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SECTION 1
REPORT SUMMARY

During the period January 1973 to May 1974, RCA Corporation, in conjunc-
tion with Riverside Research Institute and the Rome Air Development Center,
was engaged in a program 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 cormponents
that were purchased by RADC and to supply a low-jitter master synchronizer.
This necessitated the purchase by RCA of the components and cehinets necessary
to complete this integration effort, In addition an RF computer-controlled
checkout system for system calibration was designed and instelled.

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 MHz bandwidth radar that operates at S Rand
(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 perforrmed prior to contract completion.

One of the most critical components is the wide band sweeper (500 MHz
BW at 2,46 GHz), The original sweeper used a Voltage-tuned magnetron with
& l-watt output. These tubes are obsolete and no longer available from the
vendor, RCA developed a solid-state sweeper to allow the prozram 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 antcnna was environmentally controlled; a wideband
solid-sctate sweeper was built and installed in this room and the transmitter
pulse width was widened to 40 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,




—— ’ W e

Vendor-Supplied Components (SECTION 4)

The inclusion of this section is to provide a collated summary of the
key features of the various key vendor-supplied components, The individual
vendors each supplied their own instruction handbooks and the data in this
section is intended to provide an overview of all thiese items which were
supplied by five different companies,

This section presents a brief summary of the contract with conclusions

|
|
Conclusions (SECTION 5)
drawn from the efforts performed,

During the program a total of 14 Progrem 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
docurents; copies will be supplied by RCA to the interested reader upon
inquiry to the authors.




SECTION 2
SYSTEM IMPROVEMENTS

2.1 General, In a wide band pulse compression radar such 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 amplitude
ripple or flatness and phasi ripple or linearity., As Klauder has shown
by his paired-echo concept,™ the level of time-sidelobes in a chirped
redar 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 VSWR; and VSWR2, respectively,

As en example, it can be seen that to achieve time-sidelobe levels of
Lodb, 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 LOdb Sidelobe Level.

In the case of unequal VSWR's, one can either predict the VSWR of the
second compouent 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-sidelcbe 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 cen
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 lLoops. Basically, three internal test loops have been incor-
porated into the radar system, to allow system calibration and adjustment as
well as monitoring performance aud locating defective components. These
three loops operate at 1) 3350 Miz Fos with a 500 MHz chirped 4O usecond
pulse, 2) 950 Miz, with a 2.5 Miz chirped pulse and 3) 45 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 “rHEORY 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 2.4 is a block diagram
of the 3.35 GHz swept signal and noise test loop.

Each of the switehes shown in Figure 2.4 ear be actuated either by the
system computer or by manual switeh. They are ccaneeted normaily in the
fail-safe mode; 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, Sk, S5, S and S7, with
83 in the "off" position., RMS noise value is measured at the video end of
the receiver., 83 is then energized, firing the noise souree, and another
rea’ling taken of the noise power at the same point in the receiver, The
output attenuator is then adjusted until the noise power reading with the
sourece "ON", is the same as that with source "OFF", 'The change in attenuation
is the "Y" factor, and Noise Figure ecan be computed from the following rela-
tion:

5?2-1 . Where ENR is the effective excess noise

F(db) = 10 log

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

To measure sensitivity, the test signal at 3350 Miz is iijeeted into
the pre-amp by energizing Sl 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,
Seeondly, a test signal is injeeted into the receiver and stepped eloser
in range until its level as measured at the receiver cutput 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, prineipally the T-R tube,

For the first IF and seecond IT test targets, a frequency synthesizer is
used to effect a slope reversal of the dispersed pulse and 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 eomputer commands
the programmeble attenuators normally used for AGC in the vertieal end hori-
zontael IF channels to simulate a target varying in amplitude.

Sinee the synthesizer is eontrollsble in steps as small as 0.0l eyele, |
the test target can be used for phase measurements and ealibrations as well {
as amplitude measurements and calibrations.

