
1,124,266                                        5  includes diodes 120 and
121 forming an  conductive, the clock pulses from terminal input switch.
The common juncture be-  141 successively shift conduction between
tween  diodes 120 and 121 is connected to  the various  bistable
multivibrators. When         diode switches 122 and 123. Delay line 111
the output of the converter 153 equals the      5 is connected to diode 123
and thence, by  reference voltage on  channel 35, the AND  70         way
of diode 124  and condenser 125, to the  gate 142 discontinues transmission
of the         input channel 126  leading to the second clock pulses and
the desired delay is then         stage of the phase shifter 31. The diode
122  fixed in the phase  shift unit 31. There-         is connected by way
of condenser 127 to  after, the simultaneous application of the     10
channel 126.  The switches 122, 123, and  RF carrier pulse and the phase
control car- 75     124 are selectively biased under the control rier pulse
to terminals 33 and 83, respec-          of a bistable multivibrator 128. A
second  tively, will produce  a  pulse  of 2.25          muitivibrator  129
controls  transmission  Gc at the output of the tuned circuit 102
through, or the bypass channel for, the sec-  in the mixer 85. The phase of
the 2.250 Gc      15 ond delay line 112. Multivibrators 130, 131, signal at
circuit 102 is equal to the phase 80          and 132 similarly control
inclusion or dele-  delay in the unit 31.          tion of lines 113, 114,
and 115, respectively,   The signal from mixer 85 is then applied
from the transmission channel for the 125  to the power amplifier 30 for
delivery of          Mc phase control carrier. A sixth multi-  about two
watts peak power at 2.25 Gc      20 vibrator 133 is connected to the output
of  to the input of the frequency multiplier 86. 85          multivibrator
132 and in turn feeds a TR  The multiplier 86' consists of resonant cir-
switch comprised of diodes 137 and 138.   cuits in which a diode 160 is the
active ele-            The switch control line 140 leading to the  ment.
The multiplier is a quadrupler for          multivibrator 128 is supplied
from a clock  delivery to the output channel 161 of a pulse      25 input
channel 141 at 1 Mc by way of an AND  whose frequency is 9 Gc at a peak
power 90          gate 142. The second terminal of the AND  level of about
one watt. The latter pulse          gate is fed by voltage comparator unit
143. is applied by way of a TR switch diode 162          The line 144 of
multivibrator 128 is con-  to the antenna 87 for radiation at the phase
nected by way of condenser 145 to the input  set by the phase delay unit
31.      30 line 146 of multivibrator 129. Similarly,    Immediately after
pulse transmission from  95           condensers 147-149 connect
multivibrators  the antenna, the control multivibrator 163 for
129-133 in a binary counter configuration. the TR switch 162, 164 changes
state so that           From zero phase delay, the first clock pulse
return sigals detected by the antenna 87 pass           actuates
multivibrator switch' unit 128 to in- through TR switch diode 164 to the
input       35 clude line 111 in the 125 Mc circuit. The  to a mixer 88.
The mixer 88 is supplied 100           second clock pulse actuates units
128 and  with an 8.5 Gc local oscillator signal on           129 to remove
line 111 and to include line  channel 165. The lower side band modula-
112. The third pulse actuates unit 128 to  tion product at 500 Mc is
applied to the IF           include line  111 with line 112. The fourth
preamplifier 89. The latter signal then       40 pulse actuates units 128,
129, and 130 to  passes through the switch diode 138 and the 105
remove lines 111 and 112 and to include  phase shift unit 31 where the
signal under-            line 113. Thus, a digital progression is em-  goes
a delay of four times the delay of the            ployed in increasing the
delay in the delay  phase control carrier. This is with the same
line unit,                                 delay unit setting as employed
during the        45   The multivibrator 128 is coupled by way  transmit
operation. The delay IF signal 110            of lines 151 and 152 to a
digital-to-analog then passes through the output switch diode
converter 153. Similarly, all of the other  121 to the output channel 34
leading to the            multivibrators are coupled to the digital-
manifold.  While not shown, control units            to-analog converter so
that the state of the  for TR switch  120, 121 and TR switch 137,        50
switching networks is indicated by an analog  138 will provide bias
voltages therefor in the 115            signal on the output line 154.
