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SECnON 1 
REPORT SUMMARY 

During the period January 1973 to May 197U, RCA Corporation, in conjunc- 
tion with Riverside Research Institute and the Rome Air Development Center, 
was engaged in a procram to upgrade the RADC SOI Test Facility at the RADC 
Floyd Site near Rome, New York. 

RCA's primary task was to integrate various critical systems components 
that were purchased by RADC and to supply a low-Jitter master synchronizer. 
This necessitated the porchase by RCA of the components and cabinets necessary 
to complete this integration effort. In addition an RF computer-controlled 
checkout system for system calibration was designed and installed. 

Several delivery problems were encountered with the RADC-supplied vendor 
components due to the rigorous specifications that were essential if low-level 
sidelobes (>30 db for this 500 KHz bandwidth radar that operates at S Band 
(3350 MHz)) were to be achieved. These problems were generally small but 
time-consuming to resolve. 

Consequently most of the subsystem testing (but only limited system 
testing) was performed prior to contract completion. 

One of the most critical components is the wide band sweeper (500 MHz 
BW at 2,k6 GHz). The original sweeper used a voltage-tuned magnetron with 
a 1-watt output. These tubes are obsolete and no longer available from the 
vendor, RCA developed a solid-state sweeper to allow the pr03ram to proceed. 

As a result of this program the synchronizing system was completely 
rebuilt; the low-level receiver processing was rebuilt; the antenna-located 
signal-frequency receiver system was rebuilt in an RFI-free cabinet; an 
additional room on the antenna was environmentally controlled; a wideband 
solid-state sweeper was built and installed in this room and the transmitter 
pulse width was widened to ho  usec in addition to obtaining the full 500 MHz 
capability of the transmitter. 

This report deals with all these areas and is categorized as follows: 

System Improvements (SECTION 2) 

This section deals with the various components and changes that were 
planned and made and their impact on overall system performance. 

Site Technical Activity (SECTION 3) 

This section discusses the original work that was directly accomplished 
on site to support the purchased systems components and the wideband sweeper 
development. 
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Vendor-Supplied Components (SECTION U) 

The inclusion of this section is to provide a collated suinmary of the 
key features of the various key vendor-supplied components. The individual 
vendors each supplied their ovn instruction handbooks and the data in this 
section is intended to provide an overview of all chese items vhich were 
supplied by five different compant-s. 

Conclusions (SECTION 5) 

This section presents a brief summary of the contract vith conclusions 
drawn from the efforts performed. 

During the program a total of lk  Program Memos were written and distri- 
buted. Most dealt with trip reports and recommendations based on those 
trips. However three of these reports are technically significant and, in 
the case of FOM 12, provided the results of an extensive set of transmitter 
measurements. The three are referenced throughout the text as existing 
documents; copies will be supplied by PCA to the interested reader upon 
inquiry to the authors. 
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SECTION 2 
SYSTEM IMPROVEMENTS 

2.1 General. In a wide band pulse compreßsion radar sw.h as the RADC 
SOI Test Facility, two of the most significant parameters in determining 
quality of the massive array of wide band components employed are a-nplitude 
ripple or flatness and phase ripple or linearity. As Klauder has shown 
by his paired-echo concept,1 the level of time-sidelobes in a chirped 
radar system is a direct function of the amplitude and phase ripple. The 
relationship is shown in Figures 2,1 and 2,2, 

Amplitude and phase ripple in radar systems are generally traced to 
the reflection of energy and the resultant voltage standing waves caused 
by the mismatching of contiguous components such as amplifiers, filters, 
mixers and the like. Figure 2.3 shows the time-sidelobe levels due to mis- 
match of two components having VSWI^ and VSWRg, respectively. 

As an example, it can be seen that to achieve time-sidelobe levels of 
UOdb, it is required that the two contiguous components in question each 
have a VSWR of 1.22, as seen from the intersection of the line marked "Line 
of equal VSWR pairs" with the curve labeled UOdb Sidelobe Level. 

In the case of unequal VSUR's, one can either predict the VSWR of the 
second component if the VSWR of the first and the sidelobe level are known 
by using the curves of Figure 2.2. Conversely, if the VSWR's of both com- 
ponents are known, the expected time-sidelobe level can be read from the 
curves. For example, if one component has a VSWR of 1,22 and the other 
contiguous component has a VSWR of 2,0, then a sidelobe level of 30db can 
be expected from this pair. 

In order to measure and evaluate components and even subsystems several 
test loops have been devised for the test facility involving both the wide- 
band and narrowband swept signal as well as a narrow pulse (2 nanoseconds) 
generated in the time domain, 

2.2 Test Loops. Basically, three internal test loops have been incor- 
porated into the radar system, to allow system calibration and adjustment as 
well as monitoring performance and locating defective components. These 
three loops operate at 1) 3350 MHz F0, with a 500 MHz chirped ho usecond 
pulse, 2) 950 MHz, with a 2.5 MHz chirped pulse and 3) 1+5 MHz with a 2.5 MHz 
chirped pulse. Each of these loops utilizes switches driven by TTL logic and 
have been interfaced with the PDP-1 computer to provide computer-controlled 
static and dynamic internal test data. 

1 "THEORY AND DESIGN Of CHIRP RADARS" - Klauder, Price, Darlington, 
Albersheim, Bell Telephone System, Monograph 3660. 
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The RF or 3.35 GHz test loop also contains a solid-state noise source 
to allow the measurement of system noise figure as well as minimum discern- 
ible signal for a sensitivity measurement. Figure 2,k  is a block diagram 
of the 3.35 GHz swept signal and noise test loop. 

Each of the switches shown in Figure 2,k  con be actuated either by the 
system computer or by manual switch. They are cu.inected normally in the 
fail-safe node; that is, with loss of power, the switches will revert to the 
signal thru-path rather than a test path. 

Thus, noise figure is measured by energizing Sp, Sl|, S5, Sg and Sy, with 
S3 in the "off" position. RliS noise value is measured at the video end of 
the receiver. S3 is then energized, firing the noise source, and another 
realing tn.^011 of the noise power at the same point in the receiver. The 
output attenuator is then adjuclud until the noise power reading with the 
source "OH", is the same as that with source "OFF". The change in attenuation 
is the "Y" factor, and Noise Figure can be computed from the following rela- 
tion: 

F(db) = 10 log 
ENR-1 
Y-l Where ENR  is the effective excess noise 

ratio of the noise source as seen at the input to the preamplifier being 
measured. 

To measure sensitivity, the test signal at 3350 MHz is injected into 
the pre-avp by energizing S-^ and adjusting the attenuator in series with the 
test signal until the signal reaches some pre-arranged value, 

T-R tube recovery time can also be monitored or measured in this manner 
by emitting a transmit pulse from the antenna, thus firing the T-R tube. 
Secondly, a test signal is injected into the receiver and stepped closer 
in range until its level as measured at the receiver output is attenuated 
by some predetermined level, usually 3 db. The time beiween the end of 
transmit pulse and the beginning of the test pulse is then the recovery time 
of the front end, principally the T-R tube. 

For the first IF and second IF test targets, a frequency synthesizer is 
used to effect a slope reversal of the dispersed pulse nnd provide a moving 
target that can be slewed or stepped throughout the entire 2,5 MHz window 
as determined by the computer program. In addition, the computer commands 
the programmable attenuators normally used for AGO in the vertical and hori- 
zontal IF channels to simulate a target varying in amplitude. 

Since the synthesizer is controllable in steps as small as 0,01 cycle, 
the test target can be used for phase measurements and calibrations as well 
as amplitude measurements and calibrations. 

The H5-megahertz test-target generator block diagram is shown in 
Figure 2,5, 
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The first IF, centered at 950 MHz, receives its test tarcet signal from 
the up converter, where the h^  Mk cornputer-controlled signal is mixed with 
995 Mb. A sample of this signal is taken by means of a 10 db directional 
coupler and fed to a power divider for insertion to the vertical and horizon- 
tal IF  channels as shown in Figure 2.6. 

2.3 Solid State Sweeper.     Originally, thd test facility had 
utilized a voltage-tuned magnetron as the source for the 500* MHz- 
bandwidth FM chirp pulse. Ibis approach was found to be inadequate 
for several reasons: 1) the tube and associated circuitry were optimized for 
250 I'JI:: Bandwidth operation; 2) magnetrons themselves are inherently unstable; 
3) to increase the bandwidth to tre necessary 500 lalz, the voltngr ramps 
would have to be modified to produce sawtooths ranging »is high as 500 volts 
peak-to-peaJc, increasing the probability of EMI; h)  space required for the 
VTM configuration was quite lar^e creating a physical space problem; 5) the 
tube used is obsolete and recnr.ineering would be required to use an alternate 
type. 

In view of the nbove, a solid-state voltage-controlled sweeper was pro- 
cured by KADC, but due to nur.erous difficulties by the supplier, it was 
decided to design an interim, open-loop sveeper in order to cor^plete the 
installation and to conduct tests using external as well as internal targets. 

Because of the lack of time and money, on approach was taken that would 
most expeditiously tie the radar together as a system, albeit with reduced 
performance. Hence, a solid-state voltage-controlled oscillator «ru ordered 
from Solid State Technology and incorporated into a three-bandwidth sweeper 
centered at 2.U GH;i. 

Data taken on the VCO indicated less than l<o  (O.Tjt) deviation from 
linearity of the voltage/frequency characteristics as shown in Figur« 2 7 
plotted from the data taken in Table 2.1. Although th^s data was taken' 
passively, in the CW mode, the accuracy of the linearity was corroborated 
by a dynamic Linearity Measuring Technique described in FOM-17, Reference 3. 

The VCO characteristics are: 1) Linearity (frequency versus voltage) - OMi 
2}  Amplitude Ripple (flatness) +0.3 db; 3) Power Output: +23dbm; k)  Voltage 
Sensitivity:  125 KHz/millivolt. J  ,  ; uxu^e 

This VCO unit was incorporated in the wide-band sweeper described in 
subsection 3.6. 

2mh    Range Tracker look-Ahead. Because of the limitations of the 
existing range tracker, a look-ahead scheme was developed to allow lock-on 
of the target in the wideband rrode. Its operation is as follows: after 
acquisition of the target in the CH mode, the system reverts to an inter- 
laced mode, whore the CW signal is radiated for angle-trackinc purposes 
while everj- other radiated pulse is one of the three selected bandwidths, 
5 MB, 50MHz or 500MHz. Since the range tracker requires one to two seconds 
to settle out, it is highly doubtful based on past experience that the lag 
errors would be sufficiently reduced when the bandwidth was increased to 
provide a narrower range window. 

10 
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TABIi? 2-1       SOLIE -STATE VCO HiKFORMANCE DATA 
1 

SSV - 0266 LI , Serial Number I 

VOLTS KüiQUEIJCY VOLTS FREQUOKa VOLTS VBEßPEllCt VOLTo FREQUELCY 

.150 2059.28 l.'<5 2221.16 2.75 2373.32 »+.05 25^3.73 

.20 2065.66 1.50 2226.U2 2.8o 2380.69 U.10 251+9.6^ 

.25 2071.^0 1.55 2231.67 2.85 2337.65 k.15 2556.23 

.30 2077.w I.60 2236.63 2.90 239'*. 93 1+.20 2562.3^4 

.35 20Ü3.'i0 I.65 22 Ja. 71 ^.95 2U03.33 U.25 2568.5'+ 

.UO 2090.10 1.70 22hG.3h ..00 2'ai.oi ^.30 257U.75 
M 20(>S.5^ 1.75 2251.8U 3.^5 2U19.U U.35 2581.29 
.50 210.'+. 20 1.30 2258.30 3.10 2U25.15 h.ko 2587.71 
.55 2111.32 1.85 2263.Uo 3.15 21429.99 hM 259J*.33 
.60 2113.51 1.90 2263.06 3.20 2U35.63 U.50 2601.16 
•65 2125.'lO 1.95 2273.32 3.25 2UU2.U2 •».55 2609.IS 
.70 2131.63 2.00 2278.'(0 3.30 2.'t50jH U.60 2616.03 
.75 2137.55 2.05 2233.82 3.35 21+C0.60 U.65 2623.U7 
.80 211*3.05 2.10 2289.30 3.^0 2ii69.59 ^.70 2630.76 
.05 2ll|8.01 2.15 229^.96 3.'*5 21+77.51 U.75 2638.25 
.90 215'M9 2.20 2301.76 3.50 2U33.33 »1.80 261+5.97 
.95 2160.25 2.25 2307.96 3.55 2U89.53 U.35 2653.^8 

1.00 2166.95 2.30 23lh.lk 3.60 2U91+.8J+ h.90 2662.16 
1.05 2173.20 2.35 2320.57 3.65 2500.13 h.95 2669.80 
1.10 2179.52 2.U0 2326.73 3.70 2503. Ii3 5.00 2677.72 
1.15 2185.78 2.U5 2333.OU 3.75 2510.71 5.05 2686.29 
1.20 2191.83 2.50 2339.26 3.80 2515.92 5.1c 2693.81 
1.25 2197.73 2.55 23U5.59 3.85 2521.27 5^15 2703.12 
1.30 2203.66 2.60 2352.00 3.90 2526.77 5.20 2711.'+5 
1.35 2209,W 2.65 2359.55 3.95 2532.57 5.25 2721.82 
l.ho 2215.15 2.70 2366.16 k.OO 2538. I'I 5.30 2729.5^ 

13 



The look-ahead feature allows the radar to track in one mode, say 5 MHz 
while displaying the video of the next wider bandwjith (50 MHz).    Any -ange 
error observed in the wider bandwidth is removed b/ means of a "joy-stick" 
with memory, so that the  "look-ahead" target is centered in the range window 
When the range error is sufficiently reduced, the 50 MHz bandwidth is selected 
for range tracking and the 500 MHz is displayed in look-ahead fashion.    Thc- 
process is repeated until the target is locked in range in the widest band- 
width ^narrowest range window). 

2.5 Prorrfur^able AGO.      The receiver AGO was modified to allow 95-db 
dynanic ran^c inT-dbsteps insertable automatically by the computer.    This 
is an improvement in the dynamic range of 35 db over the former scheme. 
Added are a switchnble 32-db attenuator ahead of the RF pre-amp to prevent 
saturation of the front-end on strong signals,  and a T^l compatible progror- 
mable attenuator r.anufactured by Daico Iud')stries  in the bj-lfb IF.    Both 
of the attenuators have switching times of about 10 usec, so they can be 
switched at a PRF rate if necessary, as may be the case in rapidly tumbliiv 
space objects. 

These attenuators are switched by the computer during measurements 
made in the internal tests using the internal test target simulator as well 
as in real time operation. 