The W5-megahertz test-target generator bloek diegram is shown in
Figure 2.5.
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The first IF, centered at 950 MHz, receives its test target signal from
the up converter, where the U5 Miz computer-controlled signal is mixed with
995 MHz. A sample of this signal is taken by means of & 10 db direetional
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, the test facility had
utilized a voltare-tuned magnetron as the source for the 500 IMHz-

bandwidth FM chirp pulse. This approach was found to be inadequate
for several reasons: 1) the tube and associated cireuitry were optimized for

250 111z Bandwidtih overation; 2) magnetrons themselves are inherently unstable;
3) to increase the bandwidih to tie necessary 500 lilz, the voltege ramps

would have to be rmodified to produce sawtooths ranging as high as 500 volts
peak-to-peak, inereasing the probability of EMI; h) space required for the
VIM configuration was quite large ereating a physical space problem; 5) the
tube used is obsolete and recngineering would be required to use an alternate
type.

In view of the above, a solid-state voltage-controlled sweeper was pro-
cured by RADC, but due to nurerous difficulties by the supplier, it was
decided to desipgn an interim, open-loop sweeper in order to eomplete the
installation and to conduet tests using external as well as internal targets,

Because of the laek of time and money, an approach was taken that would
most expeditiously tie the radar tocether as a systen, albeit with reduced
performance. Henee, a solid-state voltage-controlled oseilletor was ordered
from Solid State Technology and incorporated into a three-bandvwidth sweeper
centered at 2.4 GHz,

Date taken on the VCO indieated less than 1% (0,7%) deviation from
linearity of the voltage/frequeney charaeteristies as shown in Figure 2: T
Plotted from the data taken in Table 2.1. Although this data was taken
passively, in the CW mode, the aceuracy of the linearity was eorroborated
by a dynamie Linearity leasuring Teehnique described in FOM-17, Reference 3.

The VCO characteristies are: 1) Linearity (frequency versus voltage) - 0,6%;

2) Arplitude Ripple (flatness) +0.3 db; 3) Power Output: +23dbm; L) Voltage
Sensitivity: 125 KHz/millivolt,

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

2.k Ranpe Tracker Look-Ahead, Beeause of the limitations of the
existing rance tracker, a look-ahead Scheme was developed ‘o allow lock-on
of the target in the wideband mode, Its operation is as follows: after
acquisition of the target in the CW mode, the system reverts to an inter-
laced mode, where the CW signal is radiated for angle-tracking purposes
vhile every other radiated pulse is one of the three selected bandwidths,

5 MHz, 50}z or 500i0lz., Sinee 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 suffieiently reduced when the bandwidth was inereased to
provide a narrower range window,

10
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TABIE 2-1 SOLID-STATE VCO PERFORMANCE DATA

SSV - 0206 LI, Serial Number I

VOLTS | FREQUELCY [ VOLTS |FaoQUENCY | VOLTS FREQUERCY | VOLTS| FREQUENCY
.150 | 2059.28 | 1.45 2221,16 | 2,75 | 2373.32 | 4,05 | 2543.73
.20 20065 .66 1.50 2226, 42 2.80 2380.69 4.10 2549,64
.25 2071.%0 1.%% 2231.67 2,85 2387.65 4.15 2556.23
.30 2077.46 1.60 2236.63 2,90 2394,93 4,20 2562,34
.35 2083,40 1.65 22,71 2.95 | 2403.33 4,25 2568.54
ho 2090,10 1.70 224G, 34 .00 | 2h11.01 4,30 | 2574.75
45 2095,55 .75 2251,84 3.5 2419.11 4,35 2581,29
.50 210%,20 1.80 2258,30 3.10 2k25,15 4,40 2587.71
.55 2111,32 1,85 2263,h0 3.15 229,99 L, 45 2594,33
.60 218,51 1.90 2208.06 3.20 2h35.63 4.50 2601.16
.65 2125.10 1.95 2273.32 3.25 2hh2 42 k.55 2609.18
.70 2131.63 2.00 2276.40 3.30 2450141 4,60 2616.03
7] 2137.55 2.05 2283,82 3935 240,60 4.65 262347
.80 2143,05 2.10 2289,30 3.40 2469.59 4.70 2630.76

