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LO INTRODUCTION 

1.1 BACKGROUND 

The overhead ELIN.T collectio·n program has evolved from the 

simple payloads of the early sixt,ies to the relatively sophisticated 

p_igJi. accuracy ~l)litter locating systems of today. Great studies have 

been made in improving payload measurement accuracies with co~respond­

ing advances in both on~board and ground based signal processing 

techn~logy. The major upgrading effort has been directed,.however, 

toward the class of collection systems which collect minor lobe radia­

tion from target emitters, examples being t~e Bird Dog, Setter, 

Multigroup, Thr.eshe~ and Reaper family; the P-11 pencil beam series 

such as SAMPAN, et al, and the high altitude programs. 

On the other hand, the class of collection systems which 

receive radar main beam radiation, have received far less attention. 

Poppy has ~een upgraded (within t~e limitations of the down link), 

however, the P-11 main beam channels have, within recent years, been 

instead degraded to. favor the.minor lobe collection payload perform­

ance. 

In view of these established trends, it is perhaps worthwhile 

to briefly examine the relative merits of main beam vs minor lobe 

collection systems. The advantages of minor lobe collectors are well 

known; these include high accuracy d-f, high intercept probability on 

emitters not illuminating the collection vehicle, and generally 

accurate frequency and PRI measurements. 

Problem areas for minor lobe collectors include the inability 

to make measurements of emitter transmitted power, beam width and shape; 

scan patterns, and main lobe polarization. Since minor lobe radiated 

data are often perturbed by multipath, measurements of FMOP and pulse 

width are not infrequently distorted and unreliable. In some frequency 

ranges, heavily interle~ved pulse trains or CW-like interference make 

processing difficult or. impossible. l.,ow PRF signals may be rejected 

by· on board processing or payload frequency scan or antenna dwell time 

. 1-1 
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limitations. These problem areas are exactly where the main beam con­

cept can provide high quality data, including those items of great 

value to the SOI analyst. 

The success of main beam collection in obtaining first inter­

cept on new emitters is widely recognized. This success is no doubt 

inpart due to the relative ease of processing low to moderate data-rate 

main beam collected data as contrasted to the difficulties inherent in 

deinterleaving the high density data collected by most minor lob, 

systems. The data output from main-beam collection systems, by virtue 

of lower average data rates, can be readily processed for low PRF 

emitters. This again points up the necessity of having a compatible 

coli'_ection-processing system which must be treated as a unified system 

in order to maximize -the output flow of processed intelligence product. 

1.2 GENERAL CONCEPT 
j 

The following report presents the system design of a main-beam 

collect~on-payload with a substantially expanded signal parameter 

measurement capabil_ity compared to existing systems. This .concept can 

provide all the basic radar signal parameter measurements, single pulse 

direction· of arrival:.in ~zimuth and ,elevatiQ'.9, .. a:i.mitanta.neou~•~frequency, PRF-, 

pulse duration, precision TOA, antenna scan patterns, and ERP, which 

are required to define emitters, in a single payload. 
y 

This receiving system also provides a capability for handling 

both frequency jump and modulated PRF emitters which may be encountered 

in future environments. These may be extracted by sorti!}g on direction­

of-arrival .in processing. The system.also defines the beam patterns of 

. multibeam and frequency scanned emitters and offers the possibility of 

being expanded to include a· polarization measurement capability and a 

CW main beam intercept capability. 

Although the basic concept can be applied to earth oriented 

stabilization, obtiined either by gravity gradient, or gas or magnetic 

stabilization, this .study was directed specifically to the use of a 

spinning P-11 vehicle using a horizon sensor to calculate the instan-

1-2 
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taneous rotation angle of the vehicle. 

The vehicle will need to be of sufficient size to carry a pay­

load consisting of receivers and collection antennas totaling approxi­

mately 100 lbs. 

1. 3 SCOPE OF STUDY 

The concept of using a Main Beam Collection (MBC) System to 

satisfy the New Weapons Search requirements was described in Reference 1. 

Both an Amplitude-Monopulse and a Phase-Monopulse DF technique were 

studied and reported in Reference 1. The two approaches when considered 

together offered the possibility of co~ering the entire 50 MHz to 12 Ge 

frequency range. 

The study described •in this report expands on the Amplitude~. 

Monopulse technique and desc~ibes in detail a Payload and Antenna 

System covering the. 2 to 12 GHz fi-equ~ncy range.· The payload was 

studied in depth and the critical. circuit techniques investiga~ed to 

further verify·. the feas i,bil ity of the payload. 

y 
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2.0 

2.1 

GENERAL DESCRIPTION OF AMPLITUDE DF TECHNIQUEl 

DIRECTION-FINDING ANTENNA CONFIGURATION 

A reasonably detailed explanation of this antenna system is 

presented in Reference 1; a portion of that descrtption will be 

repeated here for completeness. 

2 .1.1 Antenna Requirements 

Since the receiving system requirements dictate monopulse 
0 direction-finding over a reasonably large aperature ( 120 cone), an 

ar?,'.'ay of broad b'eamwidth antennas such as shown in Figure 2-1 is pro-

·posed for making the DF and ERP measurements. The array shown will 

provide a 120° cone of coverage which rotates at the spin rate of the 

vehicle and is discussed in more detail in Section 2.2. The 

antennas are small (typically 2.5 in. x 2.5 in. at 2.0 GHz or higher 

frequencies) flat-spiral typ~s which posses small boresight shifts, 

low axial ratios, reasonably constant 'beamwidths, ·and well behaved 
. . _, 

0 . 
gain patterns to beyond 70 from boresight. A typical pattern for 

this type of antenna is shown in Figure 2-2. A more detailed descrip­

tion of the antenna characterist_ics, including a summary of data from 

measured pa~~erns is presented below in Section 4.0. 

2 .1. 2 Antenna Geometry 

The six DF antennas are arranged in the pattern shown in 
y 

Figure 2-1. The center antenna boresight coincides with the overall 

DF pattern boresight; the other five peripheral DF antenna boresights 
0 lie on the surface of a cone (half-angle of 64) around the center 

antenna boresight. The antenna locations (or boresight angles) for 

the above model are based on the geometry of the regular icosahedron 

(the regular polyhedron with twelve vertices and twenty equilateral 

triangular faces). The center antenna has five neighborin_g antennas, 

each boresighted 64° from-its. own boresight; also, the angle between 

any two a_djacent boresights of the peripher·a1· antennas is 64°. 

1 Ref. 1 J. C'~ de 
''A MBC System Study (U)" Contract No. 
November 1969 Stanford Electronics Lab~~-r_a_t_o_r~i~e-s-,~~-=----" 

'California. (Report SECRET-E) 
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2 .1.3 DF Measurements 

Coarse DF Measurements 

Amplitude infonnation from three of the six DF antennas is . 

required to make the monopulse DF measurement. Figure 2-3 indicates 

that any three adjacent antennas define a face of the icosahedron 

(shown inscribed in the unit sphere) and it is evident that an 

arbitrary signal vector can be located at one of the existing five 

triangles (faces) by determining the three antennas with the highest 

ampl.itude·signals. This detennination is the basis for the coarse DF 

measurement. The signal vector can be further located to within a 

right triangle one-sixth the size of the large triangle by examining 

the relative amplitudes of antennas A1 , A2 and A3 . For example, in 

Figure. 2-3, the signal vector shown is located to the small triangle 

• bed by noting that A2>A1>A3 . , Thus, the coarse DF measurement locates 

the signal vector to one of 30 trijlngular wedges of angular extent as 

indicated in Fi~ure 2-4. 

Fine DF Measurements 

After locating the signal vector to a sector typical of that 

shown in Figure 2:..4, the DF measurement can be further refined by taking 

amplitude ratios of the three highest amplitude antennas. 

The point at which the signal vector shown in Figure 2-3 inter­

sects the surface of triangle bed could be used to specify its angle-of­

arrival; therefore, it is useful to investigate lines, in the plane of 

. triangle bed, which represent contours of constant antenna gain ratio2 . 

These contours, based on the antenna pattern of Figure 2-2, are plotted 

in Figure 2-5 for bo.tp A2 /A1 and A2 /A3 ; for the present example, 

A2 /A1 = 3.15 dB an~ A2 /A3 = 3.55 dB.- If the ratios are quantized into 

discrete interval_s (such as 0.5 dB in Figure 2-5) the number of intervals 

required will depend .on the required resolution and expected system errors. 

2 
Ref. 2 "Propagation and Electronic and Optical Techniques· (U) "QPPR 7 

and 8 and Final Report on Contract [ [ 1 May 
through 31 October 1969. Stanford Electronics Laboratories, 
Stanford, California (Report SECRET) 
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2. 2 DIRECTION-FINDING COVERAGE 

The boresight of the DF ar~ay would be mounted at a half 

cone angle of 60° with respect to the -Y Axis as shown in Figure 2-1 

and the inhib.it antenna pointed 180° relative to the DF array. This 

arrangement would result in coverage consisting of a cone of revolu­

tion extending from the -Y axis to within 60° of the +Y axis as the 

vehicle rotates. 

It is also suggested that attitude control of the spin 

axis be employe~ to tilt the spin axis 35° relative to the earth's 

spin axis as shown in Figure 2-6. This would align the spin axis 

per.pendicular to the earth surface at approximately 55° N latitude on 

.descending passes and the array would continually.scan the horizon 

and provide £overage~from the sub-satellite point to the horizon. 

This spin axis position pi6vides 100% horizon to hbrizon coverage 

from 20° to 80° N latitude ;n desfending passes and\s optimized for 
~ " •• 

coverage of emitters with relatively low elevat.i.on bea~'s"'near the 

hor:Lzon. As can also 'be observed from Figure 2-6, on asce·n,_ding passes, 
. '\ . 

the spin axis will be approximately parallel to the earth surface over 

the region of interest. 
\ 

This alignment provides excellent coverage 
\ 

to beams pointed at relatively high elevation angle~. In summary, 

with the spin axis tilted 35° relative to the earth's spin axis, the 

coverage will be optimized ;or low elevation horiz.on based intercepts 

on descending passes and optimized for under track high elevation 

intercepts on ascending passes. , 

0 Since the instantaneous array coverage is a 120 cone, the 

probability that the array will be looking at a given radar beam as 

it illuminates the vehicles on a single spin is approximately 30%. 

However, since a scanntng radar will illuminate the vehicle many times 

during a pass, ·the cumulative probability of intercept quickly approaches 

100%. Generally, from ·each emitter, there will be severat intercepts 

spaced out along the flight path. • 

2-7 
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As will be shown later in Section 6.0 the estimated overall 

lcr DF accuracy of the system will be approximately 5° in both azimuth 

and elevation. The footprint of a single look from one emitter will 

be an elongated ellipse which would provide reasonably good azimuth 

location accuracy but poor radial (or range) accuracy for horizon 

based emitter:_s (5° in Azimuth corresponds to approximately 100 miles 

at 1200 miles slant range). However, since the baseline over which 

the collection system will intercept a given scanning emitter is 

quite large (hundreds of miles), there will be several intercepts 

spaced· out along this baseline from each radar as illustrated in 

Figure 2-7. The intercepts of several ellipses at different azimuth 

angle·s will provide. improved radial location accuracy over the single 

intercept. 

_j 

y 
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3.0 PAYLOAD DESCRIPTION 

3.1· SIMPLIFIED BLOCK DIAGRAM DESCRIPTION 

The simplified block diagra~ of the receiver payload is given 

in Figure 3-1. The system.as studied, has instantaneous cove.r~ge over 

a 2. GHz frequency range which can be command selectable to any one of 

five sub-bands between 2 and· 12 -GHz. A brief review of the s_ignal 

parameter measurements made by the receiving syste~ will be given here 

with a more detailed description presented in Sections 3.2 through 3.7. 

DF Measurement 

The amplitude monopulse system employs six RF channels to pro­

vide a 120° cone of instantaneous DF coverage. The six parallel 

matched RF receiver ·channels can· simultaneously be command selected to 

cover any one· of the five 2 GHz sub-bands. Each RF channel down con­

verts the selected RF band t"o a common. IF band which is then detected 
J 

and ampli~ied in· the Video Post Detection Amplifier and then entered 

into the DF Video Processor. 

In addition to the six DF channels, there ·is an additional 

inhibit channel which restricts the DF coverage to the forward hemi­

sphere of the six antenna cluster. 

The DF Video Proce_:Jsor measures and produces a digital output 

for the signal amplitude in the highest channel (the received power 
/", 

level measurement)· and the relative signal. levels in the nex·t two 

highest channels (the angle of arrival in both ·azmuth and elevation). 

These three measurements are then digitally Qutput.ted to the output 

fonnat generator. A total of 28 bits are required to read out the 

absolute power level -of the .highest channel. to,+ .0.3 d.B and the DF ' - ' 

power ratios of the 2nd and 3rd highest channels also to+ 0.3.dB 

resolut_ioa. 

Frequency Measurement' 

Instantaneous frequency measurements are made on a pulse-by­

pulse basis with two broadband .. delay-line frequency discriminato.rs pre-

-----------------=-- ,pproved for Release: 2024/06/11 C05025502 ______________ _ 



C05025502 

I,) 
I 

N 

INHIBIT 
ANT 

RF 
~---::=--; CHANNEL 

TEST 
SIGNAL 

GENERATOR 

Approved for Release: 2024/06/11 C05025502 

OF 
MEASUREMENT 

VIDEO 
PROCESSING 

CIRCUITS 

PULSE 
SlRETCHER 

PULSE WIDTH 
MEASUREMENT 

TOA 
MEASUREMEtH 

FIGURE. 3-1 SIMPLIFIED PAYLOAD BLOCK DIAGRAM 

Approved for Release: 2024/06/11 C05025502 

BUFFER 
MEMORY 

TAG 
PROCESSOR 

PROCESSOR 

PROCESSOR 

OUTPUT FORMAT 
GENERATOR 

PCM 

COMPOSITE 
vco·s 



:coso2sso2 

\ 

i. 

-S
. _ ,- [j'· _,...,..,, R.: r-::1_ ... -~A-pproved for Relea~e: 2024/06/11 C05025502 

: -~ ' 1 l;6 • 
• '., 1<:,I~ i_ J1 t ~ 11'__. ••• , ''•, ., 

BIF-Lf76W-043-70 

ceded by a 2 GHz broadband TDA limiter. The two discriminators are used 

for both a coarse and fine frequency re~olution to provide an overall 

lcr accuracy of 4 MHz. Ten data bits are needed to readout the fre­

qu~ncy word to a 2 MHz resolution over the 2 GHz RF input band. The 

frequency measurement is inhibited by the same threshold as the DF 

measurement, thus resulting in equal coverage for both measurements. 

Pulse Duration Measurement 

A high accuracy pulse duration measurement is made similar to 

those made in the recent P-11 receivers. With clean multipath free 

main-beam pulses received,· measurements should be consistently genera~ed. 

with an absolute accuracy of 0.05 µsec. Assuming an input pulse-width 
. . 
range of 0.1 ·µset to 10 µsec, a seven bit binary word will report this 

measurement with a .0625 µsec resolution for pulse durations fro_m 0.1 

to 5 µsec and 0.125 µsec resolution from 5.125 to 10 µsec pulse widths. 

Time-of-Arrival Measurement 
_j 

A time-of-arrival (TOA) measurement •is made and converted to 

a digital word to be included in the output PCM bit stream. Eight 

bits are needed to report this word to 1 µsec resolution. To provide 

complete ·scan characteristics, both the TOA and pulse duration measure­

ments are reported over the ·entire spherical coverage area whereas the 

DF and frequency meas~rements will be reported over only the forward 
. y 

hemisphere. Spherical coverage for these 

be summing the detected video pulses from 

sum of the DF channels. 

Other Outputs 

two measur~ents is 

the inhibit c~ 

\ 

obtained 

with the 

\ 
.In addition to the above measurements, a Time Word (one. per 

\ 

second), Horizon Sensor pulses, Sun Sensor pulses, and payload status 

are converted to digital words and ·time multiplexed into the PCM bit 

stream. 

The PCM bit stream is the primary payload output; however, 

there are other data outputs which are frequency multiplexed with the 

PCM bit stream on the down link. The detected output of the inhibit 

3-3 

Approved for Release: 2024/06/11 C05025502 



C05025502 

• 

Approvedfor Reiease: 2024/06/11 C05025502 

SECRET/E •• -- • · · JH. Ji'-476W-043-70 

antenna is dynamic range compressed, pulse stretched and used to 

deviate a VCO. This output will provide wide-open Omni-Video data 
·o 

360 around the spin cycle for continuous recording of emitter scan 

characteristics. A choice of either the Horizon or Sun Sensor can be 

command selected and also transmitted on a VCO channel. The TRG is 

put on a third VCO channel and all three VCO's along with a SO KHz 

reference tone are summed together and later frequency mui'tiplexed 

into the link containing the PCM word. 

To verify the operation of the receiver and to also provide 

acc1..1rate <;:m-board payload calibration, a. pulsed RF test signal is 

inserted a·t the input of each RF channel and excited for a .. period of 

0.36 sec. at one minute inte'rvals by the TRG. 