Switch unit  same manner as the bias is supplied TR            133, while
introducing no delay, applies  cur-  switch 162, 164.            rent to
converter 153 proportional to 360   More particularly, it will be recalled
that 



phase delay so that  the line switching se-  the phase control carrier
applied to terminal         55 quence may continue through two cycles or
83 was at a frequency of 125 Mc, and that 120             7200. The output
signal from  converter  it passed through the phase shift unit 31
153 is applied to the second input of the  to control the phase of the IF
pulse applied             voltage comparator 143.                     to
the antenna 87. Since the multiplier 86               In operation, a
reference voltage repre-  quadruples the frequency, the phase shift
60  sentative of the desired phase delay for  introduced by the unit 31 is
also quadrupled 125             module 14 is applied to the input terminal
in the antenna drive signal as it appears on             35. So long as the
reference voltage ex-  channel 161. Thus, with the output of the
ceeds the output from the converter 153, the  IF preamplifier 89  at 500
Mc, the output             output  from the comparator 143  enables  the
signal on channel 34 will have exactly the         65  AND gate 142. With
the AND gate 142  same phase shift as introduced  into the an- 130        6
1,124,266      tenna drive pulse. Thus, the same phase  vity semiconductor
wafer. The metalized  65-     shift unit is used for both the transmit and
regions 211 and 212 lead to the input por-     the receive cycle and the
beam direction is tions of a hybrid coupler 213. The coupler     the same
for receiving  as for transmitting   213 is provided with parallel sections
214  5   With power amplifier 30 present,  module. and 215 which are about
one-quarter wave-     14 includes its own power generation means length
long and are of a width substantially 70     and thus operates on low level
signals from  greater than the width of the strips 211 and     the
manifold. The circuit 30 raises the  212. Two shunt strips 216 and 217 are
power level by about 20 db in the preampli- spaced   approximately  one
-quarter  wave- 10 fier section 30a, about.6 db in the driver length apart
and extend between sections     30b, and about 4 db in the output section
214 and 215. Output lines 218 and 219 75     30c. By way of example, the
power applied  extend from the coupler 213.     * to the input of the
preamplifier would be    A pair of quarter-wave transformer sec-     about
2 milliwatts (mw) peak or 0.2 mw  tions 220 and 221 extend from the output
15 average power. The signal at the input to  strips 218 and 219,
respectively, and make     the driver 30b would be at about 200 mw  contact
with terminals of surface-oriented  80     peak or 20 mw average. The power
applied  diodes 222 and 223, respectively. Output     to the output stage
would be about 800 mw  conductors  224 and 225 lead from the other     peak
or 80 mw average. The power out- terminals of diodes 222 and 223 to output
20 put from the output stage would be about capacitors 226 and 227 to
provide an output     2 watts peak or 0.2 watts average power. signal at
output terminals 228 and 229.    85     In accordance with the construction
herein-   With strip-line transmission lines over-     after to be
described, the multiplier would  laying the semiconductor wafer 210 and
with     operate to increase the frequency from 2.25  surface-oriented
diodes of a  construction 25 Gc to 9 Gc with an insertion loss of 3db
hereinafter described, a signal in the X-band     to provide one watt peak
power to the an- may be converted to IF  with about a 5 db 90     tenna
87. Thus, the power generation  loss. For example, a 9 Gc signal may  be
chain consists of 3 or 4 amplifier stages at applied to strip 211. A local
oscillator sig     2.25 Gc followed by a quadrupling multi- nal at 8.5 Gc
may be applied to the input 30  plier with an output at 9 Gc.