! .85 218,01 | 2.15 229%.,96 | 3.45 | 2W77.51 | 4.75 | 2638.25
.90 2154,19 2.70 2301.76 3.50 2483,83 4,80 2645.97

.95 2160,25 2.25 2307.96 343% 24€9,53 4,85 2653.48

1.00 2166,95 2.30 2314,14 3.60 | 2494,8Y4 4,90 2€62.16

: 1.05 2173.20 | 2.35 2320,57 3.65 2500.13 4,95 2669,80

1.10 2179.52 2.40 2326,18 3.70 2508,48 5,00 2677.72

1.15 2185.78 2.45 2333.0h4 35 2510.71 5.05 2666,29

1.20 2191.83 | 2.50 2339.26 3.80 | 2515.92 5.10 | 2693.81

1.25 2197.73 | 2.55 2345.59 | 3.85 | 2521.27 | 5.15 | 2703.12

1.30 2203.66 2.60 2352.00 3.90 2526, 77 5.20 2711.45

1.35 2209.48 2,65 2359.55 3.95 2532,57 5.25 2721,82

1.40 2215.15 2.70 2366.16 4,00 | 2538,14 5.30 | 2729.54




The look-zhead feature allows the radar to track in one mode » S8y 5 MHz,
while displaying the video of the next wider bandwidth (50 MHz), Any range
error observed in the wider bandwidth is removed by means of a "joy-stick"
with memory, so that the "look-shead" terget is centered in the range vindow,
When the range error is suffieiently reduced, the 50 MHz bandwidth is selected
for range tracking and the 500 MHz is displayed in look-shead fashion. The
process is repeated until the target is locked in range in the widest band-
width {(narrovest range window).

2.5 Proprammable AGC. The receiver AGC was modified to allow 95-db
dynamie range in i-db steps insertable automatieally by the computer, This
is an improverment in the dynamie range of 35 db over the former scheme.
Added are a svitehable 32-db attenuator ahead of the RF pre-amp to prevent
satwration of the front-end on strong signals, and a T91 compatible progrmn -
mable ecttenuator ranufactured by Daico I.dvstries in the 45-10{z IF, Both
of the attenuators have switching times of about 10 usec, so they can be
switehed at a PRF rate if necessary, as may be the case in rapidly tumbling
spaee 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 Vavemuide Dispersion Correction. According to Elliottl, Phase
veloeity in a wavepuide is a nonlinecr fwunetion of frequeney and thus causes
dispersion of the spectral cormponents in the pulse waveform, In one assumes
that in most practieal cases, the phase con~tant is a quadratie funetion of
then B(w), the phase constant can be expressed by:

Bw) = 297 . VoP -

N 2 (1)

vhere, 7\3 is the guide wavelength at the angular frequency w and ¢¥=

e
with i and e the permeability and permittivity, respeetively, of the mediums -
filling the guide, W, is the eut off anguler frequency of the particular
mode being considered,

1, "Pulse Waveform Degradation Due to Dispersion in Waveguide",
IRE Transactions on Microwave Theory and Techniques,
Oetober 1957 - pp. 254-257,

1k




Eq (1) can be expanded in a Taylor's series about the angular frequency
Wo, Biving

5 -2
B = . - ,)—,9 (-] - & 9 [ (2)

3
) [.J-tJﬂ] o
2 \/‘B.,'J

It is epparent from (1) and (2) that B(«) is not a linear function of
W, Thus, the Fourier cormponents of a dulse travelling down the waveguide
are dispersed, and the exit waveforn is degraded. The amount of degrada-
tion depuads on the Fourier composition of the waveform, the length "L"
of the : m of wavesuide, and the rapidity of convergence of the series (2).

A convenient mcthod of eorpensation for the dispersive effects of the
waveguide run is to run the wide band L.O, signal through an equivalent

length of wavegsuide, thus equalizing the instenteneous time delay throughout
the pulse,

Equution (1) can be rewritten to

plad = L [ @*-0F - 4 ()
c .

vhere L = length of guide, ¢ = speed of light,

The equivalent instantancous time delay is:

Yool -L (I %’)'% @)

l. ¢ q,,%]_, , Hen: 4 )
(4

te -k (1= ) F




The rate of change of delay with the f{requency variable is:

LY - L (1--7) “

S;.I-((’ QL = M)( ‘1 v

-

. ~de"  Hlen
& 7 daD o) !