3.2 RECEIVER RF FRONT END DESCRIPTION 

. . . 
3.2.1 RF Channel Description .J 

The block diagram of a typical RF channel is given ·in 

Figure 3-2. 
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With the exception of the channel having the output coupler 

to also drive the frequency measuring channel, all seven RF channels 

are identical. 

The 2-12 GHz input band is separated into the three 

bands 2-4, 4-8 and 8-12 GHz in the input.RF triplexer. In the 2-4 GHz 

sub-band the signal is coupled directly to the IF amplifier through a 

6 dB attenuator to _set the sensitivity at the desired level. The 4-8 

GHz band is down converted in 2 GHz sub-band segments to a 1.5.to 3.5 

GHz- IF band by. selecting the local oscillator frequency of either 7.5 

or 9.5 GHz. Similarly, the 8-12 GHz band is down converted in 2 GHz 

segments to a· 2-4 GHz IF band using either a 12 or 14 GHz local· 

oscillator. The IF band of 1. 5 to 3. 5 GHz was chosen for the 4-8 GHz 

RF band to insure frequency separation between the RF and IF frequencies 

at the lower: edge of this b~nd. The desired 2 GHz sub-band is command 

selected from the 5 available by J) positioning the RF band select 

switch and, 2)" exciting the appropriate local oscillator. 

The test· signal is coupled in at the input through a capactive 

coupling network. This network's coupling coefficient increases at a 

rate of .6. _dB pe-r octave, however,. si~ce a broadband multiplier-: is 

suggested whose output will drop off with increasing frequency, the 

amplitude response of the cascaded devices will approximately compensat;e 
. y 

each other. 

3.2.1.1 Local Oscillator Frequency Selection and Spurious Response 

Considerations 

The local oscillator frequencies were chosen in all cases to 

be on the high side of the RF band, This was done to avoid many of 

the· additional higher level spurious responses which -would exist if 

the low side LO_ were used. This choice does however necessitate higher 

frequency local oscillators, but presents no difficulties with the 

availability of Gunn effect oscillators. The sp~rious responses up to 

the fourth order were investigated in all bands' and the' results shown 

in Figures 3-3, a through d, The highest revel spur of consequences is 

3-5 SECR!ET/E 
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the 2f -2f component. Aertech has published data taken on a double 
0 S 

balanced MX-2000 mixer, Figure 3-4, which indicates this spurious is 

greater than 40 dB below the desired component, f -f, at an input 
. 0 $ 

power level of -15 dBm (the highest level the mixer will see in this 

application). To further verify these data, measurements were per­

formed on an MX 8000 mixer and are given in Figure 3-5. It was noted 

that the relative level of the 2f -2f response varied with input 
0 S , 

frequency, hence a frequency was chosen for this measurement for which 

this component was highest. Although the 2f -2£ response was not as 
0 S 

low as that shown by the Aertech data, it is adequately suppressed 

for this application. Its level was -33 dB relative to (f -f) at an 
0 S 

input· level of -15 dBm and was decreasing 2 dB for each 1 dB reduction 

in input leve1. All other in-band spurious responses, as can be seen 

in Figures 3-4 and 3-5, are even further down in level. 

3.2.1.2 Input Equivalent Noise Figure Calculation 
_J 

Since the ·TDA preamplifier gains are relatively low, ·the mixer 

and IF amplifier noise will contribute to the overall input noise 

figure. The equivalent.noise figure, NF, of two cascaded devices can 

be expressed as 

where 

and 

F1 = NF -t>f input device·, 

F2 = NF of second device 

G1 =Gainor loss of input device. 

As an example·, cons~der the~·.C~band1,equivalentqnoisec figure·.- calcy~at·ion 

given below.,." ',,1 [, .... 

Let 
F12 • = the equivalent NF at mixer input 

and 
Mixer NF= 8 dB 

•• .. Mixer conversion loss = 8 dB 

IF NF = 8 dB 

BPF loss = 0.5 dB 

Microwave switch loss = 1 dB. 
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therefore. 

c1 = -9.5 dB (0.112) 

Fl= F2 = 8 dB (6.33) 

and using eq. 3.1 above, 

Let 

and 

.therefore 

F '= 6.33 + 5.33/0.112 = 53.8 (17.3 dB). 
12 

F12 = equivalent NF at TDA input, 

Fl= 5 dB (3.16) 

c1 = 10 dB (10) 

F2 = 17.3 dB (53.8), 

F12 = 3.16 + 52.8/10 = 8.44 (9.3 dB). 

The equivalent noise figyres for all the bands are summarized 

in Table 1 at· the end of Section 3.2.1.4. 

3.2.1.3 Maximum Input Power Considerations 

Irt the breadboard feasibility model of the DF processing cir­

cuits, tunnel· detectors have b_een used which limit the maximum input 

power to -12 dBm at the detector input. It was originally thought 

necessary to operate only in the square law region of the detector; 
y 

however, it has ~ore recently been realized that this is not a 

necessary restriction and it is possible to operate on up into the 

linear region of the detector. Since.hot carrier ~iode d~tectors 

have a linear detection region extending to+ 20 dBm, it would be 

possible to use these detectors instead of the tunnel detectors if 
. ~ 

the additional dynamic range were necessary. The maxii'nµm input power 

calculations shown here will be ba~ed on both the use oi'-the hot . 

"' carrier diode detectors and the tunnel detectors used in this study._ 

"' 
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As an e:xample, the parameters that determine the 

input power level capability in C-band are given below: 

1) 

2) 

TDA 1 dB Compression point (output level) 

Maximum level of (2f -2f ) spurious response 
0 S 

relative to (f -f) response for a mixer 
0 S 

input power of -15 dBm (See Figure ·3-5). 

3) Mixer, filter and -rf switch losses 

maximum 

-15 . dBm 

-36 ,r, dBm 

9.5 dB 

4) Maximum power level at IF amplifier input -24.5 dBm-----=---_,_: 

5) IF amplifier gain 

6) Maximum power level out of IF amplifier 

7) IF amplifier l.dB compression point (output 

leve 1) 

8) a) Hot carrier detector maximum input power 

for linear detection 

b) Tunnel detector maximum input power 

9) Net RF gain (receivet input to detector input) 

10) Maximum receiver input power level 

a) Using hot carrier detectors 

b) Using tunnel detectors 

28 dB 

+3.5 dBm 

+7 dBm 

+20 dBm 

-12 dBm 

27.5 dB 

.,.24 dBm 

-39.5 dBm 

If a hot carrier diode detector were used, the maximum input. 

power capability would be limited by the TDA 1 dB compression point in 

both C and X bands, and the IF a~plifier 1 dB compression point in 
' . y 

S-band. If a tunnel detector were used, it would be the element that 

limited the maximum input power ,capability in all three bands. 

The_ maximum .power levels referred to both the detector and 

receiver inputs are.also summarized for all bands in Table 1 at the 

e~d of Section 3.2.1.4. 
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3.2.1.4 Receiver DF.Measurement Sensitivity and Dynamic Range 

Ca1culation 

The· DF measurement sensitivity_ and dynamic range will be 

calculated in this section using the calculated equivalent noise 

figures and maximum input powers calculated in Sections 3.2.1.2 and 

3.2.1.3 above. As an example, the C-band calculations are shown 

below in d.etail and the results for all bands summarized in Table 1. 

3. 2. 1.4 .. 1 C-Band DF Measurement Sensitivity Example Calculation 

Frequency Ranges 

RF Bandwidth, B 
r 

Video Bandwidth, B 
V 

Equiv. NF (TDA· input), F eq 
Input RF'! Trj.ple::icer I:ilter Loss 

Net RF gain, G (TDA--to Detector 

Detector yoltage sensitivity, K 

Detector video resistance, R 
. V 

Input) 

Required detected output signal-to­
noise ratio (S/N) 0 

The noise power referred to the TDA input, PNl' is 

y 
= -114 dBm+ 10 log10 Br+ F = -71.7 eq -·-· •. :_ ... 

4.-6 GHz 

6-8 GHz 

2 GHz 

5 MHz 

9.3 dB 

1 dB 

28.5 dB 

1000 µV /µW 

- 100 ohms 

14 dB 

dBm. 
,Jj_< or• 

Assuming a noise limited system, (i.e. a system where the RF f.r.ont end 

noise is the dominant noise source) the detected output signal-to-noise 

ratio, (S/N) 0 is given by 

(S /N): 
1 

B •• -
r 

x 2B 
V 

, ·, 
Using the above _parameters, and sol vin·g for (S /N) .• 

1 

(S/N). = -2.6 dB. 
l. 

I, 

3-12 

• Approved for Re.lease: 2024/06/11 C05025502 

(3.2) 

(3.3) 

• r 
I 

,. 



·coso2sso2 
BIF-476W-043-70 

Therefore, the signal power at the TDA input, PSl is 

PSl = P + (S/N). = -74.3 dBm. . Nl 1. 

To determine the .relative contribution of front end noise,the detected 

noise voltage due to the front end noise power will be determined both 

with ai:id without a RF .·signal present and then compared with the post 

de~ectiori noise voltage introduced at the detector output. 

No Signal Case (noise aloBe) 

First consider the detect~~ front end noise. 

The equivalent bandwidth, B, caB be.expressed as 
e 

B 2 = 144 MHz. 
V 

\ 
'\, 

The front end noise power referre<l to the detector input, PNZ' i'~ 

10 loglO (::) ~ -54.6 dBm (0.35 x l0-2µW) 

and, the detected noise voltage due to PNZ' eNZ' is 

• eNZ = PNZ x K = 3.5 µv. 
y 

Second, consider the noise generated at the detector output. 

Assume post detection NF, F2 = 3' dB, Rv = 100 ohms, Bv = 5 MHz ,:.1r,1ci' 

• and 
.) 