strip 212. As a result, an  IF signal of 500
Mc is produced at terminals 228 and 229.    95                      MIXER
The surface-oriented diode 222 is illus-       In the system illustrated in
Figure 4, as trated in one form in Figure 6. The wafer     in other
microwave systems where a high-  210, of intrinsic silicon. is provided
with   a     frequency,  low-level return signal is em- ground plane
conductive layer 230. The in 35 ployed, the quality of the receiver largely
trinsic silicon forms a high resistivity zone 100     determines the other
system parameters. For above the ground plane layer 230. An N-
operation at frequencies transmitted by an- type alloyed region 231 and a
P-type alloyed 



tenna element 87, the noise level of the  region 232 are formed in the
surface'of the     mixer 88 presents the principal problem and  wafer 210
opposite the ground plane layer 40 the mixer comprises a critical and
principal 230. A silicon dioxide insulating layer 233 105     component of
the receiver portion of Figure  is formed over the upper surface of wafer
4.                                        -210 to cover the. surface
emergence of the        Mixer 88 converts the received signal to  junctions
forming the boundaries between     a lower frequency preferably with a
mini- the P-type and N-type alloyed sections and 45 mum of added noise. To
optimize the noise  the intrinsic wafer 210. An N-type metal 110      level
for the receiver, both the signal-to- alloy strip 220 is then formed on the
surface      noise ratio of the mixer and the conversion  of the wafer 210
so as to make electrical      loss in the mixer must be as low as possible.
contact with the N-type region 231. A P-      The detected signal from
diode 164 and a  type metal alloy strip 224 is formed on the 50 local
oscillator output signal on line 165 of surface to  make electrical contact
with the 115      Figure 4 are applied to a semiconductor region 232. The
P-type and N-type metal      junction and the difference as IF output alloy
strips 220 and 224 are evaporated onto      signal is extracted.
the surface . through holes in oxide masks        For operation at
frequencies in the X- defined by photolithographic techniques. The  55 band
(i.e. 8.5-10.5 giga hertz), the mixers metal alloy strips are then alloyed
into the 120      illustrated in Figures 5-12 may be em- silicon to produce
the N+ and P+ regions     .      ployed.  Operation thereof is
characterized  between the strips and the N-type and P-      by low  loss.
employing power splitting  type regions 231 and 232. An intrinsic re-
couplers of integrated circuit form.    gion 234 is disposed between the N
and  P  60    More particularly, as shown in Figure 5,  regions, the
boundary junctions of which 125      a semiconductor wafer  210 is provided
with  are shown in dotted outline.      a signal input strip 211 and a
local oscilla - Such fabrication of the surface-oriented      tor input
strip 212. Strips 211 and 212 are  mixer diode is in a form compatible with
metalized regions overlaying a high resisti- the integrated circuit
construction. The
1,124,266      diode is  as a  substantial  improvement. over  of the anode
of  the deep P + diffusion. The           conventional  microwave  mixer
elements.  problem is in defining the I-layer between      Previous mixer
diodes have been of the  the diffusion fronts so that a sufficient cur-
point contact variety in order to  maintain   rent density can be obtained
at reasonable        5  low   junction capacitanace.  The present con-
current levels.  For currents of 20 milli- 70            struction has
achieved junction capacitances  amps  about a 4  square mil area will give
a            of 0.05 pico farads(pf) or less. When biased  current density
of 200 amps per square            by rectification of the  local oscillator
signal  centimetre required for conductivity modu-            to  obtain
the best noise figure, the shunt  lation. An insulating layer 244 covers
the       10  resistance of the junction is approximately  surface of the
water except for metalized  75            400 ohms. In  ordinary mixer
diode con-  contact zones 245 and 246.            figuration, this value
of   resistance is trans-    Surface oriented  diodes of the type illus-
formed to an input impedance  of  about 50  trated in Figures 6 and 7 may
be employed            to 100 ohms by the package inductance and  in the
mixer of Figure 5. Where additional 15  the junction   capacitance. In the
present  current-carrying  capacity  is requiretd  of  80             case,
the  junction diameter  of the diode .is  surface-oriented diodes, as   in
the transmit-             approximately 0.1  mil (0.0001 inch). Pro-
receive switches employed in Figure 4, the             duction of a
semiconductor junction of this  construction such as shown in. Figure 8 may
size  as above noted, employs intrinsic sili  be employed.         20 con
having  side-by-side alloy zones to form   . In Figure 8, the transmission
lines 220 and  85             confronting edge junctions. that will give
224  are shown contacting the diffused zones             the   surface
diode  effect.                241 and 242, respectively.  The diffused
Thhe material required for the integrated  zone  241   has  three  fingers.