A7, Lo 2t(-)7F ()

A length of WR340, having an 0, of 1.737 GHz will be calculated to
provide the corirection due to 30 feet of WR28L4 in the transmit .path, WR28k
has an W, of 2,08 CHz,

&)
L, =036 L, =0:36x 30ft - 10.8 f¢ (1o)

Thus 10,8 feet of WR34O was inserted in the L.0. line to effect the
compensation,

A plot of the change in time delay due to both lengths of guide as
well as the equalizing effect of the corrective guide shows that a 4-nano-
second dispersion is reduced to approximately 320 picoseconds (Reference 2),
In corroboration, a 0.2-nanosecond pulsc 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 wvaveguide assembly as well as
an outline sketch of the mechanical configuration,
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SPECIFICATION CFC 618731
WAVEGUIDE ASSEMBLY

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

Operating Frequency - 2.4 GHz nominal,

Bandwidth - 2.15 to 2.65 GHz.

Waveguide: WR 340 (Aluminum).

Connectors: Type N, Jack.

Flanges: Optional.

VSWR: 1.2 or less over band.

Paint: White all over except connectors.

Configuration: See Figure 2.8
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When internal test targets are us2:d, (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 Oscillator:, 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 systen be replaced by
phase-locked oscillators, These are the 880 MHz, 995 MHz and 2.4 GHz

multipliers which have multiplier constants derived from 5 MHz, of 176X,
199X and 480X, 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 44,9 db, 45,9 db and 53.6 db respectively for
the three multipliers. Since the 5-MHz source noise was down sbout 110 db,
the degradation resulted in marginel performance if 40 db time sidelobes
are to be attained,

The principal benefits from multiplier replacement are: 1) the "FM
Noise" or deviation of the carrier is at least phase reclated 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-phase noise ratios of greater than 85 db were attained
with the phase-locked oscillators provided,




SECTION 3
SITE TECHNICAL ACTIVITY

Introduetion. This ceetion of the report isc structured to deseribe the
site activity whieh performed the detailed mechanieel design and construction
of the eabinets to accommodate the new major ascemblies and their supporting
equipment in addition to a development program for the wide band sweeper and
an extensive set of measurerments designed to optimize transmitter performance
and convert it to 40 usec operation.

3.1 System, Hardvare Configuration,

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

The 3350 Mz signal returns in vertical and horizontal (V&H) are supplied
to this unit from the duplever assemblies, The wide band ramp from Unit Tk
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 MHz and 950 MHz can also be inserted by using
switehes SW1 and SW3 and Al, AS, respectively., SW2 and SWh 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 frequeney shifted to
remove the doppler shift on the returns.

Th's results in a 2.5 Miz Bandwidth IF at 45 }MHz that is cabled from
the r-uestal Lo the low level signal proecessing system located at ground
J"Velo

This bloek diagrem is showm in Figure 3.2, The pulse compression net-
vork is used both for transmission and reeeption, During transmit the unit
is impulsed and uses the site 5 Mz reference to generate a 45 Miz pulse
with & 2,5 Miz 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& signals and eeonomize in delay lines, these funetions
are time multiplexed by the use of fixed delay lines (80 and 130 usees) in
each receiver line., This ecauses the horizontal to be proeessed into the input
port J3 50 usec leter than the vertieal receiver signal,

Following compression within the PC network the targ~i{ data is outputted
from J4; meanvhile & 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 23ALA6 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 segregated into two main areas, aequsition and test.

3.1.2,1 Aecquisition Modes. Figure 3.3 shows the various system modes.
ACQ 1 is the basie acquisition with system unlocked and the antenna pointed
by the computer. ACQ 2 is a standard angle-and-range traek with no chirp
transmission.

By selecting the display funetion every eighth pulse will receive
narrow band ehirp using the pulse compression network, This allows a
"look-ahead" to determine if the range error is small enough to eapture
the target in 2.5 Miz chirp. Vhen the 2.5 Miz mode is ensbled the system
interlaces one pulse CW for angle tracking and one pulse 2.5 MHz for range
tracking. When the look ahead display is enebled in this mode every eighth
pulse is ehirped to 5 Miz. A varisble range bias can be preset to eorreet
for timing and transition errors and afford a high probeuility of acquisition
as the compression is inereased from 2.5 to 5 Miz.