2.6 Wave.Tuide Disperrion Correction.      According to Elliott1, phase 
velocity in a vaveruide is a nonlinerj- function of frequency and thus causes 
dispersion of the spectral components in the pulse waveform.     In one assumes 
that in most practical cases,  the phase con-tant is a quadratic function of 
then B(v), the phase constant can be expressed by: 

X c 
vC ?     2 -(tie 

(1) 

where, ^ g is the guide wavelength at the angular frequency w and/ = 
V^** e 

with/4 and e the permeability and permittivity, respectively, of the mediums, 
filling the guide. U)c is the cut off angular frequency of the particular 
mode being conüidered. 

1. "Pulse V/aveform Degradation Due to Dispersion in Waveguide", 
IRE Transactions on Microwave Theory and Techniques. 
October 1957 - pp. 25U-257. 
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Eq (1) can be expanded in a Taylor's series about the angular frequency 

•2^. L       Je v-^v L       J 

-j- _L «i_ii r*j - ^»l  
2.   7* pltf L J 

^) 

It is apparent fron (l) and (2) that Bio.)  is not a linear function of 
(xJ.    Thus, the Fourier components of a pulse travellinc down the wavcnuide 
are dispersed, and the exit vavefora is degraded. The ar-.ount of degrada- 
tion depends on the Fourier corrposition of the vaveforrn, the length "L" 
of the ? in of wvecuide, and the rapidity of convercenco of the series (2). 

A convenient r.cthod of compensation for the dispersive effects of the 
wavenuidc run is to run the vide band L.O. signal through an equivalent 
len-th of waveGtd.de, time equalizing the instantaneous time delay throughout 
the pulse. 

Equation (l) con be rewritten to 

where L = length of guide, c = speed of light. 

The equivalent instantaneous time delay is: 

o; 

Js-i t-a-'kO-w   v 
£0 c     q » u/r    &*>„ • 

j T-.  -±0- o3)   * 
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The rate of change of delay with the frequency variable is; 

<4 * c v    J 
CO 

^ > >. r«' ■ uv _!±.      f/ 
«j o^ u) 

•V   Ä- R «<\ 

Ar 1.   L ÄV,.alyr (0 

A length of Vm3^0, having cn(j)c  of 1.737 GHz will be calculated to 
provide the correction due to 30 feet of WR28U in the transmit .path. WQQk 
has an Wc of 2.u6 GHz. 

ir'kC-^y- T-%0'*'X) 
2 (O 

q,1  w, U- ^t' J (^ 

£2    ^O'J&t., ****** Soff *    lO-e if-     (lo) 

Thus 10.8 feet of WI^Uo was inserted in the L.O. line to effect the 
compensation. 

A plot of the change in time delay ^ue to both lengths of guide as 
well as the equalizing effect of the corrective guide shows that a U-nano- 
second dispersion is reduced to approximately 320 picoseconds (Reference 2). 
In corroboration, a 0.2-nnnosecond pulse was fed through the corrective 
guide and its dispersed rate displayed on a sampling scope. The change in 
frequency with time shows the dispersive properties of the guide. 

Figure 2,8 shows the parameters of the waveguide assembly as well as 
on outline sketch of the mechanical configuration. 
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Figure 2.8    Specification CFC 618731, Waveguide Assembly, to be Used in a 
Dispersion Network in an S-band Radar, 
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SPECIFICATION CFC 618731 
WAVEGUIDE ASSEMBLY 

1.  This Specification applies to a Waveguide Assembly to 
be used in a dispersion correction network in an 
S-Band radar. 

2.  Operating Frequency - 2.A GHz nominal. 

3.  Bandwidth - 2.15 to 2.65 GHz. 

4.  Waveguide:  WR 340 (Aluminum). 

5.  Connectors: Type N, Jack, 

6.  Flanges:  Optional. 

7.  VSWR:  1.2 or less over band. 

8.  Paint:  White all over except connectors. 

9.  Configuration:  See Figure 2.8 

18 
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When internal test targets are usad, (no waveguide employed), the dispersion 
correction is bypassed and an equivalent length of 1/2" alumi-spline cable 
is substituted as shown in Subsection 3,2,1, 

2»7 Phase-locked Oscillators,  During the test and measurement phase 
of the upgrading of the RADC SOI Test Radar, it was determined that the 
three high-order frequency multipliers used in the system be replaced by 
phase-locked oscillators. These are the 880 MHz, 995 MHz and 2,U GHz 
multipliers which have multiplier constants derived from 5 MHz, of 176X. 
199X and U80X, respectively. 

The reason for their replacement was two-fold: 1) the inherent instabil- 
ity and level-sensitivity of these devices, and 2) the signal-to-noise ratio 
of the reference source is degraded by a factor of 20 log N, where N is the 
multiplication factor. 

Thus, the degradation is M+,9 db, »+5,9 db and 53.6 db respectively for 
the three multipliers. Since the 5-MHz source noise was down about 110 db, 
the degradation resulted in marginal performance if ^0 db time sidelobes 
are to be attained. 

The principal benefits from multiplier replacement are: l) the "FM 
Noise" or deviation of the carrier is at least phase related to the source, 
and 2) the effects of the multiplied noise are separated from the desired 
carrier by the reference frequency or 5 MHz, In addition, with a cavity- 
type oscillator, circuit Q's of 1000 or greater can be achieved reducing 
the effective noise bandwidth and hence the total noise power in the output 
signal, Signal-to-phace noise ratios of greater than 85 db were attained 
with the phase-locked oscillators provided. 
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SECTION 3 
SITE TECHNICAL ACTIVITY 

Introduction. This t-ection of the report ic structured to describe the 
site activity which perforned the detailed mechanical design and construction 
Of the cabinets to accomnodate the new major asr^mblies and their supporting 
equipment in addition to a development program for the wide band sweeper and 
an extensive set of measurements designed to optimize transmitter performance 
and convert it to Uo usec operation. 

3.1 System, Hardv/are Confif^uration. 

3.1.1 Processing Systems Block Diagrams. Figures 3.1 and 3.2 show the 
high and low frequency si ,nal processing system. Figure 3.1 is the Wideband 
Front End (located in Unit 77 on the Antenna). 

The 3350 l>iHz signal returns in vertical and horizontal (V&H) are Fupplied 
to this unit from the duplexer assemblies. The wide band ramp from Unit 7^ 
is inserted at the correct time by the range tracker and synchronizer and 
beats down the target returns to the first IF of 950 MHz. 

Test targets at 3350 IHz and 950 KHz can also be inserted by using 
switches SV/l and SW3 and Al, A5, respectively. SW2 and SWU allow a 32db 
attenuator to be inserted for large targets. The 950 MHz first-IF signals 
are mixed with a nominal 905 MHz oscillator which is frequency shifted to 
remove the doppler shift on the returns. 

Th'.s results in a 2.5 MHz Bandwidth IF at '45 MHz that is cabled from 
the r-aestal to the low level signal processing system located at ground 
? ^el. 

This block diagram is shown in Figure 3.2. The pulse compression net- 
work is used both for transmission and reception. During transmit the unit 
is impulsed and uses the site 5 MHz reference to generate a ^5 MHz pulse 
with a 2.5 MHz bandwidth using conventional gating to produce a Sin x/x 
function and a dispersive delay line to produce the swept pulse. This output 
is gated and used to drive the transmitter exciter. 

To provide both V&H signals and economize in delay lines, these functions 
are time multiplexed by the use of fixed delay lines (80 and 130 usecs) in 
each receiver line. This causes the horizontal to be processed into the input 
port J3 50 usec later than the vertical receiver signal. 

Following compression within the PC network the targrt data is outputted 
from Jk;  meanwhile a swept transmit-type waveform has been obtained from J8, 
gated, delayed and mixed to provide a deramping signal. This is mixed with 
the compressed pulse in mixer 23AUA6 and the time-multiplexed 20 MHz com- 
pressed target data supplied to 23A5 for subsequent processing through the 
transversal equalizer and recording in the DHE equipment. 
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3.1.2 System Modes. The system has several modes of operation. These 
can be segrecated into two main aress, acqusition and test. 

3.1.2.1 Acquisition Modes. Figure 3.3 shows the various system modes. 
ACQ 1 is the basic acquisition with system unlocked and the antenna pointed 
by the computer. ACQ 2 is a standard angle-and-range track with no chirp 
transmission. 

By selecting the display function every eighth p\ilse will receive 
narrow band chirp using the pulse compression network. This allows a 
"look-ahead" to determine if the range error is small enough to capture 
the target in 2.5 MHz chirp. When the 2.5 MHz mode is enabled the system 
interlaces one pulse CW for angle tracking and one pulse 2.5 MHz for ranpe 
tracking. When the look ahead display is enabled in this mode every eighth 
pulse ic chirped to 5 MHz. A variable range bias can be preset to correct 
for timing and transition errors and afford a high probability of acquisition 
as the compression is increased from 2.5 to 5 MHz. 

This process continues through 50 and 500 MHz until the system is 
interleaving CW and 500 MHz chirp bandwidth. The effective range resolution 
obtained is also shown in Figure 3.3 for each compression bandwidth. 

3.1.2.2 Test Mode. The test mode was extensively developed during 
this program to provide a rapid checkout and systems calibration facility 
using the PDP1 computer. This system would also be applicable to any other 
suitable computer system such ao a Sigma 5. 

Figure 3.U is included for reference ^urposes and shows the effective 
range weighting for each range bit that can be entered for test purposes 
using the range test facility on Cabinet 30, located downstairs. 

Figure 3.5 shows the control word formats from the PDP1 that enable 
the various commands listed to be performed either manually or under program 
control. These tests were assembled in a logical pattern to exercise the 
system under program control end are shown in Figure 3.6. Where these called 
for a repeated set of what were virtually subroutines, these are identified 
as Sequence A Closed-Loop Tests as  described in Figure 3.7. 

3.1.3 Hardware Assemblies. Most of the hardware rearrangement was 
concentrated in four cabinets, two downstairs (33 and 31) and two mounted 
on the antenna (77 in the PA/receiver room and 7^ in the new room). 

The only significant item not shown is the Synchronizei- which is located 
in cabinet 30. 

Figures 3.8 through 3.11 illustrate the equipment locations in the 
various racks. 
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BIT MICROSECONDS FEET KILOMETERS 

0 
1 
2 

0.000390625 
O.OOO70125 
0.001562 

.19^ 

.388 

.776 

0.00005 
0.000103 
0.000236 

3 
k 
5 

0.003125 
0.00625 
0.0125 

1.55? 
3.10» 
6.208 

0.0001+73 
0.00091+61 
0.0018922 

6 
7 
0 

0.025 
0.05 
0.1 

12.1+16 
21+.832 
1+9.661+ 

O.OO3701+1+ 
0.0075688 
0.0151376 

9 
10 
11 

0.2 
o.k 
0.8 

99.328 
198.656 
397.312 

0.0302752 
0.0605503 
0.121101 

12 
13 
Ih 

1.6 
3.2 
e.k 

79^.621+ 
1589.21+8 
3178.1+96 

0.21+2201 
0.1+81+1+03 
O.968806 

15 
16 
17 

12.8 
25.6 
51.2 

6356.992 
12713.90!+ 
25I+27.968 

1.937611 
3.875222 
7.750l+lt5 

18 
19 
20 

102,k 
20»+.8 
1+09.6 

50855.936 
101711.872 
2031+23.71^ 

15.500889 
31.00178 
62.00356 

21 
22 
23 

819.2 
1638.2 
3276.1+ 

1+0681+7.1+88 
813795.976 

1627591.952 

121+. 00711 
21+8.0H501 
1+96.09003 

2k 6552.8 3255183.90!+ 992.18005 

Figure 3.1+     Bit Values for the 5K Register 
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TEST 

1. 

2. 

3. 

h. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

1U. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

2k. 

Address System Test "ON". 

Address Noise Source "ON". 

Address Wavecuide Switch CMD "ON". 

Address Noise Test CMD "ON". 

Set AGO Controls to "AUTO". 

Start D.H.E. 

Run Sequence "Al". 

Address Noise Test CMD "OFF". 

Addrisa Noise Source "OFF". 

Address U5 MHz Test CMD "ON". 

Run Sequence Al - All. 

Address k5  MHz Test CMD "OFF". 

Address 950 MHz Test CMD "ON". 

Run Sequence Al-All. 

Address 950 MHz Test CMD "OFF". 

Address 3.35 GHz Test CMD "ON". 

Run Sequence Al-All. 

Address +32 db VERT "ON". 

Address +32 db HORIZ "ON". 

Run Sequence A-l. 

Address +32 db VERT "OFF". 

Address +32 db HORIZ "OFF". 

Run Sequence A-l. 

Address Waveguide CORR CMD "OFF". 

Figure 3.6  Test Sequence 
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TEST  - (Continued) 

25. Run Sequence Al-All. 

26. Address Waveguide CORR CMD "OFF". 

27. Stop DIE. 

28. Sec AGC to MAN (MAX ATTN). 

29. Start DHE. 

30. Repeat Steps 12 - 26, 

31. Address System Test "OFF". 

32. Reset FREQUENCY. 

33. Reset ATTENUATION. 

TEST COMPLETE. 

Fißure 3.6  Test Sequence (continued) 
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1. Set ATTENUATION 
SWEEP FREQUENCY 

2. Set ATTENUATION 
from 26.22k  MHz 

3. Set ATTENUATION 
from 23.776 KHz 

k.        Set ATTENUATION 
from 26.22h  MHz 

5. Set ATTENUATION 
from 23.776 MHz 

6. Set ATTENUATION 
from 26.22,4 MHz 

7. Set ATTENUATION 
from 23.776 MHz 

8. Set ATTENUATION 
from 26.22k  MHz 

9. Set ATTEI^JATION 
from 23.776 MHz 

10. Set ATTENUATION 
from 26.22k  MHz 

11. Set ATTENUATION 
from 23.776 MHz 

to "0" db, and FREQUENCY to 23.776 MHz and 
in 36 KHz steps from 23.776 MHz to 26.22U MHz. 

to "6" db and SWEEP FREQUENCY in 36 KHz steps 
to 23.776 MHz. 

to "12" db and SWEEP FREQUENCY in 36 KHz steps 
to 26.22U MHz. 

to "18" db and SWEEP FREQUENCY in 36 KHz steps 
to 23.776 MHz. 

to 2k  db and SWEEP FREQUENCY in 36 KHz steps 
to 26.22k  MHz. 

to 30 db and SWEEP FREQUENCY in 36 KHz steps 
to 23.776 MHz. 

to 36 db and STEP FREQUENCY in 36 KHz steps 
to 26.22U MHz. 

to k2  db and STEP FREQUENCY in 36 KHz steps 
to 23.776 MHz. 

to U8 db and STEP FREQUENCY in 36 KHz steps 
to 26.22U MHz. 

to 5'+ db and STEP FREQUENCY in 36 KHz steps 
to 23.776 MHz. 

to 60 db and STEP FREQUENCY in 36 KHz steps 
to 26.22k  MHz. 