Therefore, when there is no signal pres~nt, the detected output noise 

• level will have equal contributions\ fro,i both the post detection noise 

and-the RF front end noise. 

~~~- ____________ Approved for Release: 2024/06/11 C05025502_ 
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Signal Present Case 

With the signal present, the noise component due to detected RF noise 

will increase because of the presence of the signal x noise tenns in 

the detection process. Recall from eq. 3.4 that the require·d signal 

power at the TDA input, P81 , fo;r a (S/N) 0 = 14 dB is -74.3 dBm and. the 

net RF' gain, Gn, is 28. 5 ,·dB.·:; Therefo;-e ,' the L~_igna~ p~wer lat:. the•. de tee tor 

input, P82 , becomes 

and, the detected output signal voltage, e82 , due to P82 is 

Recall, for ~t·s _ ~ .. • ... ~ dJ; .r· ·:~ =- !4 l:·1Y. 

P81 = -74 .. 3 .dBM, (S-i1/N)~ = 14 dB. 

Therefore, 

eN4 = 5.2 µ,V 

where eN4 is the detected noise voltage due to the rf front end noise 

with a signal present and zero contribution of post detection noise is 

assumed. Also recall, from eq. 3.4 the noise generated at the detector 

outpui, eN3 , is 4µ,V. 

Therefore,the total detecte-a signal.:.present noise voltag~, eN, .is 

(3. '9) 

(3.10) 

(3.ll) 

When the signal is present, there will be approximately a 1 dB increase 

---in. the detected noise, and the reduction in ·sensitivity over the noise ·-=-, 

limited case to the contribution of post detection noise is approxi-

mately 1.0 dB. 

Recall the input triplexer loss = ldB .: ' Therefore/Lthe'-''tequired· signal 
.• 

power, P5 , at the receiver input for S/N) 0 = 14,dB is 

PS = - 7 4 . 3 .d Brn + 1 • dB + 1 dB = - 72 . 3 d Brn . 

3-14 
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As will be shown later in Section 4.0, the required measurement dynamic 

range is approximately 9 dB. 

Theref_ore the minimum •signal level referred to the receiver input, for 

a DF mea~urement, P. : is 
nn.n • 

Pmin =.PS+ 9 dB= -63.3 :dBm. 

The DF measurement sensitivity and input dynamic-range· for all bands 

is sunnnarized lxii Table l.h I e. 1-. 

\ 
\ 
\ 

y 
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TABLE 1 

RECEIVER SENSITIVITY AND DYNAMIC RANGE CHARACTERISTICS 

2-4 GHz 4-8 GHz • 8-12 GHz 

1. Equivalent NF 

a. Mixer input· .dB NA 17 .3 19.8 
b. TDA input dB 8* 9.3 7.2 
c. Receiver· input dB 16 10.3· 8.2 

2. Net RF gain (receiver input dB 20 • 27 .5 31.5 
to detector input) 

3. Maximum power level, detector 
input· 

a. Tunnel detector dBm -12 -12 -12 
b. Hot carrier diode dBm + 7 + 3.5 + 2.5 

detector 

4. Maximum power level,·-· ,. 

receiver ir:1:put 
. '· 

_j "' a. Tunnel detector dBm -32 .)3~. 5 -43.5 
b. Hot carrier diode dam -13 -24"" -29 

detector 

-63. 3~' 
.. 

5. DF measurement sensitivity dBm -58.6 -65.4. 
receiver input ,b'r··· 

\ 
6. Input dynamic '.["ange*1r \ 

a. Tunnel detector dB 26.6 23.8 21..9 
b~ Hot carrier diode dB 45.6 39.3 36".4 -

detector y 

,'r IF Amplifier Inpu_t 

· ** Includes a 9 dB measureme.nt dynamic range in C and X band and 

_approxima.telY. a 4 dB measurement dynamic range in S band, see 

Section 4. O. . , 

3-16. 
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3.2.1.4.2 Receiver Sensitivity and Dynamic Range Conclusions 

The DF measurement sens~tivity referred to the receiver input 

is -58.6~:r -64, and :..67 dBm in S, C and X band respectively. In S-band 

the desired sensitivity is well below the maximum attainable. In C 

and X bands the i~put equivalent noise figure is pacing the sensitivity . 

. In these bands, the receiver· i_s already at maximum realistic sensitivi_ty 

and one .would have to consider increased antenna gains or reducin·g 

bandwidths to realize additional sensitivity. One could also consider 

TDA preamps at the antennas to override the cable and filter losses, 

however, due to the extreme ambient temperature excursions on the 

antenna boom, and the amplitude matching accuracy requirements, this 

would appear to be highly undesirable. 

Using Tunnel Detectors, the dynamic range of the receiver is 

approximately 24-27 dB which has been shown in Reference 1 to be ,. 

marginally adequate. If it were 9ecessary to increase the dynamic 

range, this could easily be accomplished by using hot carrier diode 

detectors and adding a third segment to the two-segment linear 

amplifier which would be adjusted to operate in the linear portion 

of the detector characteristic. 

3. 2 .1.4. 3 Calculation of Receiver 50% Detection Sensitivity 

The detection sensitivity for the TOA, Pulse Width and Omni 

Video measurements will be ~lculated in this section. These measure­

ments are made on the summed detected outputs of all seven channels 

(6 DF + 1 Inhibit). The detected noise voltage will be the sum of all 

seven uncorrelated channel noise sources. 

" '>'(-58 dBm is higher· than normally would •• be .. used iI'l this band (based. on· data 

rate considerations);; .• However, .. it w111·be shown.:·in'.Section.5.hthat: the . . . '• . 
net ante~na gain in this band is -6.5 dB on bores~ght. 

3-17 
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The AC component of the detected output rms noise voltage, crn, is given 

by 

where 

B 2 
V 

n = number of uncorrelated rf channels added after detection 

K = Boltzmans constant 

T = 273°K 

F = Receiver noise figure 

o: = detector square low rectification efficiency·. 

(3.12) 

For B>>Bv, it can be assumed that the noise has a Gaussian amplitude ~ 

distribution. Therefore, for a false alarm rate of ·1. FAS, a video 

bandwidth· of 5 MHz, and a signal pulse width equal to the reciprocal 
L 

video bandwidth.{0:2 µ,sec.),. the input signal power required, S., for 
.. l. 

a s~ngle pulse 50% probability o~ detection is 

KTF~. 
V 

For this receiver, 

n =· ·7 (6 DF + 1 Inhibit Channel) 

Therefore 

Si = .;...114. dBni + 10 ..!og10 (4.1 [7) + 10 log10 ✓ 2x2<JOOx5 + F 

S. =-81.2 dBm+ F 
l. 

Using the equivalent noise figures shown in Table I, this results in 

an ~vail~ble 50% detection sensitivi~y referred to the receiver input 

of -65~2 dBm in S-Band, -70.9 dBm in C-Band and -73 dBm in X-Band. 
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3.2.1 . .5 Summary of Critical Microwave Components 

Since the microwave channels require rather critical gain 

matching and, as will be shown later, make up a large portion of the 

total payload weight, it was necessary to verify the availability of 

all of the critical components as given below. These data were based 

on discussions with the various vendors, however, firm commitments 

were not obtained since the component would not be procured at this 

time and would be unnecessarily burdening the vendors. 

TDA/Mixer Specifications Suggested Vendor 

.C-Band 

Aertech 

A. TDA Specifications 

L Frequency Range 4 to 8 GHz 
2. Gain 10 dB Min 
3. Noise Figure . 5 dB Max 
4. Output Saturation Level -15 dBm 
5. Input VSWR 1. 3 Max 
6. Temperature Range j -20°C to + 60°c 
7. Size(typ) 2 II X 4 11 X 111 
8. Weight 16 Oz. 
9. Pow~r Requirements 20 ma@ lOV 

B. Double Balanced Mixer Specifications 

1. RF Frequency Range 4 to 8 GHz 
• 2. IF Frequency Range 1.5 to 3.5 GHz 
'3. LO Frequency Range 7.5 to 9.5 GHz 
4. Conversion Loss 8 dB Max 
5. Noise Figure y 8 dB Max 
6. LO Power 5 mw 
7·. Size 0.63 11 X 0. 5" X 

8. ·Weight 1 oz. 

c.. Combined Matched Specifications - Set of 7 

(T = -20°c to+ 60°c) 

1. Gain Flatness 
2. Relative Gain Match 

(6 amplifier/mixer sets • to be matched to a 
reference set) 

+l. 5 dB Max 
-+-0.75 dB Max 

3-19 
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X-Band 

8 to 12 GHz 
15 dB Min 
5 dB Max 
-15 dBm 
1.3 Max 
-20°C to + 60°c 
5 II X 4 3/8 11 X 1 
16 Oz. Max 
20 ma@ lOV 

8 to 12 GHz 
2 to 4 GHz 
12 - 14 GHz 
9 dB Max 
9 dB Max 
5 mw 
.63 11 X ."5 II x. 6" 
1 oz. 

+1.5 dB Max 
+o.75 dB Max 

3/8" 

f, 
I 



rcoso2sso2 

' ,, 

I 
I -

' r 
I 

i 
r 
' 
! 

1 JHF-476W-043-70 

Local Oscillators - Suggested Vendors - Varian and Monsanto 

1. Type 
2. ·output Frequencies 
3. Minimum Output Power 
4. • Temperature Stability 

(INVAR Cavity) 
5. We,ight 
6. Power Requirements 

Gunn Oscillators 
7.5, 9.5, 12 and 14 GHz 
50 MW 
50 KHz/°C Max 

3 Oz. 
400 ma at 9V 

Transistor IF Amplifier - Suggested Vendors - Avantek and Aertech 

Matched set of 7 amplifiers 

.1. 
2. 
3. 
4. 
5. 
6. 

7. 
8. 

9. 
10. 
11. 

Frequency Range 
Gain 
Noise Figure 
Temperature Range 
Gain Flatness 
Relative Gain Track 
(6 amplifiers to be 
matched· to a reference 
amplifier within ±<).5 dB 

1. 5 to 4.0 GHz 
28 dB Min 
8 dB Max 

• 0 
-20 to +·60 C 
+ 1 dB 
+ 0. 5 dB 

VSWR, Input and Output 1.5 
Power Output at the ldB.3:, 7 dBm 
Gain Comprd~sion Point 
Size 
Weight 
Power Requirements 

12 - 16 cu.in. 
9 Oz. 
80 ma at 15V 

NOTE: The Avantek AWM-4000N does -not quite meet the above specificat{ons 

as a standard model, however, at some additional cost for aligning 

and testing, t6ese sp~cifications should be attainable. Aerte~h has 

a balanced transistor amplifier under development that should exceed 
y 

all ·of these specifications. The amplifier will' be larger (4" x 4" x l_") 

compared to the Avantek' AWM-4000N (2" x 2" x 3") and weigh about 12 Oz. 

as compared to the AWM-4000N (9 Oz.) 

TDA Limiter (used in Frequency Measurement Channel) 

Suggested Vendor - Aertech 

1. 
2. 
3. 
4. 
5. 
6. 

7 .. 
8. 

Frequency Range 
Small Signal Gain 
Noise Figure 
Gain Variation 
Temperature Range 
Limiting.Characteristics 

Weight 
Power Requirements 

5.0 - 7.0 
35 dB Min 
8 dB Max 
+ 2 dB Max· 
:20 to+ 60°c 
Limiting to occur at -50 dBm input. The 
output will be between -15 and -11 dBm. 
After onset of limiting, 6titput variation 

1wi11·not exceed·+l dB for input signal 
levels to -15 dB~. 
32 Oz. 
40 ma @ lOV, 
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3.2.1.6 Channel Gain Tracking 

For good DF accuracy it is extremely important that great 

care be taken in matching the ampli.tude characteristic of ·the six 

DP channels. It is recommended that the five channels connected ·to 

the antennas on the periphery of the cluster each be matched to the 

boresight channel. 

In order to assess an attainable rf channel match, a tolerance 

was obtained for each of the components effecting the overall channel 

gain. These estimates were all based on discussions with various 

manufacturers and by also referring to published data. These data 

are given in Table 2. The advertised data a-re given in the first 

column in the form of a worst case matching specification. If it is 

assumed that the match between the boresight channel and any of the 

other channels varies from 0 dB to this maximum value in a normal 

fashion (Gaussian distribution) ~nd that the mean value is zero; 

then,the worst case tolerance is approximately equal to the 2.6cr 

value which is given in Column 2. The lcr value can now be determined 

and all lcr values summed in rss form· to give an overall. lcr value of 

0.4·">dB in C and X bands and 0.3 .. ' dB in S band. This also corresponds 

to a 2.6cr of 1 dB in C and X bands and 0~75,·dB {n·S:band. 

3.2.2 Frequency Measurement Channel 
y 

3.2.2.1 Up-Converter-Limiter-Discriminator Description 

Instantaneous broadband frequency measurements are made on 

a pulse-by-pulse basis with two broadband delay-line frequency dis­

criminators preceeded by a broadband TDA limiter, Figure 3-6. The 

output of the boresight channel IF amplifier is up-converted from 

either 1.5 - 3.5 GHz or 2.0 - 4.0 GHz to 5.0 - 7.0 GHz in the input 

mixer ~sing e;ther the 8.5 GHz -0r the 9.0 GHz local oscillator 

respectively. The difference.frequency IF output is selected with 

the 5.0 - 7 .0 GHz_ band-pass filter and amplified _in the TDA limiter. 

The output of the limiter is then divided into two paths to simul­

taneously drive the coarse and fine frequency discriminators. The 

3-21. 
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COMPONENT 

1. Triple.xer 

2. TDA/Mixer 

3. ·Bandpass Filter 

4. Microwave Sw~tch 

s. IF Amplif°ier 

6. Detector 

7. Attenuator 

Overall Channel lcr 

Overall Channel 2.6cr 
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TABLE 2 

RF CHANNEL GAIN MATCH 

ESTIMATED TOLERANCES 
dB 

·roL 2 .6cr 

+o.2 0.2 

+o.75 o. 75 

+o.2 0.2 

+.O. 2 0.2 I.., 

+o.5 0.5 

+o.2 0.2 

+o.4 0.4 

lcr 

.077 

0.288 

0.077 

0.077 

0.192 

0.077 

0.154 

. . . 
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detected outputs of the two discriminators are then combined in pairs 

':1'sing four differential ampl{fiers t~ obtain the four output voltages 

shown. These outputs are then entered into the frequency measurement 

video processor which is discussed in Section 3.4. 

0.5 dB LOSS 

Rf >----<XJ---i 5.0-7,0 GHz 
INPUT SPF 

8.5GHz 
LO 

G = 35 dB 
INPUT LIMIT 
LEVEL= -50d8m 

_j 

COARSE 

4-QUAORANT 

FREQUENCY 

DET 

DISCRIMINATOR Eo cos WTc 

FINE 

4 -QUADRANT 

FREQUENCY 

DISCRIMINATOR 

FIGURE • 3-6 FREQUENCY MEASUREMENT RF CHANNEL 

3.2.2.2 TDA Limiter Characteristics and Small Signal Suppression 

Measurements 

The TDA Limiter s<h:"ves two purposes. First, it provides 

·dynamic range compression thereby reducing the range of power levels 

over which the vide,o processing.circuits must perform. Second, and 
I 

most important, it provides suppression (up to 6 dB) to the lower of 

two simu~taneous signal frequenci_es. This is highly desirable since 

the frequency discriminator can give_ erroneous frequency measurements 

·to simultaneous signals of approximately equal level and the limiter 

reduces the re~ative power range over which this may occur to a 

negligible amount. This will be discussed later in Section 3.2.2.4 and 

the characteristic;_s of the limiter will be given here. 

Figure 3-7 shows the measured transfer characteristic of two 

limiters. The dashed· curve with the vertical scale to the right is 

Approved for ~elease: 2024/06/11 C05025502 
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data taken on a 2-4 GHz TDA amplifier used in the SAMPAN receiver. The 

~olid curve and the left vertical axis is data taken on a 100 Hz to 

15 MHz broadband video limiter. The reason for showing both sets of 

data is that the TDA was not available to perform sm~ll signal suppres­

sion measurements on, therefore, frequency scaled data was taken on the 

15 MHz limiter and both transfer curves were shown for comparison. 

Very s.imilar performance can be expected -from the limi_ter since they 

both perform as nearly ideal limiters. 

' 
i 
-' 
I 
l 

• I 

! 

or-------,-----'--------------'--------10 
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LIMITER INPUT POWER, dBm 

FIGURE 3-7 LIMITER MEASURED ·TRANSFER CHARACTERISTICS 

The small signal suppression characteristics of the video 

limiter are shown in Figure 3-8. Data were taken for two points on 

the transfer characteristic. The dash curve is for the case when one 

signal_ was held constant at the knee of the curve, P1 = -40 dBm, and 

the other signal, P2 was varied from 10 dB below to 10 dB above this 
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point, -50 to -30 ·aBm. The solid curve is for the case when P1 = -30 dBm 

(10 dB above the knee) and P2 again varied about this point+ 10 dB. 

Similar signal suppression performance can be exl)ected over the· entire 

limiting range of the limiter. In Section 3.2.2.4, this suppression 

data will be applied _for the simultaneous signal response of a dis­

criminator to show the improvement gained by the use of "the limiter. 

aJ 
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FIGURE 3-8 15 MHz LIMITER MEASURED SMALL SIGNAL SUPPRESSION DATA 
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3.2.2.3 Four-Quadrant Frequency Discriminator 

The four-quadrant discriminator is shown in Figure 3-9. This 

version consists of 7 each 3 dB quarter wave couplers, a delay line of 

length T, and four matched detectors. The e.quations for the four detected 

output voltage.s, E01 through E04 are developed in Appendix A and also 
• D D 

given below. 

E . 020 

j 

T 

ALL COUPLERS 3 dB 

FIGURE 3-9 FOUR QUADRANT FREQUENCY DISCRIMINATOR 

2 2 • 4 ·1· 2 2 _ K (1-~ )sin 9 . C (1-K) 
EOl - AP. 2 2 3 '. 2· 

D• 1 in (1 K A) i •• , • f"I - cos~ . sin~ 
' ' 

K2 (1-K2)sin48 

2' 2 ·3 
(1-K cos 8) 

K4 . 28 s 1.n 

+ 2 2 
1-K cos Q 
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and 

where: 

9 = 

f is the rf frequency. 

TI f 

2f 
0 

f is the midband rf frequency. 
0 

P. is the discriminator input power. in 

BIF-476W-043-70 

(3.18) 

(3.19) 

A1 , A2 , A3 , A4 are· the detector open circuit voltage coefficients 

(units of µ,V/µ,W). 0 

K is the directional cou'pler voltage coupling coefficient at 

mid-band. 

C is voltage attenuation added to the delayed path to 

appropriately balance the output powers (3 dB or 0.707 for the 

discriminator shown). 

'Tis the delay which determines the overall frequency sensitivity 

of the discriminator. 

The difference voltages (Ecf2 - E01 ) and (E 04 - E_03 ) are present at 

the outputs ·of the two diffe~entialDamplifiers~ '. The ·:angle formed by 

the arc tangent of (E 02 - E01 }/(E04 - E05 ) varies linearly with 
D D D D 

frequency. Hence, the processing of the output require~ a method for 

preserving· this angle, /3, which is given below in eq. 3.20. 

·-1 ·., 
S = Tan ' , 

One method that-is used with ·operator oriented equipment is the use of· 

the polar display where the two difference voltages are applied to the 

vertical and horizontal plates of a CRT. This display indicates ~~-

3-27 