This proeess eontinues through 50 and 500 MHz until the system is
interleaving CW and 500 Mz ehirp 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 eheekout and systems ealibration facility
using the PDPl eomputer., This system would also be applicaole to any other
suitable eomputer system such a3 a Sigma 5.

Figure 3.4 is ineluded for reference ;urposes and shows the effeetive
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 eontrol word formats from the PDP1l that enable
the various eommands listed to be performed either manually or under program
control. These tests were assembled in a logiecal pattern to exereise the
system under program control end are shown in Figure 3.6. Vhere these called
for a repeated set of what were virtually subroutines, these are identified
as Sequence A Closed-Loop Tests as deseribed 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 74 in the new room).

The only significant item not shown is the Synchronizei: whieh is located
in cabinet 30.

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

FEET

KILOMETERS

= O

0,000390625
0.00078125
0,001562

L} 1914
.388
76

0.,00005
0.000103
0.000236

WV W

0.003125
0,00625
0.0125

10 55?
3.10+
6.208

0.000473
0.0009461
0.0018922

O3 O

ooo0
= OO
N R

12,16
24,832
49,664

0.00378h4
0.0075688
0.C151376

99.328
198,656
397.312

0.0302752
0.0605503
0.121101

ER

1

794 624
1589,248
3178.496

0.242201
0. 484403
0.968806

15
16
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6356.992
12713,984
25427,9G8

1.937611
3.875222
7.750445

18

19
20

50855.936
101711872
203423, 744

15.500889
31.00178
62,00356

2l
22

23

Lo6847,488

813795.976
1627591.952

124,00711
2L48,0h501
496,09003

24

3255183.904

992, 18005

Figure 3.4 Bit Values for the 5K Pegister
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TEST

Address System Test "ON".

2., Address Noise Source "ON",

3. Address Waveguide Switch CMD '"ON",
4. Address Noise Test CMD "ON".,

5. Set AGC Controls to "AUTO",

6. Start D,H.E,

7. Run Sequence "Al",

] 8. Address Noise Test CMD "OFF".

9. Address Noise Source "OFF'",

10. Acddress U45 MHz Test CMD "ON",
1. Run Sequence Al - All,

12, Address 45 MHz Test CMD "OFF",
13. Address 950 Miz Test CMD "ON",
14, Run Sequence Al-All,

15. Address 950 MHz Test CMD "OFF".
16, Address 3.35 GHz Test CMD "6N".
17. Run Sequence Al-All,

18. Address +32 db VERT "ON",

19. Address +32 db HORIZ "ON".

20, Run Sequence A-1,

2)l, Address +32 db VERT "OFF".

22, Address +32 db HORIZ "OFF".

23. Run Sequence A-1,

24, Address Waveguide CORR CMD "OFF".

Figure 3.6 Test Sequence
27




r———f—_—_—%

TEST - (Continued)

25. Run Sequence Al-All,

26. Address Waveguide CORR CMD "OFF".
27. Stop DHE,

28. Seu AGC to MAN (MAX ATTN).

29, Start DHE,

30. Repeat Steps 12 - 26,

31. Address System Test "OFF".

1 32, Reset FREQUENCY.

33. Reset ATTENUATION,

TEST COMPLETE.

Figure 3,6 Test Sequence (continued)
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1.

9.

10.

Set ATTENUATION
SWEEP FREQUENCY

Set ATTENUATION
from 26,224 Mz

Set ATTENUATION
from 23,776 Miz

Set ATTENUATION
from 26,224 Miz

Set ATTENUATION
from 23,776 MHz

Set ATTENUATION
from 26,224 VHz

Set ATTENUATION
from 23,776 Miz

Set ATTENUATION
from 26,224 MHz

Set ATTENUATION
from 23,776 MHz

Set ATTENUATION
from 26,224 MHz

Set ATTENUATION
from 23,776 MHz

to "0" db, and FREQUENCY to 23,776 MHz and
in 36 KHz steps from 23.776 Miz to 26,22l MHz.

to "6" db and SWEEP FREQUENCY in 36 KHz steps
to 23.T76 Miz,

to "12" db and SWEEP FREQUENCY in 36 KHz steps

to 26.22L4 MHz,

to 18" db and SWEEP FREQUENCY in 36 KHz steps

to 23,776 Mz,

to 24 db and SWEEP FREQUENCY in 36 KHz steps
to 26,224 Miz.