Figure 3.7 Sequence "A" - Closed Loop Test 
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VERTICAL AND HORIZONTAL 

AGO Al 

- 

TIME MULTIPI£XER 

A2 

PUI£E COMPRESSION NETWORK 

A3 

DERAMP AND OUTPUT 
AU 

TRANSVERSAL EQUALIZER 

A5 

• 
AMPLITUDE AND PHASE 

A6 

BLANK 
A7 

BLOWER 
A8 

Figur e 3.8  Wideband Compression Cabinet 

30 

- Unit 23 

^y-M_il_„    ^Ä_ — - .      - . „ ■[■ai^iifM 



RECEIVER AND SIMULATOR 

CONTROL PANEL Al 

U5 MHz SIMULATOR 
A2 

FREQUENCY SYNTHESIZER 

A3 

FREQUENCY COHO 
AU 

INTERCOM 
A5 

BLANK 
A6 

-30V +5 -15 +15 
A7 

+30V  P.S. 
A8 

BLOWER 

A9 

Figure 3.9  Unit 31 Layout 
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BLANK 

Al 

RF UPCONVERTEK 

+ 0 LOCK OSC 
A2 

FMüO 

A3 

SAMPLE AND HOLD 

+ RAMP GENERATOR Ak 

BLANK 

A5 

POWER SUPPLY 

A6 

POWER SUPPLY A7 

BLOWER 

A8 

WAVEGUIDE DISPERSION ASSY. 

A1A 

Figure 3.10  Exciter Cabinet - Unit Jk 
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NOISE AND 3.35 GHz 

TEST SWITCHING Al 

VERTICAL & HORIZONTAL 

WIDEBAND RECEIVER 
A2 

BLANK 
A3 

BLANK 

AU 

VERTICAL & HORIZONTAL 

WIDEBAND I.F. 
A5 

I.F. COHO 
A6 

NARROW BAND RECEIVER 

A7 

POWER SUPPLY 
A8 

POWER SUPPLIES 
A9 

BLOWER 

AlO 

HOR. & VERT.  TEST/AGC SW. 

Figure 3.11       Unit 77 Layout 
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3.2 Wideband Sweeper. 

3.2,1 RF Subsystem. 

General Description. A block diagram of the wideband sweeper subsystem 
as finally implemented appears in Figure 3.12. The VCO is driven by the 
voltage ramp generator which generates a linear sawtooth and sums it with 
a sampled parsive correction signal to provide an ultra-linear frequency/ 
voltage charaoteristic out of the voltage controlled oscillator. 

During the time the VCO is not sweeping, a phase-lock error signal, 
derived by comparing the VCO output with a 2,U GHz reference signal, is 
fed to the voltage ramp generator for processing and scaling before being 
applied to the VCO varactor terminals. 

Monitoring means are provided for determining that the VCO is locked 
in phase, time-sidelobe performance, and the presence of the 2,1+ GHz 
reference signal. 

The wideband sweeper is capable of producing waveforms of three 
different bandwidths, namely 5 MHz, 50 MHz, and 500 MHz as well as CW 
operation for acquisition. 

Phase Lock Mode, The driving signal for the VCO in the non-sweeping 
or phase-lock mode is derived as follows: A sample of the VCO output is 
taken thru a 10 db directional coupler and fed to the "R" port of a Watkins- 
Johnson double-balanced mixer operated as a phase detector. Likewise, a 
sample of the 2,U GHz is fed thru a SPST solid-state high speed switch to 
the "L" port of the same mixer. The output of the mixer at Port "X" is 
proportional to the cosine of the angle between the two signals, thus: 

Vout = A x B COS 0 

Where A and B tire the two input signals whose amplitude is held constant 
by driving the mixer to the point of saturation, find 0 is the phase angle 
between A and B, 

Sufficient attenuation is added to the path between the phase detector 
output and the ramp generator input to provide the correct gain constant 
for a stable loop operation, and to provide an isolated path for monitoring 
purposes. 

Just prior to the initiation of the sweep mode, the SPST switch is 
opened up, allowing the VCO to be driven to the high end of the band at 
the application of the sawtooth. 

Sweeping or Chirp Mode, In the test facility radar the transmitted 
signal in the data mode is a down-chirped FM waveform of three possible 
bandwidths, 5 MHz, 50MHz or 500 MHz, each kO microseconds in duration. 
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In order to optimize the linear output of the sweeper, the varactor is 
driven by a greate? voltaße swine than is utilized, namely U2 microseconds, 
Stoutput beinc subsequently Gated further in the system by a UO micro- 
second gate in the upconverters and dovmconverters. 

As can be seen from FiRure 2.7 the frequency/voltage characteristic 
of the voltage oscillator deviates from a perfectly straight line by less 
Son 1*  However, this is not sufficiently linear to produce time side- 
2£i to tl77ohO  db area, particularly when the target of interest is 
displaced from the center of the range window. 

Thus it is necessary to improve the linearity even further than that 
achieved by passive computerized linearization techniques presently 

available. 

This is accomplished in the RADC SOI Test Facility sweeper by summing a 
series of 50 voltage steps, each 800 nanoseconds wide, and adjusted in level 
so as to compensate for VCO nonlinearity at a particular point in time. 

The stepped curve in Figure 2.7 labeled "Passive SloPl.Correcti°"" ^ 
the calculate? correction derived from the actual yoltage/frenuency charac- 
teristic of the VCO. The photographs in Figure 3.13 show the actual 50 
voUaSs^eps applied to the VCO in open-loop fashion along with the summed 
outpS of the voltage ramp generator. The rather close ^relation of the 
commuted correction with the actual correction inserted onto the VCO can be 
seen by comparison of these two pieces of data. 

The net result was an achievement of 25 db time sidelobes of the trans- 
mitted waveform v,hen observed as noted on the block diagram ^e ^P6^ 
Photorraphs of two waveforms are shown in Figure 3.14. The top one 18 

the specS^l response of the weighted output of a gated reference oscillator 
I^ed to tS samffrequency as that obtained by compering the chirp waveform 
with a replica of itself delayed by 62 nanoseconds. 

The weighting function was a cosine-on-a-pedestal and is shown in the 
lower photograph. This function is far from ideal due to hardware limita- 
tions imposed by budgetary considerations. Thus even the relatively pure 
output of the gated reference oscillator has sidelobes about 27 db down, 
whereas the beat frequency, fb, from the sweeper shows worst-case sidelobes 
about 25 db down, without the normal taper characteristics associated with 

the far out sidelobes. 

3 2 2 System Accuracy Requirements.  Before further discussion on the 
sweeper is continued, it is deemed pertinent at this point to discuss some 
of the accuracy requirements for the wideband sweep generator used at the 

test facility. 

The useful functioning of the test facility wideband signal processing 
approach relies on two fundamental facts: l) interest is limited to targets 
appearing in a 100 foot (30 meter) range window, and 2) the target of 
interest is in precision range track. 







The 100-foot range window ia divided into 100 range cella e^h r««....^ 

(500 MHz = 2 nanoseconds). The corresponding spectral width is the recipro- 
cal of the uncompressed pulse (  ^ 

5 usec = 25 KHz). Thus each range cell 

represents a frequency increment of 25 KHz. 

At echo-receive time (as predicted by a precision ranre tracked fch. 

^h. t^ain.+
tria:ered' Pr0dUCinc a ^rence or correlSfonr^ Identical 

n^e^.XnCy eX<:UrSl0n 0f l1-25 KHZ- n,1S iS «*«« " "ave?ori B ™ 

s^n o? the^^r^ 0Lth! Eiena:L at the ^-elation mixer out^!5 The 
sign of the 1.25 MHz offset is dependent on the direction of the ringe offset. 

into S^rASnT^^ ^ r^ 

«f tJ* Sh0u^e noted that although the bandwidth of any one target si™«.! 
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Now then, in view of the above, let us consider the accuracy with which 
oTllZlZ/r8 T'V6 reProduced-    Fi^ 3.17 illustrates a ty^cal ca^e 
nilff      ^ar6et retUrn ^ 0ne 0f the ranGe cells-    »» «- wideband mode of 
SUfSfl«. J! ^^ traCker 0Perates *" the centroid mode;  that is, the 
S the tJcet     range Gate iS niaintained on the electrical center of gravity 

^ ^f !Üe frequ!ncy of a successive ramp differs from the previous by 
Tn fSZ    ^ Sl^^üP JU:np ^^ ^ ^J^6^ range cell;  hence the energy 
in the ceU vhere the range gate is centered will be very low, resulting 
in a range Jitter and eventual loss of track.    A reasonable tolerance on 
frequency repeatability would be about a third of a range cell or +8 KHz. 

looking at the problem from another viewpoint, that is, the timing of 
the generation of successively ramped pulses.    What is critical here is the 
time between the impulse trigger and the time when the useful sweep occurs. 

As seen in the earlier discussion Figure 3.16 shows the effect of 
return echoei. occurring at +2 nanoseconds and -2 nanoseconds with respect 
to a correctly centered ramp.    At RF,  the two nanoseconds represents one range 
cell, and any deviation in timing will again result in a ranee jitter.    The 

£if S2 +T
Clfied^the ^ SWeGper is i0'39 nanoseconds, ^hich is some- what less than one-fifth of a range cell. 

This may seem unnecessarily stringent in view of the one-third ranpe 
cell constraint on frequency.    However, in this case, the tolerance on the 
generation of the impulse itself is +0.2 nanoseconds.    Thus the composite 
peak to peak time jitter is +.59 nanoseconds, which is close to one-third 
of a range cell.    This,  in addition to the frequency tolerance of one-third 
range cell places a burden on the range tracker presently employed. 

The above calculations were made considering peak-to-peak jitter;  the 
RMS jitter would be stated as: 

Jitter(RMS)    =      V (0-39)2 +  ^•2)2 + ^6U)2 = 0-78 nsec RMS 

The RMS jitter then extends co slightly more than one-third of a range cell 
and emphasizes the need for taking extra precautions in eliminating all 
sources of instability.    Thus, the entire sweeper, power supplies, logic 
boards, etc. are mounted in an EMI-proof enclosure with filtered connectors, 
and the impulse signal is fed to the  "upstairs" electronics by way of a 
double-shielded, twin-lead cable. 

Phase Jitter is measured as shown in Figure 3,18, 
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Figure 3.17  Frequency Stability Effects 
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Figure 3.18      Phase Jitter Measurement 
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Returning to the Block Diagram of the Wideband Waveform Generator, 
Figure 3.12, it can be seen that a sample of the VCO output is taken by 
means of a four-vay power divider and fed to a three db hybrid. One leg 
of the hybrid is connected directly to the "L" front of a Watkins-Johnson 
Model KB mixer, while the other output of the hybrid is connected thru a 
62 nanosecond delay line to the "R" front of the mixer. The output at the 
"X" Port of the aixer represents a beat frequency between the two ramps as 
follows: 

fb »^ • 7- (i) 

where BW is the 500 MHz swept bandwidth of the system; T is the pulse 
width, kO  microseconds; and > is the time delay presented by the delay line. 

The output frequency, then, is 

_    500 x 106   r     o fb =  7 x 6l x 10 ^ 
kO  x 10-6 

= 762.5 KHz 

A photograph of the pated output of the f^ mixer prior to limiting is shown 
in Figure 3.19. 

Coarse adjustment of the 50 voltage steps (sample-and-hold outputs) is 
accomplished by comparing this waveform with the output of the gated refer- 
ence oscillator (tuned to 762.5 KHz) on an oscilloscope. The two waveforms 
are aligned so that the peaks are coincident at the start of the pulse, then 
each sample and hold element is adjusted until the f^ waveform is in exact 
coincidence with the gated oscillator output at every point in time along 
the pulse length. 

The sample and hold adjustments can be made to an accuracy of +0.1 cycles 
or +36 degrees. This, of course, is inadequate as it would produce sidelobes 
near 10 db. Hence, a fine tuning alignment is accomplished by phase detecting 
the gated reference oscillator output and the beat frequency, fb, resulting 
in a phase ripple of about two to three degrees, representing sidelobes 
in the order of 32 db. Figure 3.20 shows the VCO correction. 

A delay line of 6l nanoseconds was used in this interim sweeper out of 
expediency. Had the program allowed the design of a true closed loop system, 
a longer delay would have been used based on  the relationship developed by 
A. G. Cressanthis of RCA, Moorestown in the following fashion: 

The phase function for a linear FM ramp with initial frequency 

fo=^o./?msi 

B .2 0(t) = 7r^ t2  +6;0t d) 
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The phase difference between the ramp and the ramp delayed by T is; 

^Itr-  |r ^o?- (3) 

0(nfl)^- 0 (DV-irl (Nfl) V +^o ^^"^ 

-TT- N 2-3 .U)   N v 
T   r   o  r 

(5) 

^(Nfl)'}'- 0(N)^Sr A0 = 27rN|>'    +7T|^   +H (6) 

In order that the phase of the irixer output have a fixed relation to 
the phase of the reference for all sampling times, and to be consistent 
with the steady state operation of the loop with essentially zero error 
samples from the sampler, the following expression must be satisfied: 

a 0=2*h (7) 

U7 

d0       3 
if we define ^b s —^ = 27r^ ?- 

dt 

then fb = kk_ - 1 v 
27r  T r 

ft. is \he beat frequency out of the mixer and the pulsed oscillator 
frequency, 

fr is selected to equal f^. 

Now consider the phase of the mixer output signal at the sampling 
times Ny; N=0, 1, 2, 3 - - - . This is simply the difference in phase 
between the delayed and undelayed ramp or the change in the ramp phase at 
times t = nY and t = (N4-l)y. 

Using (1) 

»MM 



r-r: 

Now from (6) and (7) 

27rn = 27rN | ^ +7r| >  + ^ V 

(8) 

or n« N|'V
2
+ 1/2 |r2 + f0 >- 

B 2 
For (8) to be true for all values of N, ^y   must be an integer. 

If we consider the special case 

where | y2 = 1 (9) 

«*_. /v^  I  ^o x io"6  a     -lU 
then V = J- =  ^ = 8.00 x 10 

500 x 106 

'V = 283 x 10"9 = 283 nanoseconds (10) 

for the test facility parameters. 

If the conditions in (8) are met, where n + N are integers, then the 
output ramp can only follow a family of ramps separated in frequency by l/f 
and matching the phase function in (l) at least at times nf. 

The beat frequency resulting from the use of this delay line would be 

f       B   ^    500 x 106      „Q„      , ^Q fb ■ f T= z-      283 x 10 y   =    3.5I1 MHz 
UO x 106 

The advantage of this scheme of selection of the delay line is that 
ramp-to-ramp repeatability of the desired phase function is obtained despite 
noise on,or lack of perfect repeatability of,the drive waveform. 