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frequency as the polar angle rela.tive to a reference and the signal 

amplitude as the length of the. radial vector. A method will be 

described later in this section for digitally processing this output 

and preserving the angle Sas a digital word. 

·The length of the delay line, T, determines the unambiguous 

frequency range over which a given discriminator measures frequency, 

the _frequency· range being inversely proportional to delay. In this 

application it is suggested that two discriminators be used; one 

with a relatively fine frequency resolution (typically 250 MHz per 

360°) and a second coarse discriminator with a 2 GHz or greater 

frequency coverage to resolve the ambiguity of the fine discriminator. 

The steps to design a discriminator for a given frequency· 

range includi: 1) Adjusting the length of delay T, and 2) designing 

a quarter wave coupler to be· approximately centered within the desired 
,, 

frequency .range and having the afprol)riate coupling coefficient. 

The two relationships that must simultaneously be satisfied are: 

n 
T = 

2f 
C 

where n is an odd interger~l, 3, 5 .... , and when fc is the center 

frequency of the band covered by one cycle of the discriminator. This 

(3.21) 

insures that S = 180° at f. Second, to insure there are no ambiguties~ 
C 

over the frequency band, 6f, l[T >/6f and preferably as close to 

equality as possible. 

The design parameter for the discriminator used in this study 

is as follows: 

a) Coarse Discriminator 

The center frequency, f, is 6 GHz; the frequency coverage, 6f, is 
C 

2 GHz min. Therefore frQm 'the relationship above, T < 0.5 nsec and 

from eq. 3.21 ri max = 6. Since n must b.e odd, let n = 5, then 
n 'f'.=L.,/2fc<"=' 0.417,fnse·c/,,and.,6f =,\24QQ;MHz.'. jAlso- for.a,3 dB~coupler,: 
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K = 0.74 and for a 3 dB attenuator, C = 0.707. 

b) Fine Discriminator 

It is desired that the fine discriminator repeat approximately 8 

times across the 5.0 - 7.0 GHz band. Letting 1" = 4 n sec, then 

6.f = 250 MHz and Swill.be 0 0 degrees at 5 .o, 5. 25, .... 7.0 GHz and 

180° at 5.125, 5.375 .... 6.875 GHz. Also the corresponding values of 

n ·will be 51, 53 .... 69. 

Equations 3.12 through 3.15 were programmed onto a computer 

and solutions for the four detected output voltages E01 through 

E04 , the' polar phase angle, S, (eq. 3.21) and the variRtion of S 

frog an ideal linear discriminator were obtained. Using the parameters 

above.for both coarse and fine discriminators, the polar angle as a 

• .function of frequency is plotted in Figure 3-1.0. In.this case 37.5° of 

180 
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FIGURE 3-l0'FREQUENCY DISCRIMINATOR CHARACTERISTICS 

the coarse discriminator corresponds to 360° of the fine discriminator. 

The angular sensitivity of the coarse discriminator is 6.6 MHz per 

degree and that of the fine discriminator 0.695 MHz per degree. Since 

'I 
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.the quarter wa:ve couplers do not have perfectly flat coupling versus 

frequency, the polar angle, ~. deviates from the ideal linear response 

-.. slightly. The variation qf the frequency discriminators output polar 

angle from the ideal linear response is shown in Figure 3 .11. The 

ma~imum peak-to-peak deviation is+ 2.3° for the coarse discriminator 
,.,· , o· _. 

and + ~-.3 for the fine discriminator. This corresponds to :!:" 15.3 MHz 

• and· : 2. 3 MHz frequency deviation for t):le coarse and fine discriminators 

respect_ively. 
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The above analysis does not include errors due to internal 

impedence mismatching, imperfect detector matching and temperature 

effects in realizing the discriminator. Experience has shown that 

+ 6° deviation from linearity can be expected in ari actual dis­

crimin_ator. Both. f-~~':~_'.1- and Anaren market this type of discrimin- ) 

a tor with angular deviations· less than + 6°. Using the above angular 

sensitivities, this corresponds to+ 40 MHz for the coarse 

discriminator and+ 4.1 MHz for the fine discriminator. 

In designing the frequency measurement video processing 
0 circuitry, an attempt has been made to preserve typically+ 5 polar 

angle accuracy on through to the digi taf output. 

3.2.2.4 Frequency Measurement Errors due to Simultaneous Signals 

The response of the frequency discriminator to simultaneous 

pulsed signals is the vector sum of the·two signals. The Limiter-
;/ . 

Discriminator shown in Figure 3-6 will generally read out the frequency 

of the stronger of two simultaneous signals and ignore the weaker. 

If the relative power level of the two signals is, however, within 3dB, 

the:i;-e can be an error in the measured frequency, the amount o.f error 

being related to both the frequency separation of the two signals 

and their relative power levels. The significant point to be made 

here is that in a Main Beam Collection application, one signal will 
y 

generally be stronger by several dB and only while flying through the 

crossover point between two emitter beams could erronious measure­

ments occur. Data are given in Figure 3-12 from which the amount of 

error can be assessed. .These data were taken on the SR-1966 S-band 

polar display receiver. This receiver has two discriminators, one 

covers a 1 GHz segment in S-band (2.4-3.4GHz) and a second sub-band 

discriminator covering 250 MHz. The data shown in Figure 3-12 were 

taken on the discriminator covering 1 GHz. Two signals separated by 

100 MHz at 3000 MHz and 3100 MHz respectively were simultaneously 

applied. to the receiver input. The data were taken both with and 

without a rf limiter in front of the receiver. Without the limiter 

it required approximately a 9dB difference in power level for a 

reliable frequency measurement of the stronger of the two signals. 
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As can be observed, with a broadband TDA limiter in front of the 

receiver, only a 3dB difference in power level was required for a 

reliable mesurement of the higher level signal. As a cross check, 

the measured suppression characteristics of the 15 MHz limit'er 

given in Figure 3-8 were applied to the no limiter case and are shown 

as the dashed curve of Figure .3-12. The close agreement of the two 

curves tends to indicate that the improvement with the limiter is 

primarily due to the small signal suppression effects. 

3100 
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i 
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3.2.2.5 Signal to Noise ~imitations ·on Frequency Measurement Accuracy 

In C and X band, the sensitivity of the frequency measurement 

channel will be limited by the thermal noise generated at the receiver 

front end. In reference 3, it was. shown that the measurement errors 

due to thermal no.ise are :invariant with frequency (angular position 

on the pola~ display) and an express~on was developed, (equation 3.78 

of reference 3) which predicts the rms ._frequency error as a function 

of iriput s~gnal-to-noise ratio and other receiver parameter~. The 

-applicable equations· from reference 3 are shown below in the noise 

contributed Frequency Measurement Error Calcuiation. This develop­

ment assumed both a gaussian shaped rf and video bandpass; however, it 

has been experimentally established that eq. 3.23 is also valid for the 

more conventional shaped pass~ands if corrections are used to relate 

the rms ·and 3 dB bandwidth- (eq. 3.24 and 3.25 below). 

As can be observed from.Jeithez: eq. 3.22 or eq.· 3.26: the rms 

frequencY. error is a function of the rf frequency range covered by 

one cycle of the discriminator. Since the ultimate accuracy of the 

frequency measurement is established by the fine discriminator, the 

delay line length, T, was used for the fine discriminator in the 

example. 

- Ref. 3 

y 

Bill B May,~'~ Statistical Analysis of Multichannel Systems 

with App~ications to Broadband, Microw~ve Frequency Discrim-

inators (U) SEL TR No. 1962/1966-1 March 1966 Contract Nos. ----..j 

Nonr-235(59) and AF33(657}-11144, Stanford Electronics 

Laborato]:'.ies, Stanford, California (Report Unclassified) 
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Noise Contributed Frequency Measurement Calculation 

where 

and 

and 

r( 1 
)~ 6£ - --- ' 

[ w~2 + w2 

1 

211TW 
n 

1 W W 2 
+---- • n 

(S/N). 2 2(W2+2W 2)~ 
- 1.n n 

p 

(S /N). 
. in 

= ----'s'--_ 

jsrr. PnW0 F. 

_j 

W W 2 
n 

(S /N). 
in 

l 1 
- exp. 

'·' 

'T is the discriminator rf delay. • 

p is the input rf 
'. 

s 
power. 

p is the thennal noise power (-114 dBm per 1 MHz). 
n 

F is the equivalent input noise figure. 

W is the nns rf bandwidth and is related to the rf 
n bandwidth, B, by 

y 
w -- ----

n (2)(1.18) 

W is the· nns video bandwidth and!•is related to the video 

bandwidth,. b, by 

b 
w =--

1.-18 
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For 

W >> W eq. 3.22 simplifies to 
n 
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For the vernierdiscriminator which repeats every 250 MHz over a 2000 

MHz input rf ?andwidth, 

Therefore 

and 

It can be 

inversely 

inversely 

Using the 

B = 2000 MHz 

b = 5 MHz 

T = 4 nsec 

F = 9.3 dB (8.4) in C-band. and 7.2 dB (5.3) in X-band 

w = 850 n 
w = 4.23 

eq. 3.26 

observed 

. 1\ ..., 

MHz 

MHz 

reduces to 

6 0. 218 X 10 

from eq. 3.27 that 

as the input S/N ratio for 

as the Jcs/N). for large 
in 

)

1-
60 2 

(S /N). in 

the rms frequency deviation 

small signal-to-noise ratios 

input signal-to-noise ratios. 

equivalent noise figures calculated in Section 3.2.1.2, 

varies 

and 

and 

assuming 1 dB input triplexer losses, therms frequency deviation as 

a function of receiver input power is given in Figure 3-13. 

From Figur~ 3-13 it can be observed that the receiver wili 

have a frequency measurement sensitivity of -70 dBm in C-band and -72 

dBm in X-band for a la frequency error· due to thermal noise of·3 MHz. 
\ 

I 
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The maximum signal level in this channel is determined by the saturation 

level of the TDA preamplifiers (-15 d_Bm output le:v,el). This results 

in a maximum receiver input level of -24 dBm in C-band and -29 dBm in 

X-band. This further results in an input frequency measurement 

dynamic range of 46 dB in C-band and 43 dB in X-band. 
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DUE TO THERMAL NOISE AS A FUNCTION OF 

,, .RECEIVER INPUT POWER 
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The frequency measurement sensitivity analysis was based on 

a linear rf channel. That is,. it assumes that the knee of the rf TD.(>,. 

limiter is above the level _for minimum signal measurement. The 

limiter has been specified to have knee in its transfer characteristic 

at -50 dBm referred to its -inpu.t • (See· Section 3.2.1.5). 

The net rf gain from the receiver input to -the TDA L.imiter 

input is 13 dB in C-band and 17 dB in X-band. Hence, the minimum 

signal levels referred to the TDA Limite·r input are ~ss dBm in C-band 

and -57 dBm in X-ba"nd which are 5 and 7 dB below the knee of the 

limiter respectively. 

.J 

,. 
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3. 2. 3 Test Signal Generator Description 

The suggest¢d on-board Test S:i,gnal Generator is shewn in 

Figure 3-14. Two rf oscillators at 2.1 and 3.9 GHz are alternately 

putse modulated.and ~heir outputs combined and multiplied in a broadbana------,:...,.. 

multiplier. The output of the multiplier is then low pass filtered to 

pass the 6utput· frequencies given in the table of Figure 3-14. The 

m_ultiplied 0utput is _divided in an 8-way power divide-r and c0upled into 

the receiver using c~pactivily coupling T's ~hich have a loose coupling 

PULSE 
MODULATED 1-----, 

2.1 GHz 
osc. 

PULSE 
MODULATED 

3.9 GHz 
osc. 

'-----------1 

FROM 
ANTENNAS 

SIGNAL SAMPLERS 

~NHl81T CHANNEL 

BROA'.DBAND 

MULTiPUER 

MODULA10R 

12 GHz 
LPF 

.REF. FROM 
TRG,, . 

8 WAY 
POWER,------

OIVI DER :====:::::::::::::::::_:,::_-_~ 

-~ 

rf SW 
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5 

tJ) 
I­
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Ci. 
z 

0:: 
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...J 
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.i 
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, • FIGURE 3-14 TEST SIGNAL GENERATOR , 

coefficient(> 20, ~B)~ The response of this type of coupler through the 
i '' ' 1 • 

capactive path increa~~with frequency appr~ximately· 6 dB per octave. 

Since the broadband mµltiplier.~ output drops off at higher f.requencies, 
' 
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the amplitude response of the two tend to compensate for each other. 

·It should be pointed out that the intent here is not to provide a 

precise relative power calibration but rather a precise PRI, Pulse 

Duration, and two point Frequency calibrat~on in most of the bands. 

A more elaborate on-board calibration which would calibrate the gain 

match of the six rf channels was considered. However, due to the larg~ 

complexity ~f precisely dividing the power 8 ways and then coupling it 

into the rf inputs over a frequency range of greater than 5:i discouraged 

this type of calibration. It is suggested that on-orbit ground based 

calibration~ perform this function. 

The'timing of the modulator which controls both oscillators and 

the rf switch in the inhibit channel is shown in Figure 3-15. The basic 

pulse rate ·is 1 KHz which is in sync with the ·TRG. The 2. 1 GHz and 3. 9 

GHz oscillators are pulsed by alternate'groups of two pulses. By closing . . 
the switch- to the inhibit channel at a 500 1pps·,rate;harftthe1pt.ilse-s ffrom 

3 ~-

l kHz I l I BASIC PULSE RATE 

3.9 GHz I ·1 osc. OUTPUT 

2.1 GHz YI I· I ·1 
OSC. OUTPUT 

INHIB-IT 

~ON INHIBIT 

RCVR OUTPUT 
HIGH RF TEST 

(250 -pps) 
.i 

RCVR OUTPUT 

I. LOW RF TEST 

(?5.0c, pps). 
.- ----- : .. _{. : I •.- !- - • - l - ... ----. :-._ . -~-- : . 

• FIGURE 3-15 TEST SIGNAL GENERATOR TIMING WAVEFORMS .. . ' 
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each of the oscillators will be inhibited and the resulting output will be 

two 250 pps pulse trains staggered one-half interpulse interval. During 

Read-In the Test Signal Generator is ex.cited for a 360, ms·,' interval once 

per-minute again controlled by the system TRG. 

The relative power level of the TSG should 'be tapered slightly. 

to give ratio measurements other than zero. Since only the three highest 

channels will be r~ad out (see Section 3.3), it may also be desirable to 

insert a two level attenuator. ·in the power divider associated with three 

of the channels and switch its level on alternate TSG bursts. This will 

allow all channels to be checked on two TSG bursts by alternateJy 

measuring sets of three. 

_j 

y 

3-40 

I 

Approved· for Rei'ease: 2024/06/11 C05025502 



!coso2sso2 
BIF-476W-043-70 

3.3 DF VIDEO PROCESSING TECHNIQUE 

. 3. 3.1 Description of Inputs and Outputs 

Figure 3-16 is a functional diagram of the DF VIDEO PROCESSOR 

Section of the receiver. 

Inputs 

OF 
VIDEO. 

INPUTS 

'INHIBIT 
VIDEO 
INPUT 

A -
,,. B -

C ,. 

~ 
D -

- E -
- F 
~ 

:_, I 
..::, 

e 

TIMING S. DATA 
TRANSFER 

CLOCK COMMANDS 

OF 
VIDEO 

PROCESSOR 
,, _, 

. . . 
DIGITAL 
OUTPUTS TO 
FORMAT GEN. 
INTERFACE-

FIGURE 3-16 DF VIDEO PROCESSOR FUNCTIONAL DIAGRAM 

y 

I 
. ! 

The inputs to this section of.the receiver are detected video 

signals frpm the six DF antenna RF/iF. channels and the detected video 

signal from the INHIBIT antenna RF /IF channel'. 

Other inputs are the various clock waveforms and data timing 

and transfer commands. 

Operation 

The basic function of the DF VIDEO PROCESSOR is the processing 

of the six DF VIDE~ inputs to provide a digital DF WORD on a pulse by 

pulse basis. The PROCESSOR determines which three of the six DF VIDEO ~ 
inputs are highest in ~mplitude and stores the ~bsolute amplitude of 

the highest channel and the amplitudes relative to the highest of the 
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second and third highest channels. Also stored is which channel 

(ABC DE or F) is highest, which is second and which is third. As 

described in Sectio~ 2.1 above, this is the information.required for 

the amplitude monopulse DF measurement. 

Outputs 

The output of the DF VIDEO PROCESSOR is a sequence of binary 

bits containing the amplitude power ratios and orders described above. 

Upon command, this data is transferred to the DATA FORMAT GENERATOR 

to make up part of the OUTPUT PCM WORD. 

The·DF VIDEO PROCESSOR/FORMAT· GENERATOR interface logic oper­

ates on the DF PROCESSOR output to optimize the number of bits required 

for the DF information and provides the serial format required by the 

FORMAT GENERATOR. 

3.3.2 DF Ratio Taking Technion~ 

Implementation of the· DF .. amplitude monopulse measurement requires· 

taking amplitude ratios between several channels; this is commonly done • 

using logarithmic video amplifiers in each channel and forming the output 
A 

log A - log B = log B. This method of ratio taking is susceptable to 

errors resulting from non-ideal log transfer functions and transfer 

function variation with temperature. The exponential ratio taking 

technique described below i~ offered as an alternative to the use of 

~ 

log amplifiers and has several advantages which should allow realization 