The 



circuit preferably will provide a suitable sub-  zone 242 has two fingers
with the fingers         25 strate for microwave strip transmission lines
being enmeshed or interdigitated  to provide 90              and  for
forming the mixer semiconductor  a junction of high current-carrying capa-
junctions  Intrinsic silicon and high resis-  bility.  Such a construction
exhibits low              tivity gallium arsenide may be employed junction
capacitance under moderate re-              for mixer diodes, whereas
germanium has  versed-bias conditions and low loss.          30
characteristics which are not suitable for    Intrinsic silicon as the
substrate material 95             both the microwave strip  transmission
line  for the diodes provides insulation for any             and  the diode
construction. Where ex- number of components deposited upon it
tremely low loss transmission lines are re-  and also provides a low loss
structure. The             quired  low loss dielectrics with deposited
structure is readily adaptable to receive strip         35 silver
conductors are employed. Yttrium-  transmission lines deposited directly
onto 100              iron-garnet (yig) substrates may also be  the
silicon.. In accordance with one mode              employed for  this
purpose.                 of fabrication, a ground plane conductor is
Figure 7 illustrates a modified form  of  evaporated onto the bottom of an
intrinsic              surface-oriented diode wherein side-by-side  silicon
substrate of approximately 5 mils          40 diffusions of
opposite-conductivity type im-  thickness.  Silicon dioxide on  the top is
105               purities are formed on the upper surface of  etched to
expose the silicon where transmis-               an intrinsic silicon wafer
240. The N-type  sion lines are required.  Gold is then evap-
diffusion  zone 214a and the P-type diffusion  orated over the entire
surface and selectively               zone 242a are characterized by an
edge junc-  removed to leave gold over the exposed re-          45  tion
that will give the surface diode effect. gions of the silicon. Preferably,
in order  110              The zones 241a and 242a are formed parti  to
maintain the  propagation properties of              ally in N+ and  P+
diffusion zones 241 and  the lines, the  alloying of gold wth silicon
242, respectively, which in turn are formed  will be avoided, as  by the
forming of a thin              in  an  insulated island of intrinsic
silicon  layer, a few microns thick, of  a material           50 about 1
mil wide and 5 mils long formed in such as molybdenum between the gold
strips 115               the wafer by an insulating layer 243 of sili-  and
the silicon.               con dioxide.                                  As
an alternative  mode of fabrication, a                  The spacing between
the edges of the   hot substrate evaporation of gold onto the
diffused N+ and P+ zones 241 and 242 is  intrinsic silicon is carried out.
The gold is            55 about 0.3 mil in zone 247. However, the  then
etched away to leave the transmission 120                zone 248 between
the confronting junctions  lines where  required.  At microwave fre-
of the  N  and P zones  241a and 242a is  quencies, the degradation of
leakage current                about 0.1 mil wide. The capacitance of the
due to the introduction of the gold into the                junction is
defined by the effective junction  silicon is of little consequence.  In
the same            60  are  of  shallow  diffusions  and  the  manner,
aluminium strip transmission lines 125                reverse breakdown by
the shallow diffused  may be formed on gallium arsenide to form
spacing   and    intrinsic or I-layer concen- the transmission line pattern
on a given sub-                tration. Conductivity modulation under  for-
strate  Thus, the  mixer or Figure 2 is a flat.                ward current
conditions is minimized  by  integrated circuit package. The integrated
65  reason of the effective increase injection area  circuit may be part of
more complex circuits 130        8
1,124,266      formed on the same or interconnected sub- 7, between the
junctions will be reduced to     strates.