Figure 3.19b shows the result of applying the weighting function to 
either the gated reference oscillator output, or f.   as the case may be. 

Preadjustment of the weighting filter is done by connecting the gated 
reference oscillator output into the weighting filter mixer and adjusting 
the level of modulating signal and DC pedestal simultaneously until the 
pedestal is 0.08 times the amplitude of the peak RF signal.    This results 
in a modified Hamming weighting function. 

Included in the Wideband Waveform Generator configuration are several 
monitors to assist in assessing performance as well as aiding the alignment 
of the unit. 
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The Phase Lock Monitor taps off a portion of the error signal in 
the phase lock loop for observation on the oscilloscope. A typical 
presentation appears below: 

(K- 

U2 USEC 

vwwwmwkt 

PERIOD WHEN 2.U GHz 
IS GATED "OFF" AND 
VCO IS SWEEPING 

LOCK-IN 
TIME END 
OF SWEEP 
TO 0-LOCK 

2.1+ GHz GATED "ON" 

SWEEPER PHASE 
LOCKED TO 
REFERENCE 

From the above sketch it can be noted that the VCO phase-lock 
loop has completely settled out after 20 usec and remains in tight 
phase lock until the error sißnal is removed and the voltage ramp 
is applied, causing the VCO to "downchirp" on command. This period 
could be reduced further by additional clamping of the sweep output 
period but the 20 usec period compares favorably with the TR recovery 

time. 
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to I*?!-!?? iTSeS Very s*rijl€ent requirements on the sweep generator due 
to its small voltage ra^e (approximately 5 volts for 500 MHz swentf inw 
input impedance    50 Jl) and sweep repeatabilitv      ^\MÜ^^

V
 ^ 

start time must be rigorous^ 2£SSÄ eSorls^^p^ceTL 

^ +? S! quJescent sta€e. the gate 1 input is normally = 1, SW1 is enabled and the phase locked loop is operating. ^^ enaoied, 

«nj Ur?fiLSUPPli^ the PhaSe detector inPut to the integrator L>.    Switch 
S^e ico «1"?™^ 0P!lCnd the to*^«*« i* operating.    Whill obs^v^ng 
tro! tlTf rUIn/0r ^ SpeCtral Purity' Potentiometer VRl4 is used to con- 
trol the integrator gain and the recovery time of the loon at the end nf +L 

amplifier I3 which supplies unity voltage gain and linear nower amnn fiTo^T«« 
necessary to drive the 50^  input impedance of the VCo!   DS D^ross tie 
output limits any positive excursion which could damage the VCO      S ?he event 
Sd +£T+

l0CVS Ü* ^lla^e initial turn on tTloop wiU not be Lkef 

rap^to^sS8- r o~ ^-^2^ ^^s Mr rapidly to positive saturation. Diode D, conducts and Wk  operates  The 

reiL   ^^ reSet the inteerator 12 ind after the 2 sec^ ^ 

tr^^tf8;.   SyStr Wil1 n0W l0Ck UP and remain Phase locked until the transmitter or receiver sweeps occur. """J-J. wie 

50 

J 



H 
Cvj 

on 

51 



The  VCO center frequency can be initiaUy set to 2.U GHz by VR1 but 
normal^ is set slightly below that to ensure phase lock capture as the 
Integrator runs up prior to lock. 

.1. i?8ßJ"e BV±tCYt 1 l8 available to force a reset with SW k,  however, it 
should not normally be required except to confirm that the lit» can be 
locked without the integrator. 

The sweep is generated by integrator Ii and requires a ramp that starts 

SlSTSr^ ^•8V ,nd rUnS UP t0 -9 - Sh0Wn S Figured! Ihe ^itial VCO drop from center frequency is generated when gate 1 drops to 0. 
rhxs drop causes SW 1 to open. I, receives a sma]l positive voltage at 
the non inverting input which is inverted by the output stage I, and causes 
2S m ?   0 ^ and the VC0 ^W™*  to go to the high end h.k GHz f 
250 mz)  prior to sweep generation. VR 2 allows the high frequency to be 
set to provide a 250 MHz deviation from center freauency. The phase lock 
is broken at the input tc I2 by SW 1 and the integrator stores the VCO 
voltage for rapid reacquisition at the end of the sweep period. Switch 1 
opens releasing the clamp across the integrating capacitor Ci. The 
integrator is  now coastirg since no input has been applied to the +5V 

Sumc^V^T6 ^^ wf22 1-6 USec ***'  the plication of gate 1 
t™  ! x tlne t0 ^^ the FET switch sw 1 to operate) the precision rate 
ÖJBO gate) from the HI Speed Synchronizer is applied to the gate 2 innuf 
This switches the internal reference +5 volts through a CD U007A 006/N06 ' 
ampxifier used as a precision fast rise time switch. The integrator now 

io.v ^L:^  end 0f the sweep period gates 1 and 2 terminate and the phasr, 
lock loop reacquires the VCO and returns it to 2.1» GHz in approximated 
£-\J  US6CS« 

BM (T  f^tjonol analog input ports are provided on the sweeper. The 
o&H (sample and hold) is provided by a digital shift register technique 
A56 stage shift register selects one of 50 sample and hold circuUswSlch 
have been preset to a voltage between 0 and +2. By choosing the correct clock 
frequency a new level can be selected for each 800 nsec across the £ usec 
TSZLA  f+T 

COrrf?ta» justed this predistortion function is used to 
Jo ^v^L   s^l "rors in the VCO output across the pulse. VR6 is used 
to provide an overall gain setting for the BM level to I5. Since the BW 
signals are A derived they are unipolar and can only provide a ^requencv 
sion1^^ d'Tect'0n'    ,/R9 and SW1 are used to provide a smSTdepres- 
MTUJ^    ^^t  dUrinS the SWeep ^ri0d'    «- sweeP 0/P with Sample and Holds added is shown in Figure 3.23. ^ 

of «nS8,^1- USed t0 ^^ SWeep Generation and allow a measurement 
of the S&H levels across the pulse during initial alignment. The final 
Unfit       ^Se COntro^ is made by a frequency comparison technique and counting cycles across the pulse. 
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An additional port for a linearity correction signal is availahi^ *«. 
dynamic correction across the pulse but was not used S^ce goS si^lobe 

S'sibT" W" f^111^ 5 USe 0f the ** '^ ^ne.    Ho^er    f 
to^^X*"™** *** be t0 ClOSe the ^-ity loop ^ utilize 

ßenerSe
Qf ^H

0
^

1
^^

0
 ^"H??0*- describe<i «l>ove the sweeper must 

sweep, to naintain a conr.tont center frequency for the sweep      T^O;HC 

^iZVl0::^-^ 10 0 ^ P -J^^« «• open.    See Se St amplifier I3 has unity Galn.    fihttl the 50 Wz sweep is required the SOIlL 

irtie1^^^ rof the ^ —- - ^4hVtoe^ 
amnimef T1^' ^J- f ^^ by thiS level "^ dis^l« the S&H amplxfaer I5 (since this input is not required during the acquisition period) 

When the 5 MHz is required both the 5 wid 50 MHz input are set to 1 
attlnu^tin C^lc%^' ****>*  -d providinc a hSed^o 1 vol^e 
attenuation. Tue additional contacts SWi+(l) across the ontr^nt «J +^ i L 
network is used to attenuate the transient th^ta^s at ?h sloint JSS 
SL^J^, 0f C^ , ^ trQnsient « unattenuaSd increases t^reco^^ tune of the phase lock loop to an undesirable 100 usec. recovery 

chas^^tXn^r^/011^6 reculators »7 ^18) ^re included on this chas.io to provide the necessary reference supplies that are free of load 
induced transients or noise pick up proLlen^. It will belted wi?h thf 
exception of the +5V to Tog SW1 all supplies are used to supply reference 
network voltages under virtual^ constant current condition^! For the cLe 
of the switc)! supply to SHI this is on^ used to force a res^ o? phaL ^k 
integrator I2  during initial alignment of the unit. 

o-mJ;2,1VF^at i:ijniker- The F Beat Limlter is required to provide an 
rlvlZ d\^ fUnCti0n at Wo*^**y 1 MHz wi?h signals as low M 
5 mV p to p rmd over at least a 30 db rwige. In addition the output Lst 
be symmetrical about 0 under all signal level conditions and capaSe of 

pulse, of RF at a HL of 70/sec in a quasi pulse pair operation. 

While the requirements seem almost mundane the ability to produce a 
syrmetrical output about 0 with a very low mark to space ratio proved to 

of cou^l    0 ^f^- J)Ue t0 ChCiTC^  proble-s SSl the pJlse the use of coupling capacitors was found to be unacceptable. 

As a result of these problems the system shown in Figure 3.24 was 
developed to meet the lijniter requirement. :>.^ was 

m  ^f lir'itinG function is performed by comparators Ii and lo. Diodes 
Dl and D2 are u^ed to provide a few millivolts of offset voltage for e2h 
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comparator. The common input is very close to ground. The output from 
1^  is equal to +3 volts while, due to the negative bias on I2, the output 
from I2 if at -.5 volts. 

The output from the comparators is summed in the U.7K output resistors 
and will normally be at +1.7 volts. As these input to the common input 
pin 3, moves cyclicly through the comparator area of input sensitivity, 
the output of each comparator will switch in turn, i.e., both comparators 
will either be on or off resultinc in a square wave output that will vary 
between +3 and -.5 volts centered at +1.7 with no signal. 

The 1.7 volt fixed bias is removed with the silicon diode ^3. The 
output transiolor T^ is an emitter follower to provide the output power. 

Amplifier I3 is a X100 wideband amplifier to boost the low level signals 
prior to limiting. It is provided with a zero setting control to provide 
a true 0 at the common input of Ii and I2. 

The performance curve Figure 3.25 was recorded under pulse drive 
conditions and shows the wide range and low level (approximately 5 mV) 
which can be applied to obtain the desired limlter characteristic. 

3.3 Floyd Site Transmitter Upgrade 

3.3.1 Introduction and Summary. This section of the report will cover 
the work performed in up-radin^ the performance, safety and operation of 
the SPTF Transmitter. Key pieces of data are presented and analyzed which 
demonstrate the best manner to operate the transmitter for the optimum 
phase and amplitude performance and at the same time identiiy the limitations 
imposed on the system by the transmitter with respect to time sidelobe 
performance. 

Initial effort on the transmitter was devoted to accumulating data 
on the "as is" performance of the equipment, stage by stage, and also 
incorporating a number of safety provisions to facilitate the measure- 
ment program. The initial effort has been documented in an interim report 
(FO:: 12) which is included in the appendix. A few key conclusions of the 
report are: 

1. The bandpass characteristics of the transmitter were narrower 
then expected and contained greater than 3 db amplitude ripples 
and +50 degree phase ripple. 

2. The Driver stage had insufficient output power across the band 
for good saturated operation of the final stage, 

3. Refinements in phase measurement techniques were required although 
this would not change the gross conclusions reached. 
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Based on these early results, a procram was set up to refine the meas- 
urement techniques and accumulate fine ZTa.in phase and amplitude character- 
istics of the transmitter with the emphasis on determining and implementing 
changes in operation and in the equipment to realize improvea performance. 

The key results and detail conclusions of thi.- program are contained 
in the following section. In summary, the data showefl that the amplitude 
and phase performance is ■ignlfieantly improved by operating the Final 
Power Amplifier (FPA) at its full peak current rating and likewise setting 
the Focus Coil current ar. high as possible consistent with stable body 
current. On the order of ?:1 improvement in phase and amplitude performance 
was realizable by these changes. By themselves, these changes are insufficient 
to classify the transmitter performance as being good enough to support 3') 
to ho  db time sidelobes. 

An effort was devoted to obtaining additional improvement 
in phase performance by utilizing the built-in "open" and "closed" loop 
phase compensation equipment. The open loop system was partially successful 
in that the phase ripple amplitudes could be reduced to a few degrees or 
to the minimum limits of the measurement set up.  Its usefulness is, however, 
limited in practice by the criticality of the system control and stability 
which necessitates the need for continual control. This limitation was 
overcome by the closed loop phase control system. V.'ith the loop closed, 
phase ripple way reduced to the order of +10 degrees. Bandwidth stability 
limitations in the feedback loop prevented greater improvement. In general, 
more time and redesign effort is needed in this area tc realize its full 
potential, but sufficient effort was expended to appreciate its usefulness 
as a phase correction technique. 

The following section also presents performance data on the conversion 
of the transmitber from a 20  us, 250 KHz chirp system to a Uo us, 500 l-Mz 
chirp system. 

Other significant tasks fccomplished during the upgrade program were: 

1. Inclusion of an SF-6 rcrubber in the waveguide system with 
provisions to maintain the system under positive pressure 
during system off time. 

2. Inclusion of a fault sensing system to provide fault isolation 
capability for collector current, body current, RF arc, and 
high VSWR faults. 

3. Reconditioning most of the  waveguide system to handle the 
significantly higher (20 - 2h KW) average powers achieved. 

3.3.2 Performance Analysis. 

3.3.2.1 Phase versus Frequency. Figures 3.26, 3.2? and 3.28 are slow 
frequency sweep graph data for the entire transmitter. 
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Figure 3.32 shows the change in amplitude response as the peak operating 
current is increased. While power output increased as expected, the flatness 
of response did not, which is not readily explainable and inconsistent wi-ch 
all othe: data. 

3.3.3 Wide Pulse Width 500 MHz Chirp Performance. 

Driver Sta^e. Figure 3.33 shows a before/after scope photo of the 
Driver bean current pulse and detected rf pulse. The top photo is the result 
of only widening the gate to the  driver modulator from the initial 20 AIS to 
1+0 ns.      For the 20 fis  pulse width the initial level of the pulse held up 
adequately but lack of drive in low level modulator circuitry resulted in 
a -poor  pulse when expanding it to the 'lO ^is.  Changes in low level solid 
state circuitry resulted in the much improved performance of the bottom 
photo. 

FPA Modulator State. Photos 1 through k  of Figure 3.3I1 are of the 
"widened" FPA cathode current pulse shovjing the results of different PFII 
coil tapping arrangements. All arrangements use 21 capacitors. 
Arrangement *+ is considered adequate for the requirement. 

Vertical Scale:    50 amperes/division 

Horizontal Scale:  10 microseconds/division 

Photo 1 Arrangement: 
(Figure 3.3*0 *i  ~6 I f^ „L, - /42 

3 *> '*. ' 
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Photo 2 Arrangement; 
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Photo 3 ArranGement: 
(Ficure 3.3^) ,£/>/**        ' 
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Photo U Arranceraent; 
(Ficure 3.3,0 r/i.M r nr?* 
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Transmitter Chirp Performance.  Photos 5 through 8 of Figure 3.35 
depict the rf chirp performance of the transmitter. It should be noted 
that frequency sv.'eep is high to low frequency vhich is opposite from the 
slow frequency tests. 

