa tion :

= (I - WH)

where I is the 24 x 24 Idenity Matrix.

3.2.2.6.3 Outputs. The output from this function shall be the updated
Covariance Matrix, 

~
, (+).
K

3.2.2.7 Landmark Scheduler Routine. The Landmark Scheduler Routine, including
its called subroutines, shall determine landmark availability, perform landmark
selection and interface with the RF Signal Processing and Executive Subprogram .
Specific tasks of the Landmark Scheduler Routine and its called subroutines
shall be as follows:

a. Determine available landmarks throuth geometric filtering.

b. Select landmarks for data collection .

c Generate schedule for landmark pulse collection . 

~__ _.______ c-lQ_3 
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d. Interface with  the RF Signal Processing and Execu tive Subprogram .

3.2.2.7.1 Routine Functional Flow Diagram. The functional flow diagram
for the Landmark Scheduler RouU~~ is shown in Figure 3-31.

3.2.2.7.2 Inputs. The Landmark Scheduler Routine or one of its
called subroutines shall rece ive the follow ing inputs :

a. P~.ocessing results from the RF Signal Processing and Executive Subprogram
• as specified in Table 3-7.

b. S/C attitude and pos ition from memory .

c. Landmark table (Table 3-14) from memory .

3.2.2.7.3 Processing. The Landmark Scheduler Routine, including its
called subroutines , shall perform the following processing functions :

a. Geometric filtering . The Landmark Scheduler Routine shall call
from the landmark table those landmarks falling into the field of view
of the SCHANS antennas and meeting landmark elevation angle requirements.

b. Landmark Selection . Up to three landmarks shall be selected for 
—

sequential pulse collection . Landmarks shall be selected to maximize
geometr ic spread among the three landmarks .

c. Schedule Generation . The landmark for which pulse collec tion w ill
be next executed shall be selected . A landmark descriptor shall  be dev eloped ,
including the time at which pulse collection will be initiated.

Scheduler Operation . Landmark descriptors shall be transmitted
to the RF Signal Process ing and Exec utive Subprogram. Processing results
from the RF Signal Process ing and Execu tive Subprogram shall be rece ived
and processed to permit continual updating and operation of the landmark
scheduler.

3.2.2.7.4 Outputs. The Landmark Scheduler Routine or one of its called
subroutines shall place in memory data as specified in Table 3-8.
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