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 26.22L4 MHz.

to 42 db and STEP FREQUENCY in 36 KHz steps
to 230776 MHZ.

to 48 db and STEP FREQUENCY in 36 KHz steps
to 26.224 Mz, :

to 54 db and STEP FREQUENCY in 36 KHz steps
to 23,776 MHz.

to 60 db and STEP FREQUENCY in 36 KHz steps
to 26.22u4 MHz,

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

TIME MULTIPLEXER

PULSE COMPRESSION NETWORK

TRANSVERSAL EQUALIZER

A8

Figure 3.8 Wideband Compression Cabinet - Unit 23




RECEIVER AND SIMULATOR

CONTROL PANEL

45 MHz SIMULATOR

FREQUENCY SYNTHESIZER

FREQUENCY COHO

INTERCOM AS

]
Figure 3.9 Unit 31 Layout 1
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RF UPCONVERTER
+ § LOCK 0SC

SAMPLE AND HOLD
+ RAMP GENERATOR

Ak

WAVEGUIDE DISPERSION ASSY,

Figure 3.10 Exciter Cabinet - Unit Th
32




NOISE AND 3.35 GHz
TEST SWITCHING A
t
-. VERTICAL & HORIZONTAL
[ WIDEBAND RECEIVER
: A2
BLANK
A3
BLANK
Al
VERTICAL & HORIZONTAL
WIDEBAND I.F, A5
I.F, COHO
A6
NARROW BAND RECEIVER
AT
POWER SUPPLY
A8
POWER SUPPLIES
A9
BLOWER
A0
HOR, & VERT, TEST/AGC SW,

Figure 3,11 Unit 77 Layout
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3.2 Wideband Sweeper.

3.2.1 RF Subsystem.

Generel Description, A block diagram of the wideband sweeper subsystem
] a8 firnally implemented appears in Figure 3,12, The VCO is driven by the
voltege ramp generator which generates a linear sawtooth and sums it with

a sampled pacsive correction signal to provide an ultra-linear frequency/

] voltage characteristic 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 2.4 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 2,4 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 2.4 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 o

Where A and B are the two input signals whose amplitude is held constant
by driving the mixer to the point of saturation, and @ 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 tfacility radar the transmitted

signal in the data mode is a down-chirped FM waveform of three possible
bandwidths, 5 MHz, SOMHz or 500 Miz, each 4O microseconds in duration.
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In ordes to optimize the linear output of the sweeper, the varactor is
driven by a greater voltage swing than is utilized, namely 42 microseconds,
the output being subsequently gated further in the system by a 40 micro-
second gate in the upconverters and downconverters.,

As can be scen from Figure 2.7 the frequency/voltage characteristic
of the voltage oscillator deviates from a perfectly straight line by less
than 1%. However, this is not sufficiently linear to produce time side-
lobes in the 30-40 db arca, particularly vhen 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
gerics of 50 voltage steps, cach 800 nanoseconds wide, and adjusted in level
so 83 to compensatc for VCO nonlinecarity at a particular point in time.

The stepped curve in Figure 2.7 labeled "Passive Slope Corrcction" is
the calculated correction derived from the actual voltage/frequency charac-
teristic of the VCO. The photographs in Figure 3.13 show the actual S0
voltage steps applied to the VCO in open-loop fashion along with the summed
output of the voltage ramp generator. The rather close correlation of the
computed correcction with the actual correction inserted into the VCO can be
seen by comparison of these tvo pieces of data.

The net result was an achievement of 25 db time sidelobes of the trans-
mitted waveform when obscrved as noted on the block diagram of the sweeper.
Photographs of two waveforms are shown in Figure 3.14, The top one is
the spectral response of the weighted output of a gated reference oscillator
tuned to the same freguency as that obtaincd by comparing the chirp waveform
with a replica of itself delaycd by 62 nanoseconds.,

The weighting function was a cosinc-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, f},, 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 dcemed pertinent at this point to discuss some
of the accuracy rcquirements for the wideband swcep generator used at the
test facility.