Photo 5 is the detected rf FPA output pulse before equipment improve- 
ments; i.e., 2S0 MHz chirp 20 usec pulse. Horizontal scale is 5 us/division. 

Photos 6 through 8 are of the detected RF FPA Output pulse after equip- 
ment improvement and the pulse width widened and the frequency band increased 
to nominally 500 MHz chirp, UO usec pulse width. 

Operating parameters for these photos are: 

IPK: ll+7 amps 

^AV: .1+96 ajnp 

•^ODY: 8.5 ma 

PAV: 12.5 kw (meter) 

%: 16 kv 

^DC: 5.0 amps 
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Horiz. Scale: 5 us/div 0 S hi) 

Vert RF Det. Scale: .2 V/div 

Vert Peak Amp Scale: 50 A/div 

fl: 3350 MHz 

V 3350 MHz 

'h* 3590 MHz 

Photo 6 is the detected rf output for the above operating conditions. 
Improvements in flatness can be noted over Photo 5, Improvement in amplitude 
can also be seen by comparing main pulse to amplitude of "rabbit ears" which 
are of equal power for both photos 5 and 6. A comparison made with slow 
sweep amplitude curves shows a close correlation to these chirp photos. 

Photo 7 is the same as 6 except showing 1 db steps in amplitude which 
provides a means of measuring pulse flatness. 

Photo 8 shows the relative timing of the cathode current and detected 
rf pulse. It can be seen from this photo that there appears to be little 
gained in widening the video pulse. The rf pulse shape is primarily con- 
trolled by the rf bandpass of the FPA tube. 

3.^ Synchronizer 

3.^.1 Introduction. System timing <jnd radar control functions are 
generated in two digital logic assemblies. One comprises medium-speed 
logic and provides mode control and cae bulk of the radar timing. This 
unit, referred to as the "synchronizer", is a rebuilt and redesigned version 
of the original and operates essentially the same as its predecessor. The 
second unit, designated "IHSYWC" (for hißh-speed synchron: ..), derives the 
transmit and receive 10 MHz digital clocks, and generates certain preciselv- 
tuned, low-jitter signals required in the IM mode of operation. The HISYKC 
was newly procured for the upgrade program and is described in detail in 
Section k.k. 

3.^.2 General Description 

The synchronizer chassis is the prime source of system timing and mode 
control for the radar, and comprises twelve plug-in modulo boards, each of 
which accepts up to sixty DIP integrated-circuit logic packages. At the 
onset of the upgrade program, the overall synchronizer underwent several 
improvements in the areas of wiring layout, power supply filtering and 
general workmanship. Specifically, each plug-in board received a treatment 
of gold plate alone the connector etch to improve the contact of the 
existing copper surface which was deteriorating. Additional filter capacitors 
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19. C     CeMPUTE ERACTIONS ^0• E?TQ. <»,/3, 
?l• E2TQM. •H./3, 
??' E?TH- 3./?. 
?3• EPTHM.-a,/?, 
Ji« E?8T. 1./3. 
?5• E?0TM..i,/3t 
^6, E?<».07*3667785 
11* E?J?.108?.5*9E»6 ?8« E?A   .1. 
JJ* E?V   ■.00*363323 
•0« PI-3.1*159?65* 
11' TPI.?.«3.j*159?65 
3?• 16   CONTINUE 

»♦• S9A?06N,;}ELSET(n'I,1/8,'irA',DP':DC'VD'^rD,RDP,XMMA,NE 

iocfl
r^S,,,,NE,!:^0,,n G8T8 >» 

JJ* G»   T8   ?00 
".* ^ ^JDSN67 'NS'DXN^A'CEC,AP,A^RO,NR 
*0, EC-DEC 
*** RRIO»DXN«.017*5129?S 
;;• WI-XN..017*532925 
?'• S2RRI.(SIN(RRI)),.p 
*** S2RRID.(SIN(RRin))..2 
*?>» DE»RD»E?V 
**• C     COMPUTE SEMI.MAJ9R AXIS 
Hi E2A0.(f?K..?/DE..?)..E28T 
♦•• in.MElJn'i'.s?^!^2 "^    /E:?A0##?>M1.,DEC..2)..E?THM. 

si c   jSKs^r~^-'^ARGUMENT•'^^ 
59. C     COMPUTE EARTH RADII/DAY 

^^ E2AD« E2T0M   .(E2AB/RD>.RDR 

Figure 3.37a  ^Fortran Listing 2 Card to 5 Card Conversion 
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61* 
ftt« 
63* 
64* 
65f 
66* 
67« 
M« 
69* 
70. 
7t. 
7?. 
73. 
74. 
7S. 
76. 
77. 
78. 
79. 
80. 
81. 
82* 
83. 
84. 
85. 
86* 
87. 
88. 
89* 
90. 
91. 
9?. 
93. 
9«. 
95. 
96« 
97. 
98. 
99. 
100. 
101. 

m fun fin 

55 

pr RIRHT ASCENSION 
/(l.*EC)> «ROR 

XISR-E2A0 
COMPUTE   EARTH   RAOII/0AY««2 
PART1.2.»E2AB/R0 
PART2»10./J9.»R0) 
PART3«PART2«R0R»«2 
PART4»XHMA»PI 
E2ADD»PART1«(PART3»PART4) 
XISA«2«E2AD0/P1 
COMPUTE riRST DERIVATIVE OF THE ECCENTRICITY 
E2ED« (E2T0M )•( (1 .-EO/RDj^RDR 
XIER-E2ED 
COMPUTE  SECOND DERIVATIVE 
PARTS • (l.*E2T0 • «l.-EO 
8HMD00   •   (RAR/RD)«   PARTS 
COMPUTE     SECOND  DERIVITWE   OF   ARGUMENT   OF   PERIGEE 
HODO   •   (APR/RO)   •   PARTS 
COMPUTE  SECOND DERIVITIVE  OF ECCENTRICITY 
PART6«2./(9.«RD) 
PART7«PART6«(R0R«»2) 
PARTS» PART7-XMMA 
PART9 •   *• «d.-EO/RD 
EED08 • PART9 • PART8 
CONVERT  EPOCH YR AND DAY TO NDAE.ALSO TRUE JULIAN DAY CORRECTION. 
NDAE   •((YD-70)»1000) ♦ JD 
TJD»420*7. ♦ JD 
PRINT7007 

* (ELSF.T( I)« I«l«t}«|DAi IOB« IDC# YD# jD«rO/RDR#XhMA* NE 
,NS*DXN#RA#DEC*AP#AN#RD*NR 
#NS#NEJ1DB*IDC/NR,NOAE 
«NS/TJD#FD/AN/RA*AP#EC»XN 
/NS#RD*ROR*R*R»APBiXlER 
«NS/OHKDDOfMDDO/EEDDO 
#NS#SM#XISR#XISA 

200 

PRINT6668 
PRINT6669 
PRINT7000 
PRINT7001 
PRINT700? 
PR1NT7003 
PR1NT7004 
PR;NT7007 
DO 55 C»1#S 
READ7005 »CARDSET 
PRINT7006 iC#CARDSET 
CONTINUE 
00 TO 16 
NE»9999 
END 

Figure 3.37b ToTtran  Listing 2 Card to 5 Card Conversion 
(Sheet 2 of 2) 
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A cw sißnol source such as an HP 608D is set to either 2.U GHz o.- 
3.35 GHz center frequency dependinc on where the short pulse tester will 
be used. The output level is adjusted to minimize the insertion loss 
thru the V/atkins-Johnson MU or MIX mixer, usually +10 dbm or higher. 

The modulation waveform, a two nanosecond pulse from the HP 80O3A 
pulse generator, is adjusted in amplitude ar. shape (rise and fall tir.ea) 
to produce an RF output waveform having ve-y low (-t+Odb) sidelobes. 
Figure 3.^0 shows the actual waveform developed by the short pulse tester 
built and used at the test facility radar. The fine-grained structure 
appearing in the baseline of Figure 3.k0  is the CW leakage thru the mixer, 
and is mlnlnized by adjusting the bias and observing the oscilloscope. 
Signol-to-noise ratios greater than U5 db have been achieved with the 
configuration shown. 

Two methods are available for utilizing the short pulse tester output 
for reflection or transmission measurements. One is to connect the 
untcrmlnated front of the output circulator to the oscilloscope. In this 
manner, the transmit pulse is observed by means of the leakage thru the 
isolator (about 26 db) while the reflected pulse is observed at some time 
later, depending on the electrical distance from the mismatch. 

Thus, the tester acts as an RF time domain reflectomrter and can be 
gainfully used to discloce defects, mismatches and the like, present in 
waveguide runs, long cable runs, antenna feed horns, etc. 

The incident and reflec've^ pxLses may be presented alternately on the 
sampling scope by extracting a portion of the signal by means of directional 
couplers us shown in the block diagram. 

In the case of analyzing the transmission characteristic of a mixer 
where the input and output frequencies are dissimilar phase K asureir.ents 
are quite difficult and curabersosie to analyze since tfie two frequencies 
seldom have an integral relationship to each other. 

In a case like this, the weighted short pulse is impinged on the input 
to the mixer, the mixer is operated in its normal fashion, and observations 
are made of the output signal. 

Although quantitative results are not usually obtained, this device is 
useful in studying any degradation occurring in the mixer under conditions 
which simulat'i actual use. 

Figure 3^0  shows the dispersive effect of ten  >et of WR 3^0 waveguide 
used for ccrrponsation in the L.O. line. The four nanosecond resultant pulse 
confirms the predicted value mentioned earlier i.i Subsection 2.6. As anti- 
cipated, the lower frequency components are delayed by a greater factor 
than the higher frequency components. 
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2400-MHz 
WIDEBAND 
RAMP 
GENERATOR 

2400-MMz 
LO RAMP 
INPUT 

45-MHz 
SIGNAL 
GENERATOR 

45-MHz 
RF INPUT WRFE 

TRANSMIT 
CHANNEL 

3350-MHz 
RF OUTPUT 

TRANSMIT 
CHANNEL 
TWT 
PRE-DRIVER 

995-MHz 
LO INPUT 

995-MHz 
LO 
GENERATOR 

TRANSMIT 
CHANNEL 
TWT DRIVER 

i 
KLYSTRON 
POWER 
AMPLIFIER 

Ficure U.l  WRFE Transmit Channel, Interface Diagram 
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The following undesired signals are effectively rejected by the band[ :88 
filters. 

a. ^50 MHZ BANDPASS FILTER 

(1) RF input signal at A5 MHz 
(2) L0 input signal at 995 MHz 
(3) Image frequency at 1040 MHz 

b. 3.1 to 3.6 GHz BANDPASS FILTER 

(1) RF input signal at 950 MHz 
(2) LO Ramp input signal centered at 2400 MHz 
(3) Image signal centered at .1450 MHz 

The attenuators and/or circulators shown in the main signal transmission 
path (between the RF input and output ports at J7 and J5, respectively) are 
provided to match interfacing microwave components.  The resultant decrease in 
VSWR is a primf design consideration, since the minimization of reflection 
interaction e'.fects is necessary in order to minimize distortion due to phase 
and amplitude ripple effects. 

The gate switch has been installed in a secondary signal path (between 
the L0 input at J6 and the 950-MHz upconverter).  In this position, the gate 
switch functions effectively to permit main signal path transmission upon 
command (gate input signal at J4) with little effect on the main signal dis- 
tortion properties. 

The preamplifiers an^ postamplifiers shown in the main signal path are 
required to overcome a circuit loss of approximately 28 db, in addition to 
providing an overall gain of 3.0 db at an unsaturated output power level of 
+13 dbm. 

k.1.2   V.TIFE Receive Channels 

Description.  The purpose of the WRFE receive channels Is to translate 
input target slgnuls in the frequency range of 3.1 to 3,6 GHz to an IF output 
frequency of 950 +1.25 lilz. In addition, trnpiUfication la provided to over- 
come ci'cuit losses to provide equal input and output signal levels ranging 
from -85 +0 -Uo dbm. The WRFE receive channels contain two identical süb- 
oystena, and have been designed to provide output signal levels that are 
matched within 1 db. The system transmits vertically polarized signals and, 
by time multiplexing, crm receive either vertically or horizontally polarized 
returns. The prime receive mode is vertical polarization. However, under 
certain conditions where the return signal has been reoriented, horizontal 
polarization on receive j?«iy be better. Thus two -hannels are required for 
this polarization diversity. The interface of tne WRFE receive channels 
with other WPCR equipment is shown In Figure U,3 The input signal to each 

WRFE receive channel is supplied by an S-band transistor amplifier, which is 
nreceded by the waveguide duplexer/limiter structures. The output signal 
from each WRiii receive channel is connected to a 950-MHz transistor amplifier, 
which is followed by the signal processing equipment. 
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Theory of Operation.     The b lock diagram of the WRFE receive channels is 
shown in Figure 4.4.     The same design considerations  described with respect  to 
the WRFE transmit  channel have been adhered to in  the development of the dual 
matched receive channels.     Only  the differences in design considerations will 
be presented in this section. 

Interface port matching has been accomplished with an input and output 
circulator in the main signal  cransmlssion path between connectors J3 and J5, 
respectively,   for receiver channel No.   1 and J9 and J7  for receiver channel 
No.  2.     Secondary path 1,0 signal input matching has been accomplished with a 
3-db attenuator between J4 and J8,  and  the  corresponding downconverters.     The 
attenuator also establishes  the optimum LO drive level at  the downconverter 
LO port. 

The 950-MHz bandpass  filter  is  used  to pass  the  desired 950-MHz signal 
while rejecting the  following undesired signals: 

o RF input signal centered at 3350 MHz 
o LO input signal centered at 2A00 MHz 
o    Image  output  signal  centered at  5750 MHz 

A 950--Mllz postamplif ier has been provided to overcome  main signal path 
losses of 10.8 db.    An overall receiver gain of 4.0 db will be available at 
an unsaturated output power level as high as 0 dbm,   in order to permit the 
observation of close  test  targets. 

4.1.3 Equipment  Installation 

The WRFE equipment is installed in 19-lnch racks located in the tower 
room adjacent to the high power transmitter. The front panels of the WRFE 
equipment have been designed with quick-disconnect fasteners to facilitate 
removing the panels in order to provide convenient access to interface con- 
nections and/or subasscmbly components. Interface connectors are all mounted 
on a horizontal flange located in the rear of the WRFE chassis in order to 
expedite cable hookup from the  front of the rack. 

4.1.4 Interface Specifications 

WRFE Transmit  Channel 

Input  Requirements 

Signal 

RF Input 

LO Input 

L0 Ramp 
Input 

Gate Input 2. 