of.higher accuracy·in a practical system. Linear amplifiers are used 

in the exponential approach, and with sufficient feedback excellent 

gain stability and linearity can be maintained over large temperature 

ranges. Also, the nonlinear function required (i.e. a decaying 

exponential sweep) is generated by a passive R-C network and can be 

made very stabl_e with temperature. Finally, the dynamic range of 

the output is compressed after stretching (which is accomplished 

at the linear amp~!fier output), resulting in minimum errors result­

ing from non-ideal. pulse stretchers. 
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The basic technique chosen for taking the DF channel 

power ratios is illustrated in Figure 3-17. The square-law 

detected videos are amplified linearly so that the various channel 

output. voltage levels are directly proportional to i_nput power. 

For example, the voltage (rf power) levels corresponding to a 

particular direr~ion-cf-arrival might be distributed as indicated 

in the ilh.:3t:.:-.-,:::::.on (Figure 3-17). The power level differences 

are ·co~verted to time differences by applying each video output to 

a comparator and comparing it with a decaying exponential sweep 

which starts at a pre-determined reference level P f. Because 
re 

the sweep is exponential 

p 
ref t 0 o: log. 

PB 
.refer to Figure 3-17 
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Since the sweep time constant is known, a constant k (dB/µs) may be 

determined such that 

·p 
ref..., 

p A k (t 1 - t 0) dB, etc. 

By gating on simple binary clock pµlse counters during the times L. 
. 0 . 2 

tQ - ~l' t 1 ~ ~2 a11d t 2 - ~3 ,, ':he __ cha!'.1ne_~ p~~e~/:~.~1~-~:nar -~~_ .. ea_~i~7dL.:'.',JI. 
converted to a digital format. 

3.3.3 DF Video Processing Requirements 

Dynamic Range ·and Sensitivity 

The dynamic range is limited on the low-signal end by the 

sensitivity of the detectors and the receiver front end noise level. 

To approximately determine· the lox,7er signal level the front end noise 
' ' 3 

can be neglected. Further assuming the use of tunnel diode detectors and. 

a video bandwidt~ of B = 5 MHz, calculations and measurements verify that 
V 

for a (S/N) o~t =· 14 dB, the required IF power to the detector input is 

-47 dBm. Assuming a Gaussian amplitude distribution for the noise at the 

video output, (see. Figure 3-18) the m~asured power level will be within 

2cr of the mean value 95% of the time; thus 95% of the time, for a -47 

dBm signal, the measured level will be between -49.2 dBm and -45.5 dBm? y . 

with a maximum error of 2.2 dB. This number has been chosen as the 

minimum signal level for which a DF measurement will be accepted; thus, 

-47 dBm is the lower limit o.f the measurement dynamic range. It should 

be noted that this error is computed for the matched bandwidth case; 

for pulses longer than 1 sec;, the S/N could be improved by signal 
2(BW) 

in;egration or ave~aging. 

The tunnel detector response changes from square-law to linear 

at higher power levels; typically, ·deviation from square-law is 1 dB at 

an input power l~vel of -12 dBm. If it is desired that the system operate 

only over the square-law range of the detector, the upper limit on· 

dynamic range is approximately -12 dBm, giving an overall range of 35 dB. 
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FIGURE 3-18 ASSUMED VIDEO NOISE AMPLITUDE DISTRIBUTIONS 
(IN ABSE;.NCE OF FRONT END NOISE) 

J 
There is no fundamental reason to prevent using the detector above the 

square-law region ('i.e. in the linear region).· If this were done, the 

dynamic range could be considerably extended on the high signal end; in 

this case, Schottky barrier detectors would probably be employed since 

they have a larger overall dynamic range than tunnel diode detectors. 

One possibility would be to add a third segment to the linear amplifiers; 

which coti:ld then be used for measurements on signals in the linear range 
y 

of the detector characteristic. 

Accuracy 

The fundamental limit on measurement accuracy of the detected 

video signals is the.SIN of the pulses being measured; Other errors will 

result from deviation from ideal response in the PROCESSOR electronics; 

these errors will be discussed in more detail in Section 3.3.5.5. 

Processor Speed 

The tim~ it takes to make a measurement, the measurement· 

resolution and accuracy, and the complexity and cost of the PROCESSOR 

are all interrelated. Since the overall. receiver system ·must make 

..... .._, -= / ..... ~.--:, l :.--:. ·,;::L~ {{ ~;:;:..! 

:. tb~ t~~.lb Ll § tc 
'"\. '·' ·'.:,,, 
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several measurements besides the DF measurement, and eventually report 

all of ~hese in the form of a long serial word, speed is not of over­

riding importance; other measurements can be made and read out while the 

DF m~asurement is in progresi. This technique is reasonably fast 

( 20 - 30_ µs: measurement and conversion time) and provides high 

res6lution and accuracy with moderate complexity. 

Digital Output 

The eventual receiver output is a PCM serial word; as 

mentioned above the conversion of power ratios to time differences by 

the PROCESSOR lends to simple A/D conversion with the use of a gated 

counter. 

3.3.4 DF Video Processor Block Diagram 
,,. 

Figure 3..:19 is a blo~k diagram of the DF VIDEO PROCESSOR; the 

general block diagram will be examined .first with more detailed 
' ' j 

discussion and diagrams to follow in subsequent sections. 

The seven detected IF signals (DF.channels A through F plus 

inhibit) are first amplified by low-noise Post Detection Amplifiers 

(PDA's) and then the DF signals are amplified by two-segment, limiting, 

linear video amplifiers. The outputs of the PDA's including the inhibit 

channel, are summed into a bipolar logarithmic video amplifier (LVA) to . 

provide the inhibit video. Y 

Two~segment Limiting Video Amplifiers 

The two-segment video amplifiers each have two outputs at 

different gain levels; the use of two segments, rather _than a single 

linear output, allows the following circuits (pulse stretchers, etc.) to 

operate over a limited dynamic range to obtain high accuracy. The output 

of ea~h segment is used over an RF input range of approximately 17 dB, 

to cover the range of input powers from -47 dBm to -12 dBm. 
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Measurement Thresholds 

Both the high and low gain outputs (Al through Fl and A2 through· 

F2) are summed to provide both high and low gain sum video. These sum 

vi¢eos plus the inhibit video are used to decide if a signal is present and 

to initiate.the proper measurement sequence. 

Measurement Control Logic 

If a valid signal pulse appear~, "~':;:-;.e:r t~1e high gain or both 

the high and °low gain video outputs are sampled and held for processing. 

' 'The analog switches select either the High Gain (HG) or Low Gain (LG) 

v~deo for. processing (the same segment on all channels) and the switch 

positions are controlled by the signal power level range as determined 
/ 

~by the high and low gain threshold gates. Once the proper sampled 

levels have been applied to the comparator inputs through the analog 

switches, the exponential sweep starts and, as the various comparators 

change state, they set their respjctive latches (refer again to Figure 

3-17). 

~n actual operation, the sweep continues only until three latches 

are set (since only the highest three channels are of interest). If the 

input signal is low-power, the ana.log switches will be ·set so that the 

high-gain segments_are swept first and the sweep will continue into the 

noise if necessary to pick up a third channel. For high level signals, 

the low-gain segments will 5e swept first; if three channels are 

meas.ured during this sweep, the answer is read out; and the PROCESSOR is 

reset; if, however,. three channels are not measured, the switches will 

dwitch to the high segment, the sweep will be reset and started again, 

and will continue until the third .channel is measured. 

A/D Convers·ion 

The output digitizer converts the analog time ·information, 

which contains the channel power levels, .into digital format and stores 

the channel power, Jevel order information. The power levels are coded 

by starting and stopping counters at the appropriate times as determined 

by the sweep start and comparator output· times.' The channel·.order~information 

_Approved for Release: 2024/06/11 C05025502_ 
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can be stored in many ways, one of which is discussed below in 

Appendix C. 

Format Generator Interface 

The output digitizer formats the power level and channel order 

information into a digital serial word and clocks this word to the 

output DATA FORMAT GENERATOR on command. 

3.3.5 Five Channel Breadboard 

A five channel (4 DF Channels plus inhibit) breadboard was 

designed and constructed to verify feasibility of the critical circuits 

and to make perfo:rmance measu:rements on the 'DF VIDEO PROCESSOR. Except 

fo:r the numbe:r of channels and the digital output fo:rmat, this bread­

board ope:rates in the same manne:r as the 7 channel system desc:ribed· 

in Section 3.3.4 above. The b:readboard ci:rcuit schematics are 

p:resented in Appendix B. 
j 

Amplifie:rs· and Exponential Sweep 

. The transfe:r cu:rve fo:r the two-segment video amplifie:r is 

shown in Figu:re 3-20 and the exponential sweep sta:rt voltage is 

indicated on the figu:re at a voltage co:r:responding to P. = -12 dBm. 
• in 

Depending on the time constant of the sweep, _the sweep voltage will 

decay k dB/µs, 

>· . 
From the figure, it can be seen that the sweep start voltage 

dete:rmines the sta:rt powe:r level, either -12 dBm on the low gain segment~ 

or -29 dBm on the high gain segment. Since in some case's both segments 

must be swept to measure the three signals desired, the stop power 

(voltage) level on the low gain segment should correspond to the start 

power level on the high gain segment. The stop power level is 

determined by the sweep perio~ (T) and the sweep k from the relationship 

p = p 
stop start k (dB/ µs) T ( µs) 

Normally T wquld be chosen based on other considerations (i.e. resolution, 

comparator BW, etc.) ·and k (the sweep time constant) would be adjusted 

to give the desired tracking between the two segments. 
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FIGURE 3-20 TWO SEGMENT VIDEO AMPLIFIER TRANSFER CURVES 

Thus when sweeping the low gain segment, the sweep stops at 
y 

-29 dBm; however, when sweeping the high gain segment, the 

sweep is allowed to go into the poise if necessary to measure the 

lowest_ level signal. A more detailed diagram of the measurement and sweep 

control logic is shown in Figure 3-21 and is discussed below. 

Measurement Logic and Waveforms 

The ·high gain and low gain thresholds are combined in Ai.'\/D gates 

with the LVA (inhibit) threshold one-shot (::::::2.5 µs period). The sample 

and hold .circuits are activated by the trailing edge of the Ai.'\/D outputs; 

thus for pulses shorter than the LVA/one-shot·period the sampling will 

occur just prior to the trailing edge. For longer pulses the sample will 

be taken at the end of the LVA one-shot period. 

3-51) 
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FIGURE 3-21 DF VIDEO PROCESSOR CONTROL LOGIC 

For low level signals, only the high gain AND will have an 

output, which will cause· the high gain samples to be held and the sweep 

d'elay one-shot to be tr.iggered (see example waveforms of figure 3-22). 

At the end of the s~~ep delay one-shot period (~2 µs), the sweep gate 

starts the exponential sweep. When three signals are measured by the 
.>" 

comparator·s, a reset .is generated and the· cycle is over. 

For high power signals, both the high gain AND and _the low. gain AND 

will have outputs, triggering the HG and L~ samplers and the sweep d~lay 

and switca one shots. When the sweep starts, the lo.w gain segm~nt will 

be swept first because of the state o·f the switch one-shot. If three 

signals are collected, a. reset will be generated. If three are not 

collected, the sweep will run out its natural period (to -29 dBm) and 

then fly back; the switch one-shot natural period is slightly longer and 

when it ends' the switch delay one shot is_ triggered which restarts the 

sweep approximately, 2 µslater. The sweep now sweeps the high gain 

,. 
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segment until a total of three channels have been measured~ (See the 

waveforms of Figure 3-22). 

H.G., L.G. S n 
LVA THRESHOLDS ._ _______________________ _ 

LVA ONE-SHOT r-i.._ _____________________ _ 

H.G. AND, L.G. AND n._ ________________ _ 
H.G. SAMPLE O-S 

L.G: SAMPLE O - S 

SWEEP DELAY O-S n ~----------------------
SWITCH O-S 

SWEEP GATE LJ 
SWITCH DELAY O-S 

EXP. SWEEP 

n._ _______ _ 

LATCH A 

LATCH B j 

LATCH C 

RESET 

FIGURE 3-22 DF VIDEO PROCESSOR WAVEFORMS 

Digital Outputs y 

For the breadboard system a parallel BCD output format was 

adopted for c0nveniehce in manual data reduction. The diagra~ of 

Appendix B, Figure A4,shows the A/D conversion section of the breadboard. 

In a system where~ binary serial word output was desirable, the decade 

~ounters would be replaced by binary .counters and the storage latches by 

parallel-to-serial converters for clocking to the f0rmatting 'logic. 

A binary output format, including a method for generating the channel 

order word,is discussed in Appendix C. 

In the breadboard DF PROCESSOR system, the digital outputs are 

parallel BCD with a ~eparate order readout code .. 

Approved for Release: 2024/06/11 C05025502 



!coso2sso2. I ' , •• 

Approved for Release: 2024/06/11 C05025502 
. .•:. \~. . , • 

- •◄;., i '\ 
~fl::.~ ! 

BIF-476W-O43-7O 

The power received in each channel is read out as a BCD count 

stored in a mem9ry latch which drives a BCD light display. The transfer 

curve relating the digital count to input power level is shown in 

Figure 3-23. The two curves of Figure 3-23 correspond to measurements 

mad~ on the high gain (approx. -29 to -45 dBm) and low gain (approx. 

-13 to -29 dBm) amplifier segments. A single extra bit is used to 

indicate which segment was swept .first (i.e. the reference power level). 

-so ..-----------------------------7-SO 

E 
CJ 
"O 

-c:: 
w 

5 -30 
a.. 

I­
::, 
a.. 
z 

-20 

PROCESSOR CALIBRATION CURVE 

COUNT OUTPUT 

FIGURE 3-23 DF VIDEO PROCESSOR CALIBRATION CURVE 
j 

-20 

The order .information is encoded with binary bits (and 

appropriate lights) to indicate the highest, second and third channels. 

3.3.5.1 Out~ut C~libration Data and Channel Tracking 
Measurements Calibration Data 

The digital power readout :consists of three counts; the first 

count corresponds to the absolute power level of the highest channel 

which can be determined directly from the calibration curve of Figure 

3-23. For examp~e, a coun_t of 41 plus a high-gain segment indication 

indicates a power level-of -36 dBm. The second count indicates the 

power level relativ_e to the highest channel (i.e. a fir_st count of -41 

and second count of 19 would indicate first and second channel power 

Approved for Release: 2024/06/11 C05025502 
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levels of -36 dBm and -39.1 dBm). The third count gives power relative 

to the second channel. 

Channel Trackirtg Measurements 

Data were taken with the three highest channels separated 3 dB 

in power level and the absolute power level (high channel) was varied 

from -49 dBm to -10 dBm (low channel-46 dBm to -16 dBm). A plot of the 

data is shown in Figure 3-24. 

E 
a) 
'O 

'O 

"' ~ 
::, 

"' 0 ., 
E 

Cl. 

-10 ,---------:----------------------

Pin(CH.A), dBm 

··,. .. 

, FIGURE 3-24 DF PROCESSOR CHANl\TEL-TRACKING 

3..:55 

- - - - - -- -- · -- · · · . - Approved for Release: 2024/06/11 C05025502 --



C05025502 

•,t. 

~ . r , . I 'I 

;--;, r,-::: 1,:~::: ~ •·"'%, ~,,r';J ~ !loved for Rel_e~sr -~024/06/11 C05025502 

..:i tb . n~tb U ti b 
·-- ~ BI F-4 7 6W-043- 70 

It should be mentioned that these are not averaged data but 

rather measurements of a single pulse; this accounts for the large 

errors in the measurement of Ch. D at -44 dBm and -46 dBm. These same 

data which were used in plotti_ng Figure 3-24 are presented in Figure 

3-25, where the difference in measured power level from the expected 

value is plotted versus the power level of Channel A. 

CD 
"O -0: 
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0: 
0: 
w 

-- . 
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.I 
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. -.I 
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J 
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0 CH. B=CH.A-3d8 

t::,, CH; D = CH:A -GdB 

-25 -20 -15 -10 
Pin (Ch. A) , dBm 

FIGURE 3-25 DEVIATION OF MEASURED POWER FROM TRUE INPUT 

~o determine the performance of the ratio taking circuit at 

very low S/N, a number of measurements were made on Channel D, with 

the input power to Channel D set at -45 dBm, -47 ;dBm and -49 dBm. 

In each case, at least 20 pulses were measured; Figure-3-26 

presents amplitude. histograms of the da~a points, plotted versus 

deviation in dB from the expected values of -45, -47 and -49 ~Bm. The 

average of the measurements is also indicated for each of the three 
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cases. • The deviation of 0.6 dB for Pin= -49 dBm is attributed to 