The useful functioning of the test facility wideband signal processing
approach relies on two fundamental facts: 1) interest is limited to targets
appearing in a 100 foot (30 meter) range window, and 2) the target of
jnterest is in preccision range track.
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S ST

5 usec/cm
Sweep with Correction and Gate
1lv/em

Figure 3.13 VCO Waveform
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Figure 3,14

VCO Spectrum

Gated Sine Wave Spectrum

VCO and Gated Sine Wave Spectra

38



The 100-foot range window is divided into 100 range cells,

2 nenoseconds of range (time) resolution. Range (time) resolut
ponds to the inverse of the RF swept bandwi

each representing

ion corres-
dth of the target return

1
(536 MHz = 2 nanoseconds), The corresponding spectral width is

cal of the uncompressed pulse ( .__i____ = 25 KHz), Thus each range cell
usec

represents a frequency increment of 25 KHz,

the recipro-

Figures 3,15 and 3.16 illustrate the principle of operation of the
Floyd Site Radar Bandwidth compression method. At transmit time, the FMIO
produces a linear frequency ramp having a center
an excursion of 497.5 megahertz and a time durati
signal is then mixed with another sicnal centered

excursion of 2,5 Miz, amplified and radiated towar
8’ fo = 3.35 GHz,

on of 40 microseconds., This
at 950 MHz and a frequency
d the target as RF energy

At echo-receive time (as predicted by a precision range tracker) the
MO is again triggercd, producing a reference or correlation ramp identical
to the transmit 1amp, but offset from it by the firsc IF, 950 MHz, The
reference ramp (fy = 2.4 GHz) is applied to the local oscillator port of the
correlation mixer, The received turget echo ramp is applied to the signal
port of the correlation mixer., The output of the correlation mixer is g
40 microsecond wide pulscd sinusoid having a center frequency of 950 MHz

end a frequency excursion of +1.25 Mz, This is showm as waveform B in
Figure 3,16,

As an example, let us consider 8 target 15 meters closer or farther
in range than thut which prroduced time-coincident signal and reference ramps.
This target will generate an echo ramp displaced in time by +100 nanoseconds
with respect to the reference remp, Because both ramps have a slope = 12,5
Miz/usec (12,4375 MHz/usec for the reference ramp), the + nanosecond time

(or range) offset produces a corresponding frequency offset of +1.25 MHz in
the center frequency of the signal at the correlation mixer output, The
sign of the 1.25 Miz offset is dependert on the direction of the range offset,

Thus, the correlation process translates differences in target range

into differences in frequency within the pulseu ramps at the correlation
mixer output, Targets in the range window separated by 1/3 meter (2 nano-

seconds) produce pulsed ramps whose center frequencies differ by 25 KHz,
This can be seen in Figure 3.16

width signal is thus preserved
%0 microsecond pulses, (Note t
25 KHz), The frequency/time co

in the form of frequency separation tetween
hat the spectral width of a 40 usec pulse is
nversion factor is 12,5 KHz/nsec,

It should be noted that although the bandwidth of
at the correlation mixer output is only 25 KNz,

distributed across the 30 meter range window occ

any one target signal
the composite of signals




ST°E aan3vy
SWRYDS uoYssaxdmo) WIpTMpwed Jepey A3TTTORI 389L ST €

EFT ...\n.T

I—/Hﬁ_rhnm L_N_I

EFTREE Y
IFI2% iy
S LNWISL AT F T2 -2
TENNS RNwS2 F .
ZNw S»
OTwd
AW SL Iz
uﬁ.-...._____.,nf_ ZNDH-Z
thwesz F
z .
INw o527 F L "D S55-¢ S
= PRI T4E -
IND s55
L T

ANWSEZ:) ¥ Lrwosg




3350 mMuy

Soo Maz 8w TRANSM T

33S0oMYZ

£ ap 2

CA)

A

Qsomuz

7

=2 NS€e TARCET RetTvn S

AT INPOT 7o cortctaTrion
Mixce,

+2Wsec CC’ )

Figure 3.16

-2SKU2 TARGET RcTvewsS

AT OUTAT OF CoRPEIATION

Miyep
25 KNP '

o CB)

vy

Signals at Mixer Ports

41




e ——

Now then, in view of the above, let us consider the accuracy with which
successive ramps m'st be reproduced. Figure 3,17 illustrates a typical case
of wideband target return in one of the range cells, In the wideband mode of
operation, the range tracker operates in the centroid mode; that is, the

position of the range gate is muintained on the electrical center of gravity
of the target.