Frequency Level 

45 MHz +10 dbm 
(2.5-MHz ramp) 

995 MHz +16 dbm 

2400 MHz +16 dbm 
(500-MHz ramp) 

40 us pulse, +4 Vpk 
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Input/Output  Characteristics 

VSWR:   1:22 max at all interface ports 

RF Output Power Level:  +13 dbm 

RF Output  Frequency:   3350 +250 MHz  (with  500-MHz LO ramp input) 

Noise and Spurious Level:   50 db rain rejection 

Phase Kippl •:  +i.o degree periodic 

Amplitude Ripple: +0.2 db periodic 

WRFl^Reccive  Channc 1 s 

Input  Requirements 

Signa] 

RF Input 

LO Ramp 
Input 

Frequency 

3350 +250 Ma 

2A00 Mllz 
(500-MHz  ramp) 

Input/Output  Characteristics 

VSWR:   1.22 max at all interface ports 

Output Power Level:   -40 dbm  nin 

Output  Frequency:  950 MHz 

Dynamic Range:   55  dbm rain 

Noise Figure:   11.5 db max* 

Phase Ripple:  +1.0 degree periodic 

Amplitude Ripple:   0.2  db  periodic 

Amplitude Match:   1.0 db max,   deviation 

Level 

-40 dbm max 

+16 dbm 

*    Computed rece ver noise figure which will degrade  the noise figure of 

he nrniP " 1
that  PreCedeS  the  fr0nt Cnd ^ le-  than 0.2  5B when the preamplifier has a noise figure of 6 dli and a gain of 20 dB 
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4.1.5 Power Connections 

The following power connections are required at the D.C. Power Input 
connector of each chassis (J?. for Transmit Channel, and J6 foi Receive 

Channels): 

Voltage Current* 
Vdc        Transmit       Receive       Pin Number 

0  (ground) 11A  mA dc 25 mA dc A 

-15 150 iiw\ dc 25 mA dc 1 

+15 36 mA dc — C 

+30 — — h 

0  (spare — — F 
terminal) 

In addition, the +A V pk gate signal at J4 of the WRFE transmit channel 
must deliver a current of 160 mA dc in order to turn the gate switch on. 

* Currents measured with +AV DC applied to switch. 
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U.2    RF Transistorized Preamplifier O-JTE Q) 

U,2,l    Scope 

This section describes the desißn and operation of an RF Transistorized 
Pretunplifier, 

4.2.2    Description.     The block diagram In Figure 4.5 represents  the con- 
figuration employed in  the  doslgn a.id construction of  the RF transistorized 
preamplifier.    The  input signal  is divided in two by means of a 90° hybrid 
coupler and applied  to a pair of matched and balanced four-stage amplifiers 
optimised to cover  the  3.]   to  3.6 GHz frequency range. 

The outputs of both GKplifiers are then combined in another 90° hybrid 
coupler to provide a wide-dynr\niic-ranr.o, low-noise signal, the gain of which 
has been increased vy 20 db. 

The equipment was  tested to meet all of the following specifications at 
the contractor's plant and verified at site. 

Center Frequency: 
Bandwidth: 
Amplitude Flatness: 
Noise Figure: 
Phase Linearity: 
VSWR - In and Out: 
Impedance - In and Out: 
Gain: 
Normal  Input  Signal Levels; 
Matching Between  Channels: 

Dynamic Range: 

Burnout Level: 

3350 MHz 
500 MHz 
+0.1  db 
6  db max. 
+0.6 degree 
1.2:] 
50 ohm 
20 db 
-104  dbin to -60 dbm 
1 db  amplitude 

+ 5 degree phase 
The overall dynamic range of 
the  receive  channels  shall be 
55 db  defined as  follows:    two 
-60 dbm signals, either in or 
out of the rect Lver operating 
band,   shall not generate any 
intermodulatlon or cross 
modulation or other spurious 
or noise energies within the 
IF passband of the receiver that 
exceeds  -115  dbm. 

The preamplifier shall withstand 
input  signal  levels of 24 dbm CW 
or spike energy of IP ergs which- 
ever is  larger without physical 
damage  to  the amplifier. 
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Available Power: 

Operating Terrpcrature: 

Relative Hunidity: 
MIBP: 
Input & Output Connectors: 

+ 15 volts @ 1 amp, 
+ 30 volts @ 1 einp. 

+ 60°? to $0°? operating 
and +20°? to 90°? storage 
kCi to JCff, 
1000 hovurs 
IVpe N 

'*,2,3   Theory of Operation.      The following rcqulrernents hcve been placed 
on the perfornance of the transistorized eiipllflor:  (l) +2k dbn burnout level, 
(2) 55db dynamic rnnge,  (3) 1.2/1 VSV.'R, and (k) 6 db noise flg\ire.    These 
severe rcquirenanta have led to the selection of a design approach which unes 
a pair of matched 50° couplers and amplifiers In a balanced amplifier config- 
uration. 

1) The burnout level was increased by a factor of two to one over a 
standard single ranlifier.    This extra rnrgin of protection is obtained 
because the input ..j/^ial is cplit by 3db co that the power level of spikes, 
as well, as cw to each ompllfier, is reduced by one-half, 

2) The dynunlc rrnge is extended by at least 3db since the output level 
for Idb compresip'on is, in effect, that of two stages in parallel. 

3) and k)    The use of the balanced configuration with 90° couplers affords 
the aohluvcmcnt of ninirram VSUB with niniir-ujii noif;e figure degradation.    This 
is possible since the VSVJR is not a functicn of the Individual nrjollfier im- 
pedance, but rathnr of the Eindlarity of the impedances of the two units. 
It is,therefore, possible to optimize the luiiplificrs for noise figure ond 
gain and then achieve the epccii'ied V8HR by minor adjustments to achieve 
similarity of IrniM-ücJice,    The power loss in the coupler is approximately 
0,2 to 0,3db in this configuration, comriarcd to about 0.5db had a ferrite 
Isolator been used to achieve the same VITilR, 

k,2,k   Alignment and Test.    The final sequence for alignment of the 
amplifiers is as follows: 

1) Tune the amplifiers for 22 db gain + 1 db over the full 2-k GHz 
frequency range. 

2) Optimize the amplifiers for equal and flat (+0.25 db) gain over the 
2,8 + 3.9 GHz frequency range. 

3) Measure input characteristics and select most similar amplifiers 
for each pair. 

U)    Match the amplitude and phase response of each pair of amplifiers 
to +0.2 db «unplltude and +0.5° phase. 

5)    Check the couplers for amplitude, phase, and VSWR. 
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6) Assenble complete units and trim for flat amplitude and phase 

response. 

7) Check and adjust  input and output VSWR. 

8) Recheck amplitude and phase response. 

The schemata   IU»r« for  the    inal amplifier is shown in Figure 4.S. 

11.2.5    installation nd Qp«ra1 'on.    There are no ipeoiftl maintenance 
requirements'for the r.nolifier.    Hov.-ever, since the unit is sensitive to 
pover supply variation it is adviaabla to check the dc voltage at the 
filter terminal on the Individual aiaplifiar chain on a pariodifl basis. 
The potentiOOBtart con he used to Mta small system adjustments in cam 
and phase if daiirad (1 db/volt nod ^0/volt). 

4. 3    pulscjbi^rensioi^^Jtem^ (Creative Electric) 

A. 3.1    Scope 

T-s action describes the daaign and generation of a pulse expansion and 
co-iprc'-ion network.    Tills n-tvork  provides a dispersed pulse 1.2 microseconds 
loT /iti a 25-1«« hanuwidth at »»5 Ät (transit pulse) axid compresses or 
eorrelJicc iho Tm» pvtlse at receive time  (receive pulse).    The output ii time- 
denain wai^bted and paak algnal cain is 10 db. 

4.3.2    Description and Theory of Operation 

For the purpose of discussion, the system is divided into two sub- 
systems: 1) transmit pulse gereration (sweep generation) and 2) receive 
pulse generation (correlation). 

A  3 3    Transmit Pulse Generation.     Referring to the block diagram in 
Fiaitn A.7.   it can be seen   that  the transmit impulse  generator receives two 
Sortant inputs:    1)   a I»l impulse trigger and 2)   an 11.25 «.  cw signal 

(TTL). 

The 11 25 MHz TTL signal  is buffered,  gated and filtered,  and applied to 
the "L" port of a doubly-balanced mixer.    The impulse gate starts  coinci- 
dentally with the ttigsar and last,  for 20 microseconds      At the center of 
this 20 microsecond internal,   the "X" port of the mixer is driven by a 0.4 
.sec  lonrnegative  goin,  cur.ent waveform,  a 0.8 ysec  long posxtive  going 
waveiormVnd a second oU  .sec long negative current waveform.     This generates 
a paatldo-ailM "X" over "X" waveform at  the "R" port of the mixer. 

In addition,  three other current pulses of variable position, width, and 
amnHtuc'e are  inserted    into the "X" port of the mixer for optimizing the 
gyrated i.puls..    These  signals are  termed the "pre-transmit  ^tor ion 
compensator" and are adjusted as necessary, after  the entire system has been 

aligned. 
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The signal above Is  fed to a gated power amplifier where it  is amplified 
to a level of 8 to 12 volts pcak-to-Peak,  and then applied to the input of a 
single  terminal dispersive delay line.     Also at the input  to the delay line 
is a pin diode switch or gnte which lets  the signal through  during impulsing, 
and allows  it   to leave the delay line after the dispersion period!    The net 
result has  the effect of a transmit/receive switch and permits  the construc- 
f™™      tiie

i
lini-* ^^ß only one transducer,   reducing the insertion loss to 

approxmately one half of that of the conventionol arronccnent. 

nie output of the delay line and amplifier is an unlevelled signal, about 
60 microseconds long starting 60 ^seconds after t and about 300 millivolts in 
amplitude. Leveling of the 11.25 MHz  disperseAlgnal is accomplished by 
processing the output of the  delay line in a linear amplifier having a time 
variant gain  characteristic. 

The linear amplifier contains a Schottky diode variable attenuator,   and 
severa    stages of fixed gain.    When  the leveller is triggered on.  a one-shot 
multivibrator  delays action for 67 ^secs and a free running oscillator 
inltiau-s and counts out A0 pulses and stops.     The counter drives a 40  input 
analog multiplexer which scans  the settings of 40 potentiometers which  are 
set  individually in time to adjust  the output level at each of A0 one micro- 
second segment  of the output  pulse.     The wrveform is  levelled  to  a  final 
amplitude of  1  volt peak to peak. 

From then,  the 11.25 MHz levelled signal is converted tc A5 MHz center 
frequency with  the desired chirp sense by fixing with a phase-locked 56.25 
Mnz  signal. 

A. 3. A    Receive Pulse Generation  (Correlation).    The input  to  the  cor- 
relator  is  a  delayed replica of a  transmitted pulse, but  containing info 
tion concerning a target  from which it was  reflected. 

nna- 

r-oi   +
Fi8urf 4

4-8 wm be used ^  the discussion on the operation of the cor- 
relator.    A triggar from the synchronizer allocs the l»5 KH« received .Wl 
to arrive at  the  Input to the  correlator some  3 microseconds  delayed In tiie. 
The input signal is attenuated by 6 db   to optimize the first mixer operation 
which  translates  the cignal  down  to 11.25 Mil by mixing with  33.25 MHz   to 
preserve the  chirp sense and provide a match  for the 11.25 MHz delay  line 
used in the  correlation process. 

After amplification,   the received 11.25 MHz signal is  fed to  the 
weighting filter  (generator).     The operation of the weightinp filter is 
similar to  that of the levelling amplifier used In the transmit pulse  genera- 
tor described above with two exceptions: 

1)    Pin diodes are used Instend of Schotte  diodes as  the attenuating 
element  due  to   their wider dynamic  range. 

nf M2)r-Th?  ,:1,ne ^ bef0re Proccsslnr> «tarts is three microseconds instead 
ot  the &/ microseconds  used  in  transmit  pulse  generation. 
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The weighting filter consists of a similar nunber of voltage potenti- 
ometers, each gated on for 1 microsecond and adjusted to a cosine on a pedestal 
response with a pedestal ratio of 0.08, typical of a modified Hamming 
weighting. 

The weighted and amplified signal is then fed to a delay line which has 
the property of delaying the higher frequency components less than the lower 
frequency components, resulting in a pulse having a constant frequency and 
compressed in time to a width of 560 nanoseconds. 

Whoa properly adjusted with a linear pulse in the input the time side- 
lobes associated with the output pulse are approximately 37db down with 
respect to the main pulse. 

4.3.5 Electrical Specifications 

The main electrical specifications of the Pulse Compression Network are 
summarized below: 

Transmit Output Specifications 

Width  - A0 useconds (2.5MHz BW) 

Slope  - +2% 

Length    -    +0.5 yseconds 

Amplitude  Response    -    + 0.25db 

Center Frequency    -    45 MHz 

Bandv^dth    -    5 MHz 

Tolerance    -    45 MHz locked to 5MHz reference 

Spurious    -    -45 db with respect to desired signal 

Receive Output Specifications 

Compressed Pulse Width    -    560 nanoseconds maximum 

Side Lobe Level    -    37db max 

Linearity    -    +0.5db 

Spurious    -    45db with  respect to desired signal 

Overall Specifications 

Amplitude Deviation -    + 25db 

Subsystem Delay    -      170 psec maximum 

Instantaneous Dynamic Range    -    50 db referenced to a -10 dbm 
uncompressed input signal 

Signal Separation    -     two signals 50 yseconds apart shall be 
processed without measurable degradation 
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A.A   HISYNC Synchronizer - (RCA) 

4.A.1 General 

The Test Facility Hißh Speed Synchronizer Locic hereupon referred to as 
HISYIIC derives the critical tlidng signals for the test facility radar in FM 
modes of operation. HISYNC is divided logically into two sections, a high 
speed logic section, located on a printed circuit card called Z^, and a low 
speed logic section. The low speed logic is contained in two wire wrap 
boards Z2, which has most of the transmit timing, and Z3 devoted mostly to 
receive timing. 

In addition, IIISYIIC contains a -5.2 volt power supply and a times bk 
frequency multiplier, H-5 Volts and +15 volts are obtained from the radar system. 
HISYNC also requires 120 volts AC for the -5.2 volt power supply.  The 120 
volts is obtained via connector Jl and the +5 and +15 volts via connector J2. 
Multi-pin connector J3 carries the digital signals between HISYNC and the 
existing radar synchronizer. The site 51-Iz reference sine wave is connected to 
jU. Hie FM L0 output is obtained from IWIBEX BKC connector J5. The transmit/ 
receive Impulse Tricger is obtained from Jb, the Early Gate from J7 and the 
Late Gate from j3. 