processor errors ·(i.e.d.c. drifts and non-linearities). 

Pin = -49.0 dBm 

AVG. MEASUREMENT= - 48.4 dBm 

J 

Pin= -47.0 dBm 

AVG. MEASUREMENT =-46.9 dBm 

T t f T • j 

·p_ =-45.0 dBm 
in 

AVG. MEASUREMENT=- 45.0 dBm 

T I T T 
0 

T T J 

''Tl ff! I If T 'T 
.990 .825 .660 .495 .330 .165 0 .165 .330 .495 .660 .825 .990 

DEVIATION FROM EXPECTED VALUE, dB 
y 

FIGURE 3-26 LOW S/N AMPLITUDE HISTOGRAMS 

. From the data collected the· 1-s- video processor error is 

estimated as 0.14 dB at high S/N and··0.82 dB at S/N = 14 dB. 
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3.4 FREQUENCY.MEASUREMENT VIDEO PROCESSING TECHNIQUE 

3.4.1 Interpreting the Broadband Freouency Discriminator Output 
• 1 . 

The outputs of -the· frequency discriminator, after subt~acting 

and amplification, are two voltages of the form 

and 

V =·A sin 2IT£-r 
X 

V = A cos·2ITf-r, 
·y 

where A is proportional to signal amplitude, f is the signal r.f. 

(or i.f.) frequency, and Tis a constant associated with the discrim­

inator. The amplitude A can be eliminated from the relationship 

between V , V and f,by dividing V ,,byvV, to form ·the ·,equation 
-X y X' - y 

V .· A sin 2rr fT 
X t"an 2IP:fT -= = , 

Vy A cos 2IT£-r 

thus 
-1 V 

2TifT = tan -2£, 
V y 

or 1 -1 V 
f tan x. = .J 

2TIT V y 

If V and V .are considered vectors in the X-Y plane, then the fre-x y 
quency f can be considered proportional to the angle Sas indicated in 

·the diagram of Figure 3-27. 

_The second relationship is the basis ·for the polar instantaneous. 

frequency display, where V and V are applie9 to the-X and Y deflection 
X y 

plates. of a CRT. 

•. • ' ;· fl . 
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vx = A sin 27TfT 

v =Acos27l"fT y 
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, IMAGINARY 
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"--J._. 

" 
'' 

FIGURE 3-27 POLAR FREQUENCY DISPLAY 

y 

3.4.2 ~ossible Rea~out Techniques 

Several methods, whtch flre discussed below·, may be used to 

preserve the discriminator output in digital form. 

Digitization of V and V 
X 

The most straightforward method of reading out the discriminator 

is to digitize V and V; this, however, would require more bits than 
. . X y . 

necessary to define the frequency and would necessitate the recombination 

of these two voltages to determine f. 
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V " 
Digitize Tangent of Vx. ,1l ,-,if v 

V 

The tangent function relates to the frequency, but the dis­

advantages in digitizing tangent Vx are the large dynamic range· 
V 

y 
required and the necessity of performing a division of V by V and 

X y 
the conversion from tangent S to f. 

Digitize S (or frequency} directly · •.r , • 

If a digital output which is a direct measurement of the 

angle Scan be generated, this output will be directly related to 

frequency so that the number of bits required for the measurment will 

be minimized and the output can be interpreted directly in terms of 

frequency. 

A technique for digitizing S directly has been devised and is 

described in the following sectiori. This method appears to offer 

several advantages over the previously discussed approaches; these 

include direct digitization of frequency and a reasonably straight­

forward processing approach which should be ,capable of yielding 

high-accuracy measurements. 

3.4.3 Analog Multiplication A/D Conversion Technique 

y 
Basic Approach 

Consider the polar frequency display of Figure 3-27 where 

the signal components Vx 

1 
frequency f = ZIT,13,. where 

and V indicate the presence o.f a signal at 
y V 

S = tan-l x. If th~ signal components are 
V 
,y 

multiplied by two sine waves, B sin (j{ ~nd B cos 0, two voltages result: 

vl = (A sin 2ilfT B cos 0) 

and 

v2 = (A cos 2Tif1 B sin 0). 
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These equations may be rewritten as, 

and 

AB 
2 [ sin (2ITfT + 0) - sin 

BI F-i, 76W-Oi,3- 7 0 

AB 
2 [ sin (2ITfT + 0) + sin (0 - 2ITfT)]. 

Subtracting v1 from v2 we obtain: 

or since S = 2ITfT, • 

v2 - vl = AB sin (0 - 2ITfT), • 

V 2 - \\ = AB sin ( 0 - S) . 
•.\ _, 

The angle 0 is actually a function of time; in fact, the·voltages 

B sin 0 and B cos 0 can be visualized as producing on a polar display 

a rotating cuisor making an angle 0 with respect to the O deg. 

reference and making one revolution per cycle of the sine wave: Bsin 0 .. 
The key to digitizing S is the observation that (V2 - v1) changes 

sign when S = 0 (Sis constant for a given signal and 0 is rotating at 

some fixed angular velocity). If a counter is started when 0 = 0 

degrees (some reference position) and stopped when v2 - v1 changes 

sign (when j3 = 0), the count accumulated will be a direct measurement 

of the angle 13, and therefore frequency. 

Circuit Implementation • ( t i r 

A diagram of the ~ircuits required to generate a digital 

frequency readout from a broadband instantaneous frequency dis~ 

crimihator is shown in Figure 3-28. 

The outputs· of the frequency discriminator are sampled.and 

held and applied to· analog multipliers. Also, two reference waves 

90° out of phase are generated (B sin 0 and ij cos 0) at~ frequency 
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FIGURE 3-28 FREQUENCY MEASUREMENT ANALOG PROCESSOR 
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of 25 kHz. The multiplier outputs are differenced to provide the 

vol~aie v2 - v1 disctissed above. A reference square wave is generated 

by squaring up the B sin 0 waveform with a comparator. 

The reference square wave is available continuously, changing 

state- each time the· imaginary rotating cursor generated by B sin r/; and 

B cos 0 passes the 0° and 180° points on the polar display. 

Until a signal" appears and is sampled, the analog multiplier· 

outputs are zero; when a signal is sampled, the output v2 - v1 becomes 

a square wave with the same period as the reference- square wave, but 

with a phase difference determined by -the frequency (angle S) of the 

r. f. input. 

• The digital processing circuit is shown in Figure 3-29. The 

inputs to this circuit are the signal square wave (SSW), the reference 

square wave (RSW) and a command input used to initiate the readout 

cycle. 

r/J = 360° 

is. 3.2 X 

counter starts each time When no signals are present, the 

(0°), is reset and starts again. 

106 counts/sec. x 40 x 10-6 sec. = 
The total number of counts 

128 counts. 

When a valid signal appears (as determined by the receiver 

measurement thresholds) it is sampled and applied to the multiplier 

inpu_ts; after a short delay to allow settling of any transients at 

_the multiplier outputs, a command to initiate the digital measurement 

is given to the processor; this command is synchronous with the clock 

waveform. At the time the process command appears, the reference 

square wave phase is arbitrary and the accumulated count may be 

anywhere between zero and 127. The counter will be stopped at the 

next change-of-state of the signal square wave. It is estimated -that 

the relative phase. between the SSW an·d the RSW can be determined with 
I 

·an accuracy of :t" ·2% (2. 6,:). This corresponds to a lcr frequ'ency error 

introduced by the processor of 1.9 MHz . 

.3-63 
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FIGURE 3-29 FREQUENCY MEASURE~IENT DIGITAL PROCESSOR 
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If a counter were used without any other logic, the count 

at this time could represent either the angle from 0 = 0 deg to the 

signal- (counter turned off on positive transition of SSW) or the 

angle from 0 = 0 deg to the signal plus 180 deg (turned off on 

negative SSW transition). This ambiguity is resolved-by generating 

an· "artificial" bit_ by comparing the counter output with the state 

::u:::r~SW immed.iately after the transition wh.ich tfr-~ off the 

3.4.4 Digital Output Format ~ 
\ 

The output. of ·the digital frequency processor will b'e\a 

parallel binary word (count proportional to frequency). This word 

will be converted to serial format when clocked to the format 

generator. 

In the· receiver system two discriminators are to be used, one 
_j 

fine frequency discriminator with eight cycles over the band (i.e., 

250 MHz/cycle) and one coarse discriminator with one cycle over the 

band. If 128 counts are used .for one polar revolution of the fine 

_discriminator_, the frequency resolution will be 1. 95 MHz. However, 

a given count _out of the fine discriminator specifies any one of 8 

different frequencies separated by 250 MHz; the coarse discriminator 

must resolve this ambiguity. 
y 

It is neces.sary to have more th'an eight resolution cells in 

the coarse frequency discriminat.or (CFD) output s.ince perfect tracking 

between the discriminators will not be poss•ible, and even if it were, 

there could still be a logic or quantization error of one resolution 

cell for frequencies near the fine frequency discriminator (FFD) 

crossover points. However, if the CFD output is quantized into 16 

resolution cells, this problem can be avoided. The scheme for quantiz­

ing the FFD and CFD outputs is illustrated in Figure 3-30. Although 

the· count numbers' are listed in decimal form, it should be kept in 

mind that the actual system will operate in the binary number sy~tem; 

this is the reason·for choosing eight revolutions of the FFD to. 

.. Approved for Release: 2024/06/11 C05025502 
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FREQUENCY WORD (10 BITS) 

lo ,21L2s 2551256 • 3831384 5111512 6391640 767 !768 895,896 102310 
I ·1 I I I I I I 
I I I I I I I I I 

I I I I OUTPUT 1COUNT (7 BITS) 
I I I 

I I FFD I I I 
I I I I 

12110 

I 

12110 lo 12110 
I,, 

12110 I' I 112110 121!0 12110 121 lo : 
I -'-··.:... 

I I I I l 31 32 636495 96 I I I f"' 
i. 

I 
,I I I I I I 

-1 I I I (. I I I 
1.-,> I I - I I I ·I I . -~ .: 

' I I I I'.)\ I CFO OUTPUT COUNT (4 BITS) I '!'. . I I 
I I I I I 

lo • 011 il2 213 314 415 sis 6!1 718 sl9 9ho 10 I II II I I 2 12113 13114 14115 1slo 
I I I I I I I I I I I I I I I ., I I I I I I 

I I I I I 
I . I I I I I I I I I I I I I I I 
I I I I -I I I I I I I I I I I 
I I I I 

I I i I I I I I I I I I I I I I I I I I I 
I I I 

5.000 5.250 5,500 5.750 6.000 6.250 6.500 6.750 7.000 

FREQUENCY, GHz ~ 
."'l 

I 
~ ..._, 

°' :.:: 
.... I 

0 
~ 
w 

3..:30 
I 

FIGURE FREQUENCY MEASUREMENT QUANTIZATION SCHEME ..._, 
0 

)' 
·i 

' i_ 
-•--- •-• r•• - ·- - ----- -
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cover the band. By picking the proper arrangement for the counts, the 

ha_rdware • required to generate the frequency word ~an be kept simple. 

From Figure 3-30 note that the FFD repeats every 250 MHz and 

the desired output frequency word starts at zero (0000000000) and 

increases to 1,023 (llllilllll) as the frequency changes from 5.000 GHz 

to 7.000 GHz. Since the FFD output will be used as the frequency 

'measurement criteria and the CFD only to resolve the FFD ambiguities, 

the 7 least significant bits of the frequency word (FW) will be 

identical to the FFD output count. The task then is to form the 

three most significant bits of the FW; this can be accomplished by 

using knowledge of both the CFD. and FFD ~utput. 

Notice that in Figure 3-30, the FFD output inthe frequency 

range from 6.000 MHz to 6.250 MHz has been divided into four sub­

divisions (0-31, ·32-63, 64-95, 95-127)'.· Ideally, for FFD = 0-63, ,, _., 
CFD = 8 and for FFD = 64-1?7, CFD = 9; this, however, will not be the 

case because of quantizat~on error and discriminator non-linearities 

and drift. 

Suppose we assume that if FFD equals 0-31, CFD = 7 cir 8; for 

thts assumption not to hold, the error in the CFD would have to peat 

least 62.5.MHz which is seve·ral times larger than the errors expected 

from the CFD. Thus, we alsc!J conclude that if FFD = 32-63,.CFD = 8 or:·9;-

if FFD 64-95, CFD = 8 or 9; and if FFD = 96-127, CFD = 9 or 10. 

If the oveiall frequency range is examined.the ~~lationships 

shown in Table 3 become·evident, where the frequency sub-word (FSW) is 

the three most significant bits of the FW: 

FSW FFD 

X X X X X X X X X X 

FW 

• r 

(10-bits) 
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TABLE 3 

RELATION OF FSW TO FFD AND CFD OUTPUTS 

FFD CFD FREQ SUB WORD (FSW) 

(O) 0 0 0 0 0 0 0 15 or 0 0 o·o 
to 1 or 2 0 0 1 

Region 1 3 or 4 0 1 0 

5 or 6 0 1 1 

7 or 8 1 0 0 

9 or 10 1 0 1 

(31) 0 0 1 1 1 1 1 11 or 12 1 1 0 

13 or 14 1 1 1 

(32) 0 1 o· 0 0 0 0 0 or 1 ' 0 0 0 '\. 

_j 

~o to 2 or 3 0 1 

4 or 5 'o~ 0 

'\. 
Region 2 6 or 7 0 1 '1 

\. 

8 or 9 1 0 \ 0 \ 

10 or 11 1 0 1 

y 12 or 13 1 1 0 

14 or 15 1 1 1 

95 1 0 1 1 .1' 1 1 
(96) 1 1 0 0 0 0 0 

l' or 2 0 0 0 

3 or 4 0 0 1 

to: 5 or 6 0 1 0 

7 or 8 0 1 1 

9 or i'o 1 0 0 

Region 3 11 or ·12 1 0 1 

13 or 14 1 1 0 

·-
15 or. 0 : . 

(127)1 1 1 1 1 1 1 ' 
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The FFD is already available; the FSW must be generated. This could 

be accomplished by performing logical combinations of the FFD and the 

CFD outputs directly. However, several steps may be taken to sig-

. nificantly reduce the complexity of the required logic. Note that 

in Table 3 the FFD output has been divided_ into three regions, where 

in each separate region the relation of the FSW to the CFD output is 

constant. The region may be determined by examining only the two most 

significant bits of the FFD output as follows: 

FFD Region 
(two most sig. bits) 

0 0 1 

0 1 2 

1. 0 2 

1 1 3 
,, 

The FSW may be generated for each' of the three regions by simply 

generating appropriate countdown waveforms from the CFD counter 

output as illustrated in Figure 3-31. The top four ·waveforms repre­

sent the four bits of the CFD counter versus time. Examining the 

three most 0significant bits of this counter output revelas that they 

are identical to the FSW required in Region 2. By using some 

straightforward countdown logic operating from the CFD counter output, 

the FSW 's required in Regiorfa 1 and 3 can also be generated, as 

indicated in Figure 3-31. The three FSW's will, of course, all be 

generated simultaneously and the-proper one selected to be placed 

into the FW on the basis of the region determination. The base 

logic scheme is illustrated in Figure 3-32. Examination of Figure 

3-32 reveals· that the output of the .FFD counter is placed directly 

-into the frequency-:word to make up the 7 least significant bits. The 

three possiole frequency subwords are available at the countdown 

circuit out_puts CDl, CD2 and CD3. The proper FSW is selected on the 

basis of the region.. determination and is put into the 3 most signifi­

cant bit positions of the now complete frequency word. 

3-69 
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TIME-

13 14 15 0 

2·s 

FSW I 
FOR 4's 
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I 

~ r 
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~ 
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COARSE FREQ. COUNTER 
(0-15) 

4 2 
CFD 

COUNTDOWN CIRCUITS 

COi CO2 CD3 
2 I 4 2 I 

DATA SELECTOR 
.._ ____ DECISION FSW 

-' 

FFD 

512 256 128 64 32 16 8 4 2 

~ 
FSW 

STORAGE AND PARALLEL TO 
SERIAL CONVERSl·ON 

y 

SERIAL FW OUT 

FIGURE 3-32 FSW GENERATION LOGIC BLOCK DIAGRAM 
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3.5 DETAILED PAYLOAD BLOCK DIAGRAM 

The detailed block diagram of the payload is given in Figure 

3-33 (foldout at end of report). This diagram shows all of the payload 

.sub-assemblies and their functional in~erconnections. The simplified· 

block diagram was discussed in Section:\3:1 which .. identified the. primary 

payload measurements. The receiver RF front end including the basic rf 

channel, the choice of local oscillator. frequencies , the frequency 

measurement channel and the test sign~l geµerator were discussed in 

detail in Section 3.2. The DF Video Processing including a description 

of the techniques used to perform the DF power ratio measurement and 

o~tput digital logic necessary to generate the DF word is given in 

Section 3.3. Last, the Frequency Measurement Video Processing technique 

was discussed in Section 3.4. The remaining measurements which have not 

been discussed in detail are the Pulse Width and TOA Measurements. 

The.TOA Measurement is c.locked at a 1 MHz rate and is a measure 
-' 

of the time between the leading edge of the data pulse to the next half 

frame increm~nt in the 0 PCM ouiput (two data pulses can be transmitted 

each frame, see Section 3.6.1). 

The P~lse Width Measurement is a measure of the time between the 
;,· 

crossing of a fixed threshold on the leading edge of the pulse and a 

fixed voltage increment below the peak of the logarithmeticly compressed 

pulse. It has previously been established that this combination of 

thresholds provides an accurate measurement of pulse width. This 

measurement is digitized at a 16 MHz rate and is read out with .. 0625 µsec 

resolution for pulse widths; up to 5. µsec, and O .125 µsec resolution from 

5.125 to 10 µsec, •r 

'•fl"• i ,• 
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The r~majning portions of the payload include the Timing 
Circuits, the Output Buffer Memory, the Format Generator, and other 

miscell;meous outputs such as the TRG, Horizon Sensor, Status, etc. 

The Timing_Circuits generate coherent timing waveforms from a 

master 16 HHz oscillator which has been synchronized t0 the TRG. 