If the frequency of a successive ramp differs from the previous by
+25 KHz the target will Jurp into an adjacent range cell; hence the energy
in the cell where 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 Kiz.

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 echoes 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 range Jjitter. The
tolerance specified for the FMLO sweeper is +0.39 nanoseconds, which is some-
what less than one-fifth of a range cell,

This may seem unnecessarily stringent in view of the one-third range
cell constraint on frequency. However, in this case, the tolerance on the
generation of the impulse itself is +0.2 nanoseconds. Thus the composite
peek to peak time jitter is +.59 nanSSeconds, 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:

2
Jitter = \/(0.39)2 + (0.2) + (.6&)2 = 0,78 nsec RMS
(RS)

The RMS jitter then extends co slightly more than one-third of a range cell
and erphasizes the need for taking extra precautions in eliminating all
sources of instability. Thus, the entire Sveeper, 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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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
mcans of a four-way 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 MIK 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 mixer represents a beat frequency between the two ramps as
follows:

Ty =gt o P (1)

where BW is the 500 Miz swept bandwidth of the system; T is the pulse
width, U0 microseconds; and 7 is the time delay presented by the delay line,

The output frequency, then, is -

6

00 10 =

fb = .5__x__ x61x109
40 x 10-6

762.5 XHz

A photograph of the gated output of the fi mixer prior to limiting is shown
in Figure 3.19.

Coarse adjustment of the 50 voltege steps (sample-and-hold outputs) is
accomplished by comparing this waveform with the output of the gated refer-
ence oscilletor (tuned to 762.5 KHz) on an oscilloscope. The two waveforms
are aligned so that the peaks arc 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 136 degrees, This, of course, is inadequate as it would produce sidelobes
ncar 10 db. Hence, a fine tuning alignment is accomplished by phase dctecting
the gated refcrence oscillator output and the beat frequency, fy,, resulting
in a phase ripple of about two to threc degrees, representing sidelobes
in the order of 32 db, Figure 3.20 shows the VCO correction.

A delay linc of 61 nanoscconds was used in this interim sweeper out of
expediency. Had the program allowed the design of a true closed loop system,
e longer delay would have been uscd based on the relationship developed by
A. G, Cressanthis of RCA, lMoorestown in thc following fashion:

The phase function for a linear FM ramp with initial frequency

£, =W, /? IMis:

ge) = o 2 40t (1)

hh




(a) Sweep Generator Mixer Output

Figure 3.19

(b) Cosine on Pedestal

Sweep Generator Mixer O/P and Cosine on Pedest
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ITigure 3.20

2 usec/DIV & .2V/Div

Sample and Hold VCO Correction

5 usec/DIV & .2V/Div




The phase difference between the ramp and the ramp delayed by T is:

B =ro 12 + Wt -[n' t- > ,(t -rzl (2)

b ATty 27 sw o (3)

d¢b B

if we define Wy = _° = 277

9

then £, = Wh

— =

2w T
fy, is 1he beat frequency out of the mixer and the pulsed oscillator
frequency.

fr is selected to equal fy .

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

Using (1)

Bnel)p- § (NP=72 (1) 9% 40, (W1)7

(5)
B2
TN W) N

B, 2 B_2
gOw1)r- g =Ag = 2N P +Mgp W (6)
In order that the phase of the mixer 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:

4 $=2mn (7)




Now from (6) and (7)

B 2 _p.2
2Wn = 2N 7/ + Wz P + ¥ ¥

(8)

B 2 B A2
orn=Ngp + 1250 +f

B _2
For (8) to be true for all values of N, 7Y must be an integer.

If we consider the special case

vwhere .1'13_‘?2 =1 (9)
-6
T 2
then M2 =2 O X207 40y 107t
500 x 106
& = 283 x 10™2 = 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/fz/
and matching the phase function in (1) at least at times nT.

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

B :
£y = 2o s 283 x 107 . 3,54 Mz

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

Figure 3.1% shows the result of applying the weighting function to
either the gatcd reference oscillator output, or fb as the case may be,

Preadjustment of the weighting filter is done by connecting the gated
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