4.4.2 Design Details 

Frequency Multiplier  (X64) 

The tii,.es 6'l frequency multiplier is a phased-lock loop-type multiplier. 
It accepts the site 5 l-Hz reference sine wave from IIP frequency standard and 
produce     a 320 MHz signal which is used as the master timing clock.    The high- 
speed lop.ic in HISYKC develops a synchronous 5 MIz square-wave from the 320 I-2iz 
which is used by the nultiplier to compare against the 5KHz site signal and thus 
produce a phase-locked 320 Illz,    The consequence of this is that the 320 MHz and 
5 MHz square-wave are coherent with the site reference. 

System Block Diagram 

Figure 4.9 shows the HISYNC Block Diagram. 

High Frequency Section 

Clock Driver.     The 320 MHz cint wave is shaped by an ECL level 50-ohin 
line driver.    This develops  the  320 MHz clock signal which drives  the clock 
inputs of  four high speed flip-flops.    An alternate or "back-up" driver 
system is also included.     In the event  that  this is used,   the input ECL driver 
and terminating resistors are removed and replaced with a resistor of 51 ohms. 
The  320M)lz signal is  then fed into  the alternate driver and coupled via a 
.01 JLIF capacitor.     In either case,   the logic perform1"  identically. 

Two Phase Clock Generator.    A binary divider produces  the main 160 MHz 
clock.     Three additional flip-flops are used to develop the 2^ bit of fast 
timing.     These  flip-flops 02,  U3 and U4 shown on Figure 4.11    develop 160 MHz 
at either polarity 0° or 180° depending upon the input signal at  the 23 CLK 
Mode line.      When the 2-  CLK input  is low the signal at U4 Q-output is 160MHz 
at phase 0°,  the same as at Ul Q-output.    When the 23»CLK input is high the 
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signal at U4 output Is 16UM1L  at 180    or opposite polarity  to the main 
160MUz  clock at Ul Q-output.     This  reversal In polarity will be used as the 
2-* bit of receive tine delay or equivalent to 3.125 nseconds i 

(  320 MHz )' 

The logic design shov«m In Figure 4.11 was adopted following rejection of the 
standard  technique shown below.     To perform logical functions,   gates are 
normally  used;  however,  the  time delay of the signal  through  the  gate to per- 
form the logic function will slow down  the overall operation.     It is  there- 
fore necessary  to conceive a method of eliminating the  gates'   delay while 
obtaining a clock at half the  frequency of the reference clock that will move 
in the basic incroraent of the  reference clock.    Figure 4.10 shows  the 
implementation of this  circuit  if gates were used and if high frequency 
operation were not a consideration. 

POLAR ITV 

CONTROL     LINE 

F o 

 1*. 

FIGURE k.10    -    EQUIVALE1IT CIRCUIT SHOWN USING GATES WITH 

NO REGARD FOR DEIAY. 
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It should be appreciated that If  the signal out of OR Gate C were used 

^r.^    ^^^ *? ^her countln8 circuits,   the other counters may be 
ron^oi  1?    lnC;e,iC"t8 °f  the  ^iod of  frequency  F by adjustment of  the 
control line.     The drawback    of this logical arrangement ia    the delay      For 
example,   the precision desired between phases  from OR Gate C must be within 
100 picoseconds  (0.1 nanosecond),   then the differential delays between ^D 
Gates A and B and the Q and Q    outputs most also cumulatively be within 100 

forthiTptcisioT this ili iW0SBihle to 8uarantee' *• ci-uit i8 -i- 

flops^l^Sr'in'11/^ prcfe
K
rred deßl^ »Plates as follows:    Three flip- 

flops Ul    U2    U3 and U4 are shown,  all with their clock inputs  connected to 
coUu,K.n line  1.     The  flip-flups shown feature two D-inputs where  the sisals 
applied to  the D-lnputs are  logically ORed by  the  flip-flop.     Fl p!f!op Si is 
connected as a binary divider with its IJ-output  connected "to its D-liputs! 
Flip-flop U2 has one D input  connected  to  the Q-output of  flip-flop Ul and 
the other D-input  connected to  the complement of control line 2 via Gate U26A 
Flip-flop U3 has one D-input  connected tj  the IJ-output of  flip-flop Ul and 
the other D-input  connected to control line 2 via  the output of Gate    U26A 
In this manner,  either  flip-flop U2 or U3 is  turned on.     If the control" 
line  is high  the Dl-input of flip-flop U2 will be low and flip-flop U2 will 
be able to respond to signals on the D2-input.       At  the same  time  the Dl- 
input of flip-flop U3 will be high causing the Q side of flip-flop U3 to be 
continually high no matter what happens on its D2-input.     The TJ-output of 
flip-flop U3 will be low.     If the control line polarity is reversed or made 
low then  flip-flop U2 Q-output will be  forced high its Q-output  remaining low 

M-inJit U3 ^ allOWed t0 OPerate " reSp0nd t0 th" •A onits 

Flip-flop U4 has one D-input connected to the ^-output of flip-flop U2 
and its second D-input connected to  the Q-output of flip-flop U3.     Thus    there 
are three shift register stages  in  tandem Ul,  U2,   UA or Ul,  U3,  U4 depending 
on the state of the control line.     If control line 2 is high  the shift 
register is made  up of U1TOJ4,  U2 indicating its I?    output is  used.     If con- 
trol line 2 is low the shift register is made up of inrU4. 

The polarity of the signal available at the Q-output of U4 is  thus 
dependent on the control line.     If the  control line is low the signal at the 
output of flip-flop U4 will be in phase with the reference signal at flip- 

SS S Q~TP^\ uu the contro1 line i8 hi8h the si^al at the o^put of 
flip-flop U4 will be out of phase with the reference signal.  Ficure 4-11 
shows the timing waveforms. b«"« •* xx 

The control line normally is set during the system "dead" time (shortly 
before the KG FM L0) so there is no conflict with the switching time of the 
control line as shown dotted in Figure 4-11. 
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Main lOMHz and 5MHz Timer.       Four flip-flops are connected as a binary 
up-countcr dividing the ]60 MHz reference clock by 16 thus producing the  10 
MHz CW clock  for the low speed logic.    The last  three stages of the  four 
stage  counters  are  decoded and applied  to the  two D-inputs of a  flip-flop. 
Hie decode of the  first stage output  is obtained by applying it  to a clock 
input  of  the  same   flLp-flop with  the  160 MHz  applied  to  the other  clock 
input.     This produces a 5 MHz square wave which is  coherent with the  160MHz 
clock.    Tests have shown  that the jitter between  the input  320MHz and the 
output 5MHz is virtunlly nonexistent  (<  20 pscc).     Therefore,  the 5 MHz 
signal  is essentially  coherent with  the  320 MHz clock.     The  5 MHz  is  made 
available as a balanced output  signal which  is  sent over balanced 100 ohm 
shielded  cable   to  the mnlLiplicr.     The  5 MHz is  also used by  the  low speed 
logic to aid In establishing a reference sync signal. 

Range  Counter Start.       The  10 MHz  clock obtained  from the  10 MHz Timer 
is sent   to  the  low speed logic via a level  converter  (ECL  to TTL).     The  low 
speed logic  determines at which  time  the  range   timer should start  (approxi- 
mately T0  time)   and sends back a signal  derived  from the  lOMilz.     This  signal 
is converted from TTL level to ECL where it  is  further decoded by sensing 
the all one's  count of the A-stage  10 MHz   timer.     The sensing of  the  "all- 
one's" state of an up-countcr allows  for error-free detection no matter how 
many stages  in the  counter.    This is because  the  last stage in the chain is 
the  first stage  to reach the terminal one's  count. 

The  decoded output  is now a positive pulse 6-1/4 nanoseconds wide 
occurring at  range start time.     It is applied to  the D-inpuL of another flip- 
flop which is also clocked by  the reference 160 MHz.     Consequently,  at  the 
next 160Miz clock pulse the Q-cutput of the  flip-flop will go low.     It is 
immediately  fed back to its own D-input via an inverting gate and a "wired- 
OR" connection  to the 6-^ ns pulse.       This locks  the D-input high so that  the 
flip-flop will not return to the zero state,  at  the next clock pulse  thus 
producing a gate  for receive timing.     This condition will exist until a high 
level is sent  to the other input of  the inverting gate^JT  S STOP). KABQE STOP 
is actually a short pulse occurring at  the beginning of Ty>.     Thus,   this  gate 
will allow the  ran ,e counter to operate  for almost  the entire pulse repeti- 
tion interval  (1/70 sec).     The negative  gate from this  flip-flop is  the 
receive  timer gate. 

TRAl^I'JT FM L0.    The start time of the XMIT FM L0 is derived from the 10 
MHz clock by  the low speed logic and returned as a 0.1 ysec pulse via a 
level converter.     The counter "all-one's'' is sensed just as  In RNG start. 
Thus,  a 6-1/4 nanosecond    pulse  is obtained and controls the D-input of a flip- 
flop.     Assume  that  the other D-input   is  low;   this  flip-flop will  toggle 
nigh and then low on tht next  two 160Mllz  reference clock pulses.    The 6-1/4 
nsec output  pulse  from this  flip-flop  is  sent  through  a gate.     The pulse 
output  from thi.i  gate  is  applied  to another amplifier which  is  clocked  from 
the  reference phase of  the  two phase  clock  (23 is  low during XMIT).     Thus 
another 6-1/4 nsec pulse  shifted 6-1/4 nsec  from its  input  is obtained  from 
this Q-output.     This pulse is sent  through delay line assembly Z2 on module 
Zl which  for XMIT is switched to zero or minimum delay.     The pulse  is  then 
applied to the clock input of another flip-flop,  arranged to toggle as  a 
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for FM Lu XMIT ^J^^^   ~i..,      L     ,   «••-«-i..  inxb insures that the pulses 
iur in LU XMir will always be at the same polarity.  The POI m™ .«. i 
level is dropped before receive. signal 

reasons: >n™ L0a)0Lto
L0CK,   M^f ? L0 POlarlty L0Ck Si^al is Provided for three Jns.     a;     to estahlish  the correct polaritv of t-h» FM m    «       .       cnree 

is necessary if it  is  reared that  the FM^ Lte L^h^/ ff'     ThlS 

flop  toggllnR on  an  FM Lü  ttigmt      The  first^rfo!!    I      f^Ü  fr0m a  flip- 
on (the leading edre of the FM LO r^»?  t^1"^* to^^  the flip-flop 
flip-flop off fFM^O L^f Trlil    g

Gea      j!"11! 'is^^^riSr ^  ^ 
the leading edge becones  the  trailing ed-e and vicrLr°        ? """/herein 

least sl.nlfi.a.u Mt   Cof
Pri," '^laya a KTS'.I'ÄSL'*: 

,he three 

the *lZtJTr%liT*JVV:?\limine 8ate '*1* "• d"""^ •• 
clock Input of a fl p- l°p      „i^8^!^^0 ^ "* ls ^P11"1 " »• eecond 

allowed to toggle Iro^^'re^ e„ eMo"»,    elock6" rre'e'8 ^^ iS 

of four stanes of  the  ranop nr ^^A clock.     It represents  the  first 
clock.     It fs actually  thf 2? jre'Ve  C0Unt!r Producin8 • 10 MHZ receive 

Phase and starting P.UrUy S a' ^etto'^or ^^71^^ J^!*"  the 

a pal« Oa ps^e *i2\lZl?Zi.l:tl Tt'? t "^ 10 *" ^k ««**• 
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through cither of two p.ates depending on wlv    ier the 2^ bit of range is 
required.     If  it   is not req-ircd,  the pulse    s  treated as in XMIT and no 
delay is added.     If  the 23 bit of delay  (3-1/8 nsec)   is required,   the pulse 
is scut  thru a  gate  and  then  into  the  D-input of another flip-flop via a 
delay  line 1)1^.     In  addition,   the  ISO  degree  phase of 160 MIz  clock is 
selected to clock  this  flip-flop.     The  out-of-phasc  clock  causes  a delay of 
3-1/8 nsec in  the  clocking of  this  device.     Ihe  3-1/8 nsec dalay line  in   the 
D-inpyt  insures   that   the data skew v.'ill  be  correct  for proper clocking when 
the 2    bit  is  selectsd.     The narrow pulse   from this   flip-flop is sent   thru 
delay  line Mscibly  Z2 where additional  delay may be selected. 

Switched Delay Lima.       The  delay  line  assembly  is a 3-hit  delay system 
offering eight  sups  of delay  (2° to 22 bits of ranga).     The LSI  (2° of  range) 
is  390 picoseconds.     The delay lines are 50 ohm mlcrostrip lines on a thick 
film ceramic substrata.    'In« hybrid contains a new "frltless" gold and wire 
bonded NIP diode  chips.     (NIP are identical to PIN diodes except   the  cathode 
and «noda  are  reversed.)     ihere are  four diodes  per delay  line switch Mking 
up a double  pole  double  throw switch.     Thus,   each  line  is  independently 
switched in or out.     The diode biases are made via 0.A7/4H  inductors  included 
in the hybrid package.     The push-pull  switching signals are obtained from 
discrete transistor circuitry on the module.     The NIP diode operating bias 
voltage levels  arc  designed  to match  the  input and output ECL circuit  levelf.. 

PIN diodes by nature are microwave devices. Ihe signals through them 
should be faster than their recovery tin-e. For this reason, only a narrow 
pulse is sent down the line, 6-1/'* nsec, rather than the FM L0 pulse width 
which might be of 40 psec duration. To create the FM LO pulse, therefore, 
two narrow pulses arc sent through the line: one for start and one for stop. 
Another flip-flop generates the FM LO pulse by turning on the first pulse 
and off on  the  second. 

Transmit  Tinier.       The  low frequency portion of  the  transmit  timing  foi 
HISYNC is mostly contained on board Z2.     The main TfJ signal  from the radar is 
used to "steer" a  flip-flop.     The 5 MHz signal  from Z    toggles  the  flin-flop 
on  the next  5 MHz  negative  clock edge.     The  gate   thus  created,   called Gate  1, 
is  transferred to a flip-flop which is  clocked from the 10 MHz  clock from Z   . 
This creates a gate on  the negative edge of 1U ISi  cJocl? or equivalent  to    1 

the positive edge of lOMHz clock.     This gate is  called Gate 2.     Gate 2 is 
transferred to another  flip-flop which enables  the binary counter function 
thus producing a gated 5 MHz signal which is used by  the transmit  timing 
counter.   Figure  4-12. 