Provisiog should also be provided to allow the timing circuits to be 

synchronized to a secondary inte~nal reference as a backup to the TRG. 

The output Buffer Memory can store up to two data bits. If data 

pulses occur at intervals less than 250 µsec the measured parameter will 
' ' 

be ·stored in the buffer memory. Both the TOA and Pulse Width 

measurements are available immediately at the time of the input pulse 

trailing edge, however, it requires a finite time to perform the DF, 

Power Level, and Frequency measurements. If a second data pulse appears 

whlle either of these measurements are being processed it will be lost; 
•l 

however, if it appears after they' are completed the first will be stored 

in· the buffer memory and the second also measured. The average time to 

perform both the DF a-nd frequency measurements is 20 µsec. The maximum 

possible measurement time is 30 µsec for the DF and 40 µsec for the 

frequency measurement. 

The Output Format Generator combines the pulse data bits with 

other data such as TRG,· Horjzon Sensor, Status, etc. to generate the 

output PCM word that can be made c0mpatible with the SGLS ground 

station equipment. 
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3 :6 OUTPUT FORNAT 

3.6.1 PCM Data 

The output format of the PCM bit stream is similar to that of 

the URSALA payload.which is compatible with the SGLS ground station 

equipment~ A bi-phase mark PCM code recorded at 256 K bits per second 

and readout at 1024K bits per second is-recommended. The PCM format is 

divided into a MASTER FRAME, FRAME, LINE and WORD structure as shown in 

Figure 3-34. The data parameters, their range, their resolution, and 

number· of bits needed to transmit are shown in Table 4. Eight words are 

needed to transmit the measured parameters of a single data pulse, hence,· 

two data pulses are transmitted on each line. Lines two through 20, 

in the frame structure,are identical and each contain two data pulses 

The first 8 words on Line 1. in the frame are used to transmit a 32 bit 

Barker code frame sync ever:'( 10 ms plus other sub-commutated data. With 

8 words available for each frame 3this results in a total of 3200 bits 

available for the sub-commutated data also listed in Table 4. 

3.6.2 Other Data Channels 

In addition to the PCM data, other analog data charinels are 

frequency multiplexed on to the data link. These include 1) the Omni 

Video data on a Ch E VCO, 2) the GSQ-53 tirre word TRG on a Ch 16 VCO, 

3) either the Sun Sensor or Horizon Sensor command selectable on Ch 15 
/ 

.)' 
VCO, and 4) a 50 KHz reference tone. 

The analog data are to be transmitted on a 1. 7 MHz sub-carrier 

channel with the PCM data in the base band of the single 2 MHz bandwidth 

down link. Since the flight recorder has only 1 MHz bandwidth, it is 

necessary to record these data on two tracks and then frequency multiplex 

the two tracks on playback (see Figure 3-35). The spectrum of the record 

arid down link data channels are shown in Figure 3-36. There is room for 

one additional 5 KHz data channel in the baseband of .the 1. 7 MHz FH 

channel. This could be used for reading out an additional measurement 

such as a cw detection if desired. 
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SGLS 

rF_r_a_m_e_--;----_,.---.:.M.:.::.:,aster Frame Structure 

1 1 2 3 1 • _ J 98 r- 99 100 
'------'--------'----~ ' . 

~--------- 1 sec. ______________ ~ 

256 KBPS 

100 Frames per second 

Line Frame Structure 

.F---1 -1 -.---I· -2_,..I----=...::..,3 1 _··1.1s 1 19 20 

~/ _________ 1 Frame 10 msec. , ________ __;;;, 

20 Lines per Frame J 

2560 bits per Frame 

256 bits per msec. 

Word Line Structure 
i---'--l -1-=-2---,-3~,-:_·114 I . 15. 

~------
16 Words per Line 

128 Bits per Line 

8 Bits per Word 

y 

1 Line 

PCM FORMAT 

FIGURE.3-34 
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PARA.METER 

TOA 

PH 

FREQ 

HIGH Channel 
Power Level 

2nd Channel 
Rel Power Level 

3rd Channel 
• Rel Power Level 

Channel Power 
Level.'Order 

Buffer Pulse Count· 

·H/S Pulse 

S/S Pulse 

CAL 

SPARE 

PCM DATA PARAMETERS 

RANGE 

0-250 µsec 

0.0625-5 µsec 
5.125-10 µ,sec 

0 

0 

2 GHZ 

38.4 dB 

0 - 9.6 dB 

0 - 9.6 dB 

3 of 216 

·o.., 2 
plus ove.,,rflow 

Yes/No 

Yes/No 

Yes/No 

.., 

Total Bits per 1/2-Line (8.words) 
;i 

OTHER PCM DATA 

Frame Sync 26 bits every 10 hls 

Sub Commulated Data. 

RESOLUTION 

1 µsec 

0.0625 µsec 
0.125 µ.sec 

2 MHz 

0.3 dB 

0.3 dB 

0.3 dB 

a. Time Word: 23 hours, 59 min., 59 sec. 20 bits every second 

:/fa BITS 

8 

7 

10 

7 

5 

5 

9 

2 

l 

1 

l 

8 

64 

b. Sun Sensor Angle:-± 32° with 0.5° resolution, 7 bits every 200 msec 

c. Command Matrix: as required once·per:second 

d. ·payload Status:- as required once per second 
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It should be noted that a 1/4 speed, 250 KHz R/I bandwidth is 

suggested. This is to allow for 24 min read-in time intervals. With 

a Hain Beam Co.llection System it is desirable to· turn-on and turn-off 

below the horizon both approaching and leaving the desired area of 

coverage. This necessitates that the payload be turned on from below 

the equator to past the North Pole. 
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4.0 .~~TENNAS 

The antennas best suited for this wide-aperture amplitude­

monopulse DF application are broadband flat spirals; the general 

~haracteristics of these antennas are discussed in Section 2.0 above 

and a typical idealized pattern is presented in Figure 2-2 of that 

section. 

Measured patterns on an antenna of this type are available along 

\vi th summarized data on axial ratios, bore sight shift and 3 dB beamwidth 

measured every 100 MHz from 2.0 GHz to 12.0 GHz. 

These patterns were of the antenna only and did not include the 

effects of the vehicle. The vehicle can be expected to have some 

influence upon the patterns, however this should be minimized an~ 

patterns should be taken with the antennas mounted on a vehicle. 
J 

From the patterns, typic~l monopulse error curves were generated 

for .a cut in the pl~ne of two boresights; in this plot, identical 

patterns for the two antennas were assumed (see Figure 4-1). 

The slope of the error curve is considerably less at f ~ 2.0 

GHz because of the broadening of the antennasbeamwidth at the extreme 

low end of the band; however, above 4.0 GHz, the slope becomes reasonably 

constant and actually osciliates since the beamwidth possess ripples which 
./ 

are a function of frequency. A plot of 3 dB beamwidth vs frequency for 

a constant linear polarization is presented in Figure 4-2, and Figure 4-3 

shows the gain relative to boresight at 32 degrees and 64 degrees. 

The error curves of Figure 4-1 all pass through the origin 

because identical patterns were assumed for the two antennas; in 

practice, the curves will not always intersect the origin because of 

pattern. variations between the antennas. The antenn.a be.amwidth (or 

gain off boresight) will vary as a function of azimuth (at C;Onstant 

frequency) in app'roximately the same manner as it varies with frequency 

at constant azimuth. 

4-1 
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FIGURE 4-1 TYPICAL MONOPULSE DF ERROR CURVES 
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The expected error in the DF measurement can be estimated from 

Figure 4-3; for example, in the 6.0 to 8.0 GHz band, the average error 

cur~e can be drawn and is shown in Figure 4-4. This error curve was 

plotted assuming antenna patterns corresponding to the average values of 

the oscillating gain functions shown in Figure 4-3. From the peak-to­

peak amplitude of the ~ain variations indicated in Figure 4-3, therms 

angular.error due to pattern variations may be estimated and is 

indicated as~ band on either side of the average error curve ~hown in 

Figure 4-4. This error band has a minimum width at the pattern 

crossover and incr~ases toward the antenna boresight. Figure 4-4 

indicates that therms error 32 degrees from crossover is 3 degrees 

and the error decrea\ses t~ about 2. 3 degrees at crossover. 
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Polarization mismatch will also contribute to the DF error; the 

expected value of the axial ratio is about 0.5 dB at crossover and 0.7 

-dB at 32 degrees from crossover. These numbers correspond to angular 

errors of 2 degrees and·2.8 degrees respectively. Adding these errors 

(as rms values) the. total 1 a error is estimated as 3.l degrees a~ 

crossover and'4.0·degrees 32 degrees from crossover. 

The variations in beamwidth (Figure 4-3) indicate that somewhat 

improved accuracy might be obtain.ed in the £'-5 GHz re-gion and possibly 

in the 8-12 region; however, the axial ratio,, will be somewhat greater 

at the band edges and will tend to offset any improvement in beamwidth. 

matching. 

.J 

J 
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5.0 PHYSJCAL DESCRIPTION 

The payload described would require the maj0rity of the space, 

weight and power capability of both wings of a P-11 vehicle. Estimates 

were· made on both" weight and power consumption and are given below in 

·Tables 5 and 6. These estimates were based on conventional packaging 

techniques. For example, as estimated, the microwave components are 

all individually packaged and then asse~bled as a sub-assembly and the 

video and dig_ital circuits were estimated using conventional printed 

circuit board construction techniques. Significant weight could be 

saved by initially pa_ckaging the microy7ave components as integrated 

sub-as~emblies and using thick film circuit fabrication techniques. 

This is particularly appropria_te for the repeate.d video and digital 

c ircui_t"s. 

Th,e overall weight ,_of both boxes was estimated as 74 lbs, 9 0z. 

an_d is· sumn1arized in detail in Table 5. It was originally anticipated ..., 

_that it would be possi·ble to later include either or both a CW measure­

ment capability and a polarization measurement in the system. This is 

not out of the question even with this' high estimated weight because of 

1) the possibility of weight savings over that estiici:l.):ed, 2) the 
• ' ., 

antennas used in this system are.quite small and simple\\_hereby saving 

more weight for the payloads and, 3) in the case of the polarization 
' 

• measurement, it may· be posst,b1e to time share rf channels with the 
. .,I 

' DF measu:i;-ement. For example,' the DF aperature • could "be reduced~,while 
\ 

operating in the polarization measurem~nt mod~'of op~r•tion. 

The power requirements were estimat.ed to be 87 watts (3.4 ampere-s 

at· 26V) and are summarized in Table 6. 
I I 

I t,.I, I l 11• 

...• ! I 1t1, : 
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TABLE 5 

PAYLOAD. WEIGHT ESTIMATES 

• 1. RF Component Weight Estimates 
(using comercially available miniature coax 
packages) 

a. Typical RF Channel 

1. Input Triplexer 
2. 2 each, Band ·Pass Filters (3 oz. ea.) 
3. 4-8 GHz TDA 
4. 8-12 GHz TDA 
5. 2 each Mixers (1 oz. ea.) 
6. Transistor IF Amplifier 
7. Microwave Switch 
8. Detector 
9. 2 each:Attenuators (1/4 o~. ea.) 

10. Signal Sampler 
11. 14 each, rf Cab~es (1 /2 'oz. ea.) 

Total 

j 

b. Frequency Measurement Channel 

1. TDA Limiter 
2.--6 dB Directional Coupler 
3. 3 dB Directional Coupler 
4. 10 dB Direct:isonal Coupler 
5. Mixer 
6. Band Pass Filter 

BIF-476W-043-70 

Weight, Oz 

(4 lbs. 

6 
6 

16 
16 

2 
9 
4 
0.5 
0.5 
1 
7 

68.0 Oz 

- 4 Oz.) 

32 
2 
2 
2 
1 
3 

7. 2 each,' Discriminators (include detectors) 
(8 oz. ea.). 

16 

8. 2 each, rf Osci)lators (3 oz~ ea.) 
9.'. Microwave Switch 

10. 10 .each,~rf Cables (1/2 oz. ea.) 

Total 

c. Local Oscillators 

1. 4 each Gunn Oscillators (3 oz. ea.) 
2. 2 each, 2-way Power Divider (0.5 oz. ea.) 
3. 2 each, 4-way Power Divider (1 oz. ea.) 
4. Microwave Switch 
5. 12 each, rf Cables, (0.5 oz. ea.) 

Total., 

5-2 
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3 
5 

72 Oz 

(4 lbs. - 8 Oz.) 

12 
1 
2 
3 
6 

24 Oz. 

(1 lb. - 8 Oz.) 
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TABLE ·5 (continued) 

d. Test Signal Generator 

1. 2 each, rf Oscillators (3 oz. ea.) 
2. 3 dB Coupler 
3. Multiplexer 
4. 12 GHz Low Pass Filter 
5. 2-Way Power Divider 
6. 4-Way Power Divider 
7. Microwave Switch 
8. 12 each, rf Cables (0;5 oz. ea.) 

To.tal 

e. Summary of rf Section Wt. Estimate 

L 7 RF Channels (68 oz. ea.) 
2. Local Oscillators 
3. Test Signal Generator 
4. Frequency Measurement Channel 
5. Miscellaneous Mounting Hardware 

Total ,, _, 

TOTAL MICROWAVE SECTION 

. 2. Video Circuits Weight Estimate 
(Using conventional PC card construction) 

a. DF Processing Circuits 
b. Frequency Measurement Processing Circuits 
c. Timing Count Down Circuits 
d. Omni Video Circuits 
e. Pulse Width and TOA Measurement•Circuits 
f. Buffer Memory and o1tput Format Generator 
g. TSG Modulator 
h. Video Mounting Hardware 

TOTAL VIDEO CIRCUITS 

3. Overall Weight Estimates 

·a. Microwave Components & Mounting.Hardware 
and RF Cables 

b. Video Circuits and.Mounting Hardware 
c. 2 each, Boxes (120 oz. per box) 
d. Wire 
e. TRG 
f. Power Supplies 
g. 3 each VCO·' s 
h. Command Relays 

TOTAL • I I I .. i) 

TOTAL PAYLOAD 
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Weight, Oz 

6 
1.5 
4 
2 

~ 
0.5 
1 

·3 
6 

'~ 24 
(1 lb. ", 8 

Oz • 
Oz.) 

\ 

'\ 
476 ' 

24 
24 
72 
32 

628 Oz. 

39 lbs. - 4 Oz . 

80 
40 
10 
11 
16 
12 

6 
32 

207 Oz. 
(12 lbs. - 15 Oz.) 

41 lbs. - 4 Oz. 

12 lbs. - 15 Oz. 
15 lbs. - .: 0 Oz. 
·~Llb.-· - ,0 Oz. 

0 lb. -. 12 Oz. 
3 lbs. - 0 Oz. 

6 Oz. 
8 Oz. 

72 lbs. - 41 Oz. 

74 lbs. - 9 Oz. 
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TABLE 6 
'ESTIMATED POWER REQUIREMENTS 

LOAD CURRENTS, ma 
+5v :+1ov +15V -15V +26v 

Unreg. 
1. Microwave Components 

a. RF Channels 
40 ma@ lOV ea./80 ma·@ 15V ea. 

b. Gun Oscillator 
c. UP Converters 
d. Pulse Modulator 
e. TDA Limiter 

Sub-Tot?ls, Microwave Components 

2. Video and Digital Circuits 

3. 

a. 
b. 
C • 

e. 
f. 
g. 

h. 
i. . 

DF Video Processing 
Frequency Video Processing 
Timing Countdown Circuits 
TOA ·& PW Measuring Circuits 
Omni Video Channel 
Buffe~ Memory & Outp~t Format 
Generator 3 
VCO's 
TRG, ES, SS Processor 

Sub-Totals~ Video & Digital 
Circuits 

Total Power 

Regulator 
Voltage 

+5v 
+lOV 
+15V 
-15V 
+26 Unreg. 

Total .Regulated Power 

Current 
ma 

1.530 
770 

1645 
1370 
(30) 

0 

880 
170 
150 
200 

40 

90 

530 

280 

450 

. 40 

770 

Power 
·watts 

7.65 
7.7 

24.6 
20.7 
(0.78) 

560 

100 
10 

670 0 

650 520 
160 180 

, 45 550 
~80 80 

"' '\ 
40 ~"--, 

975 13?,0 
' \ 

\ 

60. 65 watts • 

Assume 70% efficiency of converter/regulator 

0 

30 

30 

TOTAL PRIMARY POWER= (1.43 x 60.6 + .8) = 87.8 watts (3.4A. at 26V) 

5-4 
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6.0 SYSTEM SENSITIVITY AND ACCURACY SUMMARY 

The receiver sensitivity and parameter measurement accuracy was 

investigated in Section 3. The antenna characteristics were reviewed 

in Section 4. The overall system, receiver plus antenna, sensitivity· 

and parameter measurement accuracy will be summarized in this section. 

6 .1 RECEIVING SYSTEM MEASUREMENT SENSITIVITY SUMMARY 

The overall system sensitivity is summarized in Table 7. The 

results are given for spot frequencies at ·the edges and center of the 

three bands, S, C and X. There are two calculations given at both 4 

and 8 GHz, one for each of the adjacent sub-band rf channels. 

The first six items summarize the antenna gain characteristics. 

Since any given antenna will be used over a 128° aperature, the gain is 

summarized ·both on boresight and 64° off boresight. The antenna cable 

was assumed -to be 1/4" semi.:::rigid coax with a foam dialect.ric for mini-

mum. loss. 
j 

The sensitivity at the receiver input for a DF measurement, a 

frequency measurement and for 50% probability of detection is summarized 

in Item 7. The figures shown for S-band are not the maximum attainable, 

but rather that necessary for the measurements based on expected emitter 

power, ·data rates, and receiving antenna gain (loss in this case). The 

figures shown for C and X bands are the maximum attainable based on 

the noise figures specified for these two bands. The figures shown in 

Item 7 for the DF measurement do not include the necessary DF measure­

ment dynamic range but rather indicates the minimum power level of the 

lowest of the three channels used for a given DF measurement. 

Preceed~ng the receiver with the antenna characteristics, the 

various measurement sensitivities referred to the receiving antenna 

input are given in Item 8. Since a single threshold sef on the summed 

video from all 6 DF channels is used in the video processing circuits 
·, 

to establish if there is adequate S/N to perfon11 a DF measurement, the 

DF measurement sensitivity will be constant over the entire aperature. 

This thr.eshold is set based on the minimum acceptable S/N ratio when 

6-1 
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Frequency 

1. Antenna Ga in 
(boresight) 

2. Antenna Gai.n 
(6l,% off_ boresight) 

3. Antenna Cable Loss 
'(5 I FXA ll,-40) 

4. Polarization Loss 

: 5. Net Antenna Gain 
(bore sight) 

6". Net Ant. -Gain 
(64% off boresight) 

7. Minimum Receiver Input Power for: 

a. DF.Measurement 

b. ·Freq. Measurement 

c. 50% Detection 

8. Minimum Receiver Power at 
Antenna Input for: 

a. DF Measurement 
(128° cone of coverage) 

·b. Freq. Measurement 
(on boresight) 

c. Freq. Measurement 