T0 STD.       A standardized T^ pulse is  required for general initiation 
purposes.     This pulse is made narrower than Xg so that after its initializing 
is over it will not inhibit proper operation.     The pulse is created by flip- 
flop ÜIB.    The  leading edge of T0 clocks  the  flip-flop thus starting T0 STD 
and  the  leading edge of Gate  2 sets  the  flip-flop  thus  terminating T0 STD. 
In a CW mode of operation or in any CM P1I,   the  timing functions of the 
HISYNC must be g:itcd off.    This is accomplished by inhibiting the T0 pulse 
coming from the slow-speed synchronizer,   thereby preventing initialization of 
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The decoding waveforms arc shown In Figure 4-13.    The  first or earliest 
pre-trigger  is  used  to  turn on a gate  called  the LSB DATA HOLD gate.     This 
gate  is used  to  send  the  least  four bits  of  range  to  the high-speed logic. 
This  gate  also  servrs  to change  the word into  the  receive  counter  from FM LO 
range  to FM LO  range width so  that  at  the next  data strobe  time  the  RFC  FM 
LO width duration will be  loaded into  the   counter.     The second pro-trigger 
is used to   toggle  the FM LO FOL LOCK signal  to  a low and also starts  a gate 
which will be  used  to allow the  receive  10 MHz  clock into  the AUX counter. 
The counter- "all-one's" decade initiates  the generation of a reload strobe. 
The  trailing edge of  this  pulse is  also used  to  toggle a flip-flop which 
turns on a gate   that  is  used  to simulate  the  last  8 stages  of  the counter 
being in the  all-one's state.      This is a negative gate seen at the input   to 
an OR gate which  also receives  the  true  8-blt  decoding.    When the  counter 
again reaches  "all-one's" after counting  the  time  interval  desired  for  the 
RFC FM LO pulse width,   the decoded pulse  initiates  the  toggling of  two 
flip-flops.     The  gate  from the latter flip-flop forces a clear on the  first 
4  stages  of  the  counter so that  the  counter  doesn't  continue  to generate 
REC FM LO gates. 

AUX Counter.     The AUX counter is provided to perform the auxiliary 
functions  of  generating the TX and RX IMP   trigger and the Early and Late 
Gates.     The  TX and RX impulse  trigger are provided on  the same  line. 
However,  the  TX pulse  is  fixed with  respect   to  T0 while  the  RX pulse  must 
move with target   range.    The TX pulse is positioned approximately 20  psec 
from T0 while  it  is desirable to have  the RX pulse approximately under  the 
FM LO Receive  pulse.     The Early and Late  gate  must also move with  range with 
their position  delayed about  300  psec    from the  RX pulse. 

The  logic  to  create  these pulses  is  contained in one programmable 
12-Bit counter.     The programs are contained in a four-address wired "Memory" 
comprising six logic packages. 

The address  contents are listed below: 

ADDRESS CONTENTS (TIME DELAY) 

0 Delay between T0 and TX IMP  Trigger 

1 Duration between -0,6fis  range pretrigger and 
the RX IMP Trigger 

2 Duration between the RX IMP Trigger and the 
beginning of the Early Gate 

3 Width of the Early and Late Gates 
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The AUX counter is located on board Z2.    The  clock is derived on Z3 
as is  the decoding for the output  pulses.     The  logic is broken out in a 
separate schematic  for clarity.     The counter operates  first  from the 
10 Mil clock turned on near Ty»  (Gate A)   and derives the TX IMP TRIG at 
which time gate A is tuned off by Gate 2.    A clock signal is not applied 
again until   the  receive pretriggcr turns on gate B.    This allows  the Rec 
10 Mllz  clock  into  the  counter. 

Address Counter.     The address counter is used to set  the memory 
switches so that  the proper word is always  loaded into the counter. 

A pretrigger is decoded from the AUX counter which Is used to 
increment the address counter.    The  counter is  cleared at T0 so that 
the TX trig word is  first mado available to the counter.     The  counter 
is designed to count 0,  1,  2 and 3 and then stay at address  3 no matter 
how many  times  it  is  incremented so  that  the Early Gate width is also 
used for Late Gate width.    This is done by  feedback connections within 
the  address  control  logic. 

Counter Operation.       The AUX counter operates similarly  to the Transmit 
and iec counters.     The "all-one's" decode is  used to initiate  the reload 
strobes except   the  reload strobes occupy a complete  time slot,   consequently, 
where before,   the duration time was N-l it is now N-2.    The all-one's decode 
is used for generation of the reload strobe when operating from the 10 MHz 
clock durinr, TX IMP trip generation, when operatinp, frora the REC 10 MHz 
clock for all other pulses.    Gates A and B direct  this  traffic. 

Early/Late Gate Shift Reßister. The shift register on Z3 is used to 
decode  the Early and Late gates.     It  is  clocked  from the  composite all-one's 
when allowed by a decode  from the address  counter.     The end of  the Late 
gate is used  to  turn on a flip-flop.     The gate from this  flip-flop tv-ua off 
Gate B and stops  the AUX counter operation,   otherwise it would cratinue to 
make Early and Late  gates. 
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U.5 IF Transversal Knuallzer (Hazeltlne) 

^^.l Introduction 

Thic section describes the design approach and theory of operation 
of the IF Transversal Equalizer. 

'^.5.2 Description and Theory of Operation 

General. The purpose of the transversal equalizer is to suppress 
tine echoes which resalt from amplitude and phase distortion in the radar 
tronsnittcr chain, antenna systen, or receiver. These distortions are 
the result of combined component tolerances or may be caused by changes 
in component electrical characteristics resulting from termerature, 
pressure, or humidity variations. Additionally, component"a-Jnr. may 
affect the omp.litudo and phase transfer function, or the Chang« may 
be due to the replacement of a major component or assembly. Since th^ 
distortion from these effects cannot be precisely predicted, an adjust- 
able transversal equalizer is utilized. 

Distortions in the frequency domain result in leadinr or la^ing 
echoes in the time domain. For a pulse compression radar,' these time 
echoes appear as an increase in the ran{;e eidelobc level of the com- 
pressed pulse. This results in a decradation in raji^e resolution. 

•Hie transversal equalizer employed in this syfitem achieves distortion 
equalization by an array of fixed taps which provide leading or lagging 
replicas of the main signal to effect cancellation of distortion echoes 
^lapl ^  »«P«^ in W« by the reciprocal of the initantaneou« band- 
Width Ol the received signal. This separation, which is 0.J+ usec for the 
■ignal bandwidth of 2.5 MH«, satisfies the Wyquir.t samplinc criteria. In 
addition, the in-phase (l) and quadraLure (Q) control of the echo sicnal. 
cancellation is effected without the necessity for a raoveable tap 
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A simplified block diagram of the equalizer is shown in Figure A-14. 
The main input signal is divided into two separately delayed paths, one of 
which contains a fixed delay line (20 psec) and the other a tapped delay line. 
Half of the taps have a delay between ten and twenty microseconds while the 
other half arc delays from twenty to thirty microseconds. 

Each tap, additionally, has an amplitude (I) and Phase (Q) control which 
provide lor continuous amplitude and 360° phase control of the echo signal. 

For a s-n X/X Input signal, any single tap can generate a replica of the 
input signal of variablp amplitude and carrier phase (0° + 360°).  The time 
occurrence of the echo corresponds to the tap aelay.  By suitably adjusting 
any two adjacent taps the echo can be made to slide continuously between the 
two taps with any desired amplitude and phase. 

Theory of Operation 

Frequency Domain Analysis.  The operation of a transversal equalizer 
such as that shown in the schematic in Figure 4-15 can be analyzed in either 
the time or frequency domain. A frequency domain analysis views the radar as 
a linear transmission system which has a transfer function, Hfo)) defined as: 

H(ü)) = kiu)   1 jB(a)) (1) 

where A(u)) and B(u)) are the steady-state amplitude and phase response, 
respectively, of the system.  For a distortionless system, A(u) would be a 
constant (Independent of frequency) and B(w) would be a linear function of 
frequency. 

Deviations from this ideal system can be described by a Fourier series 
expansion about the frequency band of concern. 

N 
A(tü) - a + I  an COS (new + 4.) 

B(u) - b 
OÜ) 

n = 1 

L-.i 
SIN (new) + (J)) 

(2) 

(3) 

where distortion  terms are In brackets.     The  transversal equalizer when 
cascaded with the network producing the distortion,  must cancel the bracketed 
terms. 
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Thus, it must be possible to adjust the phase and ajnplitude to 
yield terms: 

and 

Ax(u)) = K 
N 

ao + E     a  COS (n cw + 4.) 
n » 1 

-1 
(4) 

B1(u)= b1 cj 
o 

N 
b  SIN (n cü) + ; (5) 

For the case where the amplitude distortion is small compared to one 
neper (8.68db), equation (4) can be reduced to the form, 

1 
A (tt) a - 

N 
E a  COS 

n 
(n   + ^) 

cw 
(6) 

The ability of the equalizer to produce independent controllable 
amplitude and phase terms is shown as followi.  The equalizer consists of a 
tapped delay line as shown in Figure A-U. The taps are fixed and spaced by 
Y which is equal to the reciprocal of the bandwidth.  The reference is 
selected as the main output signal I . 

jwt 
e  = E 
o    e 

The output  from tap "a" is: 

e    = K      e  J  "  (t-Y) 
a        a 

and the output  from tap "b" is: 

.. e j  u>  (t+Y) 
%      h 

Where Ka and Kb  are of  the  form 

(7) 

(8) 

(9) 

K    = + e 
-L 

121 

MMMM 



70 AMTCW/Vfi NnvtORin OUARTz'ctlvST/KL 
■> {0.\" 7MICH) 

SHItLt) CANCfLLER OU7PU7 
7ffANSJ}UC£R(7YP') 

(O.)  MAIH  LtNE 

ß- 

i 

sr-cur 
OUARTZ CRYS7AL 
(0.l"7HICn\, 1—1 1} —^ [i 

•fÄ r/j^j O,BUSSPACIN& 

0 

 7' 

(h) TAPPED   L/A/e * 

N07e: 
7tro 7APP£D LINCARe USFD. 
ONF LI ME CONTAIHS JHF ODD 
7APSJHFOTHER LINE  THF 
EVEN   TAPS. 

Figure 4.16  Delay Lines 

122 

- ----- - ■ 



-ZBT 

Thus,  the boxes in Figure 4-15 designated as Ka and Kb  can produce 
attenuation and phase  reversal of  the  leading and lagging signals. 

The output signal    e      is 
a 

e^    =    e      +    e      = e. 
a o ab 

ea    -    Ee    ^    +Kae    jw(tH^  + Ke    ^^ 

e      =    E 
a e 

Jojt 
1 + K    e 

a 
-jut 

+Kb e 
Ju)Y (10) 

By defininc,  Ka =  Kg + Kp 

and    Kb  = Kg - Kp 

then, ea    = E e 
jut 

1+ 2Kg COS  WY +    J Kp SIN toy       (11) 1 

The condition of Ka=Kb  results  In the addition of a leading and lagging 
vector  (echo)  of equal amplitude and polarity to the main signal.     Thus,   the 
sine phase term is zero and only  the magnitude of  the output signal varies. 
The output amplitude  is a cosine variation with a period of toy, which ful- 
fills the condition for  the Fourier expansion of the error term In equation 
(6). 

When Ka = -Kb,  equal but  opposite polarity echoes  are  added to  the main 
vector.     Tliis  results  in  a sinusoidal  variation of  the phase  characteristic 
as a function of frequency which satisfies the condition required by equation 

Time Domain Analysis.     The time  domain and frequency domain are 
rigourously  related by  the  Fourier  transform.    However,   a much  simpler 
relation is  the "paired echo"  ttieory of H.A. Wheeler.     This analysis provides 
substantial insight  into  the  tine  domain response which  results  from a pre- 
scribed  frequency domain error.     The  analysis is nearly exact   for amplitude 
distortions less than one neper,   and phase distortions  less  than one  radian. 
These conditions generally prevail in a practical wide-band radar system. 
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Wheeler's paired echo theory predicts that the effect of a sinusoidal 
amplitude or phase error is to cause symmetrically displaced echoes or 
replicas of the main signal to appear on either side of the main pulse.  The 
spacing of the echoes from the center of the main pulse is, in time, equal 
to the reciprocal of the period (frequency) of the error.  The magnitude of 
the echo is proportional to the error amplitude.  The theory further 
predicts that amplitude errors give rise to even symmetry in the output 
echoes, while phase errors result in echoes having odd symmetry.  The 
"paired-echo" theory is illustrated in Figure 4-17 for several cases of 
amplitude and phase distortion. 

Figure 4-18 shows the relationship between amplitude and phase errors 
and paired echo sidelobe level.  The sidelobe level is shown as a function 
of the peak deviation of a sinusoidal distortion of amplitude and phase.  It 
is interesting to note that if the amplitude and phase distortions are 
expressed in nepers and radians, respectively, then equal errors result in 
equal amplitude echoes.  For example, a peak error of 0.1 radians or nepers 
results in a -25 db sidelobe. 

4.5.3 Electrical Parameters 

The main electrical parameters of the transversal equalizer are sum- 
marized below: 

Center Frequency 

Signal Bandwidth 

Lower 3 db Frequency 

Upper 3 dB Frequency 

Distortion Equalization 

Number of Adjustable Taps 

Tap Spacing 

Equalized Range Window 

Available Range Window 

Main Si)jnal Dex^y Relative 
to Mid-Delay of 18.8 Window 

Maximum Input Power 
(1 dB compression) 

Gain  (main channel) 

Noise Output Power 
(terminated input) 

Tapped Channel Amplitude 
Range 

20 MHz 

2.5 MHz  (max.) 

17.5 MHz 

22.4 MHz 

-40 dB sidelobe level  (for weighted 
signal);  sin x/x envelope +1  dB   (for 
unweighted signal) 

48 In-phase 
48 Quadrature 

0.4 ps 

18.8 ps 

38.0 >is 

-10 }i8, 0, +10|is (Selectable) 

-4 dB m 

4.5 dB 

-81.5  dBm 

-15 dB to greater than 50 dB below 
main lobe 
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Tapped Qiannel Phase Range 

Spurious  Signal Level 

Input VSWR (50 ohms) 

Output VSWR  (50 ohms) 

D.C.  Power 

360" 

-50 dB (max) 

1.15:1 (max) 

1.09:1 (max) 

+28 vdc @ 2.6 amps 
+20 vdc @ 0.1 amps 
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SECTION 5 

SUMMARY Aim CONCLUSIONS 

The RADC SOI Test Facility has been upgraded to provide  the 500 MHz 
capability  that was originally part of the  design specifications.    Due  to 
the critical  performance  specifications  of  components,  such  as  the UP/DOWN 
converters and the Pulse Compression Network, the vendors failed to meet their 
delivery schedules and an overall real world system derjons trat ion could 
not be made prior to contract  completion. 

However, all the subsystem testing indicated that the facility has the 
inherent capability to provide low sidelobe levels with a 500 MHz bandwidth 
and con be used as a wideband CONUS SOI facility as required by the USAF. 
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