(6t,0 off boresight) 

d·. 50% detection 
(360° coverage) 

9. FSA 1200 nmi 
(40. elevation) 

10. Minimum Power at Xmtr. Antenna 
output for: 

·a. DF Measurement· 

h. Freq. Measurement 
(on boresight) 

c. Fre3. Measurement 
(~4 off boresight) 

d. • 50% Detection 

11. Assumed Xmtr. Antenna gain 
at 3 dB point 

12. Xmtr. Power for: 

-- -a-.- - -DF-Mea.su-reme-1:1.-t--ove-1~ -----
128° cone of coverage 

b. 50% Detection over 
360° coverage 

Approved for Release: 2024/06/11 C05025502 

TABLE 7 

SYSTEN SENSITIVITY SUMMARY 

S-BAND C-BAND 

GHz 2 .3 4 4 6 

dB -3 -1 +3 +3 +3 

dB -8 -5 -5 -5 -5 

cl,!} -0.5 -0.6 -0.8 -0.8 -1 

dB -3 -3 -3 -3 -3 
\.,, 

dB -6.5 -4.6 -0.8 -0.8 0 

dB -11.5 -8.6 -8.8 -8.8 -9 

dBM -63>< -63'' -63* -72. 3 ~72- 3 

dBm :63'"' -63'"' -63'"'. -70 -70 

dBm -63"< -63* /~~''. -70.9 -70.9 
- /' 

dBm -51. 5 -st,. 5 -54.5 -63.5 -63.3 

dBm -51.5 -54.5 -54.5 -69.2 -70 

dBm -51.5 · -54:5 -54.2 -61.2 -61 

dBm -51.5 -54.4 -54.2 -70.1 -70.9 

dB 1~6 169,5 
----

172 172 175.5 

d'llm 114.5 115.0 117,8 108.5 112.2 

dBm il4.5 115.0 117 .8 J.02.8 105.5 
l, 

dBm 11/f.5 115.0 117 .8 110.8 114.5 

dBm lllf. 5 115.0 117 .8 101. 9 104.6 

dB 30 30 30 30 30 

- -d·Bm-· · --81,.5 - ' 85 • -- --a"?-:·s-- TB;s-- -· s2·. o-
I(}/ 280 315 600 70 160 

dBm 84.5 85 87.8 71.9 7 KW 280 315 600 16 0 

, 
/ , 
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+4 +4 

-5 -5 

-1.1 -1.1 

-3 -3 

-0.1 -0.1 

-9.1 -9.1 

-72.3 · -74.l, 

.-.70 ::72 

-70.9 -73 
.. 
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the signal is being received on boresight of one antenna, and 64° off 

boresight on one or more of the adjacent antennas (9 dB measurement 

dynamic range). By setting individual thresholds on each channel, 

and introducing additional logic, the sensitivity could be improved 

slightly over parts of the aperature. For instance, the best 

.sensitivity for a DF measurement would occur where two patterns 

cross over .. This is approximately 3 to 4 dB below the boresight 

antenna gain rather than 9 dB below as in the case either on bore-
o sight or on the periphery of the 128 aperature. The frequency measure-

ment sensitivity, both on boresight and 64° off boresight, is given 

in Items 8b and 8c. Since the frequency measurement is made from the 

center antenna in the cluster, the sensitivity of this measurement 

will be maximum a_t the aperature boresight and minimum on edge of the 

aperature. 

The 50% detection s'ensitivity is given in Item 8d. These 
~ ' 

figures assume a 0 dB antenna gain over the 360° spherical coverage. 

In calculating the 50% detection sensitivity (Section 3.2.1.4.1), the 

noise contribution from all 7 receiver channels was included. It can 

be shown that the sum of the detected signal voltages will provide a 

gain slightly greater than 0 dB, however 0 dB was used in this study. 

The free space attenuation (FSA) for a 1200 nmi slant range is given 

in Item 9. This corresponds to an intercept 4° in from-the visual 

horizon. Using Items 8 and;,-9, the minimum power at the t"ransmitter 

antenna output for the DF, frequency and 50% detection measurement is 
. ' 

shown in Item 10. A transmitter antenna gain was assumed in Item 11 

and used with Item 10 to estimate the minimum transmitter power required 

for the DF and 50% detection measurements. 

6.2 SYSTEM DF MEASUREMENT ACCURACY 

The overall DF measurement errors are due to 1) antenna errors, 

2) • RF channel· gain mismatch, and 3) video processing circuit errors 

including those du_? to thermal noise. Each of these errors were developed 

in previous section~ and are summarized in Table 8. The antenna error 

slope from Figure 4-1 (Item 5) is also given and used to reflect the 

6-3 
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c,hannel gain variations into_ angular variations (Item 6). The total 

1~ DF measurement error of the entire system, antenna and receiver, 

i'.s given in Item 7. The 0.3 dB quantization increment is also 

converted to angular quantization uncertainty in Item 8 for comparison 

purposes. 

6 f 3 FREQUENCY MEASUREMENT ERRORS 

The frequency measurement errors are summarized in Table 9. 

Tne overall lo- error is 2.6 MHz for a very large signal-to-noise 

ratio and 4 MHz for an intercept just above the measurement threshold 

wnich is -70 dBm in C-band and -72 dBm in X-band referred to the 
I 

r~ceiver front end (see Section 3.2.2.5). _The quantization increment 

for this measurement is 2 MHz per bit. 

I 

y 
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TABLE 8 

SYSTEM DF MEASUREMENT ERROR STUDY 

1. Antenna Errors 

a. Antenna crossover 
b. 32° from crossover 

2: RF Channel Match 

a. S-band 
b. C and X-bands 

3. Video Processing Circuits 

a. Ra t{o measurement, large S /N 
b. Ratio error due to thermal noise, S/N = 14 dB 

4. • Combined RMS Error of RF+ Video Channel 

a. S-Band 

Large S /N 
S/N = 14 dB 

b. C and X-banq_s ,, _, 

Large S/N 
.S/N = 14 dB 

5. Antenna Error Slope 

a. 2 GHz 
b. 4-12 GHz 

6. Angle of Arrival Error due to Receiver Errors 

Large S/N 

a. 2 GHz 
b 4 GHz 
c. 4-12 GHz 

y 

7. Total DF Measurement lcr Errors (Antenna + Receiver) 

c_.•. 2 GHz 4 GHz 
Antenna Crossover 

Large S/N 3.7° 3.4° 
14 dB S /N . 6.4° 4. 7° 

32° from Crossover 

Large S/N 4.5° 4. 2° 
14· dB S/N 6. 9° 5.4° 

0.3 dB Quantization Increment 1. 90 1.20 

6.5 
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lcr error 

3.1° 
4.0° 

0.29 dB 
0.38 dB 

0.14 dB 
0.82 dB 

0.32 dB 
0.87 dB 

S /N = 14 dB 

5.6° 
3.6° 
3.8° 

4-12 GHz 

3.5° 
4. 9° 

4.3° 
4. 5° 

1. lo 



C05025502 . ' 
Approved for Release: 2024/06/11 C05025502 

•·-•. •I.'-',·, 

TABLE '9 

Frequency Measurement Error Summary 

1. • Frequency Discriminator Errors 

2. Video Processing Circuits 

3. Thermal Noise Errors 

4. Over al 1 RtV.tS Frequency Measurement 
Errors 

5. Quantization Increment 

_j 

.Y 

6-6 

:u~!Large S /N 

2.5 MHz 

2 MHz 

--------··--". • Approved for Release: 2024/06/11 C05025502 
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lo-

1.6 MHz 

1. 9 MHz 

3 MHz 

At Measurement 
Threshold 

3.9 Mhz 

2 Mhz 
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APPENDIX A 

DEVELOPMENT OF THE FOUR QUADRANT 
FREQUENCY DISCRIMINATOR TRANS FER. CHARACTERISTIC 

1. Quarter Wave Coupler Equations 

C6nsider the quarter wave coupler below 

For 

then 

where 

and 

E1 = E sin wt 

E1 jK sin e 
~ 

(l-K2) cos Q ~.j'.sin 8 

E4 = 2 ~ 
(1-K )· cos Q + j sin Q 

9 = ITw 

2w 
C 

w = the quarter wave coupler center frequency_ 
C 

K = the voltage coupling coefficient. 

A-1 
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. .. 

E2 and E4 can be expressed as 

1-
/. -1 2 2 

K sin 8 ;tan- (1-K) ctn 8 
E2 = El 2 2 l-

(1-K cos 8) 2 

( 
2 )\!t k 1 K 2 2 

- 3an -(1-K) tan 8 
E4 = El 2 2 

1-K cos El .. 

The angle of E2 and E4 remain 90° with respect to each other for 

all El, hence, E2 _and E4 can be simplified to 

K sin 8 L!f. 
El l-

2 2 . 2 

(l':;_K cos 8} 

E • = E • 2 - . /rr / 2 . ( 
l-K2 • )~ 

' 4 1 1 K 28 - cos 

j 

2. Discriminator Equations 

The discriminator shown in !igure 3-9 contains seven of these 

quarter wave couplers, a delay 'T, and four matched detectors. 

The expressions for the four detected output voltages as a function 

of frequency will be developed below. 

Assume that the input voltage, ~e(t), is 

e(t) ·= E sin wt. 

Since the operation of the discriminato~ involves dividing and recom­

bining of voltage vectors at var'ious ·phas~. angles but all at the 

same radian frequency~ it is convenient to express the input·voltage 

A-2 ' ' 

r ri:"l::l~ ,r: 

_____ ...... _____ Approved for ~elease: 2024/06/11 C05025502 
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as a vector and use it as a referenc~ throughout the developm~nt. 

The.re fore let· E. == ·E L!i:_ and referring to Figure 3-9 and th~ 
in 

expressions for'--the quarter wave coupler, equations A-.7 and A.8, 

the voltages_E1 through E4 in Figure 3-9 become· 

1c . • 2 2 

CK(l-K) sin 8 

2 2 
(1-K cos 8) 

K2 (1-K2)\in 8 

( 1 - 1(2 CO s 2 8 ) 3 I 2 

/- (IT/ 2 + WT) 

/-TI/2 

/-(TI + WT) 

2 2 
(1-K cos \8) 

Combinin~ E1 and E2 in the output coupler, the expression for the 

outpu~ voltage, E01 is 

K3 (l~K2)~sin3 8 

2 2 2 
(1-K cos 8) 

/-IT/2 + 

== E -A /-TI /2 + B /-(IT + wT) 

A-3 
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~~~6-~6 b = 

where 

A = 

and 

B = 

\ 
K3 (1-K2 ) sin3 8 

(l-K2cos 2 g/ 

CK(l-K2 ) sin 8 

( 1-K2 COS 2 8 ) J / 2 

BIF-476W-043-70 

To detennine the magnitude of E01 , consider the following sketch: 

B/- (TI+wT) · 

-n 

V I 

0 

' 

Aj -TT/2 

-j 

Im E01 = -j (A - B sin wT) 

and 

jE01J ~ [ B2cos 2 wT + {A - B sin w,) 2 ] ', 

·' 

A-4 
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substituting equations (A.15) and (A.16) into equation (A.17) 

----
v4 . 2g + 1\. s 1.n 

(l-K2cos 2G) 

.Assuming a square law detector with open circuit voltage 

coefficient A1 ,. the detected outpu·t voltage is· 

._.. where P 01 is the power incident on the de tee tor. 

E • 01 
D 

Relative to the discriminator input power, P. , E01 is 
in D 

= A1P. 
in 

K2 (l-K2) sin 49 [ _c 2 (l-K2) + _K4_s_1._· n_2_G_ 

(l-K2cos 2G) 3 '. sin29 l-K2cos 29 
.,I 

and similarly the expressions for E02 through E04 are 
D D 

[ 

2 2 • 
. '.2 2'. _ K (1-K ) _ 2 

------ C K + 2 2 .. t 2CK 
1-!{ cos·, e,·_; 

)~ ] l-K2 

( 2 2 sin WT 

1-K cos 9 

A-5 
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E03 = A3P. 
D in 

K2 (l-K2) sin 4 G [ c 2 (l -K2) 

2 2 3 2 . 4 
(1-K cos G) K sin 9 

+ 2 2 
. (1-K cos 9) 

__ 2_c_K_(_1_-_r?_. ) ___ COS WT] 

. r.c1 z zr,,~ sin 1:1 -K cos o) 

. (A.22) 

2KC(l-K2) . ] 
2 2 1c COS WT 

sin 9(1-K cos 9) 2 

(A. 23) 

.f 

''! A-6 
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APPENDIX B 

DF PROCESSOR BREADBOARD CIRCUITS 

The DF Processor breadboard circuit diagrams are presented in 

Figures Al through A4. 

1. Schematic Diagrams 

Figure Al is a schematic diagram for the 2-Segment, Limiting 

Video Amplifier. This is basically a 3-stage amplifier preceeded by a 

low-noise PDA, and with a reference amplifier and d.c. feedback loop. 

Each stage has considerable negative feedback to provide gain stability 

over a wide.temperature range and the limiting is accomplished using 

hot-carrier diodes in a bridge connection. 

Figur~ A2 is a diagram of the high and low gain summing 

amplifiers and thresholds, the LVA threshold, the exponential sweep 

generator and the measurement control logic, described in Section 3.3.2. 

Figure AJ is a schematic diagram of the video sampling circuit 

used in the processor breadboard. This circuit retains the amplitude of 

the video pulse approximately 100 ns prior to the pulse trailing edge; 

this is accomplished by generating the sample command at the trailing 

edge and preceeding the sampling portion of the circuit with a 100 ns 

delay line . .. The trailing-edge triggered sampler was used to allow for 
..J 

signal integration ~uring a pulse, although the integration was not 

implemented in this breadboard .. This type of sampler would be undesirable 

in a minor-lobe system because ~f multipath caused trailing-edge distortion. 

Figure A4 shows the A/D conversion portion of the processor where 

the time differences corresponding to channel power level differences 

are generated and converted to digital form. The inputs to this section 

of the processor are ~he cl?ck, the exponential sweep and sweep gate and 

various waveforms from the measurement control logic~ and the sampled 

video levels .. 

A-7 0tb~-~-~~~ j j }b 
: . - : 
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~ As each comparator (A, B, C, D) changes state (at a time 

" · proportional to the level of that channel), its latch is set\, the latches 

remain set until a processor reset pulse is generated. The lat~h 

0utputs are used to generate three logic signals (Cl, C2 and CJ)'which 

indicate when one or more latches have been set, two or more, and three 

or more. These logic outputs and the sweep gate are used to generate 

counter gates Gl, G2 and G3, which are up from the leading edge of the 

sweep gate to the setting of the first latch, from the first latch to 

the second latch and from the second latch to the third latch 

respectively. Logic waveforms Cl, C2 and CJ also generate strobe 

pulses which store the latch states after each transition in three 

separate registers, thireby preserving the channel order information. 

Although decade counters were used in the breadboard system for 

readout c~mvenience, binary counters are shown in the diagram and 
,, 

would probably be used in.an operational-system. 'A discussion of the DF 

Processor output format, including the number of bits required and the 

coding of the channel order information is presented in Appendix~C .. ·,is 

A-8 
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,-,-- 2. Two-:Segment Amplifier and Pulse Stret~her Temp. Tests 

The two segment linear ampiifiers were tested at ambient 

temperatures of+ 25°C, + 50°C and - 25°C. The transfer curves for 

both low-gain and high-gain outputs were taken at all three temperatures 

and are plotted in Figures A3 - 5. The low-gain output exhibited almost 

no change over the temperature range; the high gain channel changed gain 

by about 6% ,(0 .5 dB),...a t - 25°c. 

A pulse itretcher was also temperature cycled and the change in 

the output voltage at + 50°c. is indicated in Figure A6. _ 

j 

A-13 
>--1.J 1 '-,. :"· \. ii__ I II • • 
- ~ ...... ~i.:;=i_ !;. HI:!;::; 
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APPENDIX C 

DF PROCESSOR OUTPUT FORMl1.T 

The DF Processor output word format, which includes the 

absolute power refereace, the power levels of the three highest 

channels, the identity of ~hese three channels and their order in 

relative power is shown below: 

Bit Number (readout order) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 
High Chan- 2nd Channel 3rd Channel High Ch. 2nd. Ch. 3rd Ch. 
nel Pwr. Rel. Pwr. Level Rel. Pwr. Level Ident. Ident. Ident. 
Level (6-bits) (6-bits;) (3-bits) (3-bits) (3-bits) 

(6-bits) 

Reference Power 
- Level (1-bit) 

A total of 28 binary bit~ are required to transmit the necessary 

information. The power level count (bits 2 through 19) are available 

directly as outputs of binary counters; the power reference bit (bit-1) 

is generated from knowledge of which amplifier segment was being swept 

(high gain or low gain) when the first measurement was m·ade. . Some logic 

must be performed on the raw order information to generate the order 

code (bits 20 through 28). /A logic diagram for generating the order codes 

is shown in Fi~ure A1. Th~ inputs are the six DF comparator/latch levels 

and the Cl, C2 and C3 strobes which are generated when the first, second 

and third latches are set. 

The six latches (A, B, C, D, E- and F) drive three parallel in/ 

serial out storage registers which are set at the strobe times Cl, C2 and 

CJ; Cduring this time the storage registers are static. Thus, after 

strobe C3, register Rl contaihs l's for all of the highest channels 

(normally a single 1 for the highest channel), register R2 contains l's 

for the c~annels ai the highest and second highest level and R3 ciontains 

l's for the channels which are first, second and third highest in level. 

A-16 
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These three registers are now clocked out in step with each othei and 

a 3-bit binary counter,which indicates at each bit time (by a 3-bit code) 

which channel's history is being examined at the register outputs. When 

a 11one" appears at the Rl output, the code for the channel being examined 

is Stored in a 3-bit memory latch and is inserted in bits 20, 21 and 22 

of the DF Processor output word. When a "one" appears at R2 

simultaneously with a "zero" at Rl the code is stored in the "2nd level" 

memory and makes up bits 23, 24 and 25 of the output word; R3 operates 

in a similar manner. s·ince channels may have identical power levels 

(within the re~olution limits of the system) the extra logic shown is 

required to handle these special cases; basically it allows Rl to 

control the first, second and third registers and R2 to control the 

second and third when necessary. 

A-17 

__ ~ ____ Approved for Release: 2024/06/11 C05025502_, _____ ___ ·--··-- .. ----



"'C05025502 
Approve_d for Release: 2024/06/11 C05025502 

• RESEl 

3-BIT 
CLOCK '>------<l-------------------------- BINARY 

COUNlER 

OF LAlCH IHPUlS 

~ 
F E _o· C B A 

4 2 I 

Jl SlORE 
SlROBE Cl '>---'"-"'=---1-~ PARALLEL IN/ SERIAL OUT l'R-"-1--<0--»-I ONE-SHOT 1--<>---~S~l~O~R=-E--,...i 

STORAGE 

STROBE C 2 .,__Jl-=.Sl_O~R~E--,__,,.., 

.Il_ STORE 
SlROBE C3">---'------<__,_. 

RI INHIBIT 

\. 

F E D C B A 

R2 

PARALLEL IN/ SERIAL OUT R3 
STORAGE 

R3 

FIGURE A7 DF PROCESSOR CHANNEL ORDER STORAGE 

ONE-SHOT 

INHIBIT 

td 
H 
'rj 
I 

-I'­...., 
°' .:E:: 
I 

0 
-1'­
w 
I ...., 

0 

Approved for Release: 2024/06/11 C05025502. __________________ _ 



C05025502 

I 
'T"' 

Approved for Release: 2024/06/11 C05025502 

SECREIJE 

J. 

I I 
I 

4lOD1 1,0NOL ••DDITIONI 

~• c••:HEL! i°HANNHSI 

I I I 
I I I 
I I I 

I ! : 
~, CHON~EL i 7 1 

•·• I I 1 

' c-'---t--+-->--~ 

----------1-----

! ··~~-, 
i ""'F,. 

• -----i_ _ ___Jt~ 

~} :::;l: ' 
L ________ --- ------

F'r-17 ~EJ-B:~:..~"e¥i ll::~Q-_---- _J 
..___ - ---< ~"if,'"' 

Approved for Release: 2024/06/11 C05025502 

BIF-4 76W-043- 70 
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