zero. The boundaries of the two zones will       Referring again to Figure
7, a diffused, thus  be  contiguous.    Surface-oriented
surface-oriented diode is shown with insula- diodes for use in switching
applications will  5 tion isolation. One procedure for forming  be
constructed with separation between the 70     thisstructure is shown in
Figures 9-11. The  two zones and for high current capability,     structure
illustrated in Figures 9-11  is  will be interdigitated as shown in Figure
8.     similar to the structure illustrated in Figure   In Figure 7,
transmission lines 245 and 



7, and corresponding parts will therefore be 246 extend along the top  of
the insulating 10 designated  by  corresponding  reference  layer 244 from
contact with the zones 241  75     numerals. However, the structure of
Figures  and 242. Preferably, the transmission line     9-11 is illustrated
as round, while the struc-  leadig to and from  the surface-oriented
ture of Figure 7 is rectangular. The surface  diode, except for the
insulation over the     of a single crystal, high-resistivity substrate
junctions as shown in Figure 7, will be 15 of N-type material is etched on
the surface  formed directly on the surface of the semi- 80     to form a
mesa 240a on the top surface. conductor material 210. Preferably, ground
The oxide layer 243 is then grown over the  plane conductor 230 and the low
resistance     upper surface of the etched  wafer and over conductive
strips 245 and 246 are gold and     the mesa 240a to form an insulating
layer  overlay an extremely thin film of a mete 20  over the entire etched
surface. The material such as molybdenum, as above noted, or 85     forming
the bulk substrate 210 of the struc- of vanadium, platinum, nickel or
tungsten     ture in Figure 7 is then deposited or grown  evaporated to a
thickness of a few microns     over the top of the slice 240 to completely
to form an underlayer for each strip. The     cover the insulation layer
243 and to sur-  underlayer having a high eutectic temper- 25 round the
insulation covered mesa. After ature will prevent the formation of lossy 90
the bulk material 210 is grown onto the top  zones that would otherwise be
present where     of the wafer, the top (in Figure 9) of the  gold strips
to be formed directly onto the     bulk material 210 is lapped smooth for
re- silicon surface and then subjected to treat-     ceiving the ground
plane conducting layer ment at temperatures wherein the silicon 30 230
shown in Figure 7.                      would become intermixed with the
gold at 95       The substrate 240 is then lapped so  the  boundary
thereof.  Such zones are     that all of the original wafer  is re- avoided
by the use of the thin film 249.     moved except for the mesa which is
then  The ground -plane layer 230 is shown as     the island 240a located
in a well or  having been formed over a film 249a on the 35 depression
surrounded by the isolation layer bottom surface of the structure as shown
100     of silicon oxide 243 as shown in Figure 10. in Figure 7 where the
film 249a would be of     Thereafter as shown in Figure 11, through
materials the same as film 249.     a photomasking technique, N+  and P+
Thus, for switching use, the diode junc-     diffusions are made to form
the zones 241  tions are spaced apart to form a PIN diode 40 and 242 of
opposite-conductivity types in the  junction. For mixer use, the
confronting 105     island 240a. Inside the island there is then  portions
of the junction are contiguous or     high enough impurity concentration
for good  overlap to form a PN diode junction. In the     low  resistivity
ohmic contact.  The low  latter case, the boundary of the last diffused
resistivity (high concentration) diffusions  zone would define the diode
junction. 45 have a very narrow intrinsic zone between   In Figures 6-11,
surface-oriented diodes 110     them, of the order of 0.3 mil wide. Into
this  are formed in a semiconductor substrate and     area of original
material, there are made  thus involve a single basic building material.
two very shallow diffusions 214a and 242a  In Figure 12, a modified form of
mixer con-     of N and P-type materials, respectively. The  struction has
been illustrated. In this em- 50 diffusions are very shallow  (3 lines or
bodiment a relatively thick high dielectric 115     3 x 0.016 mil) with
high concentrations. The  constant ceramic layer 251 has a ground
junction between the N and P shallow dif-  plane conductive layer 252 on
the bottom     fusion zones 241a and 242a is not or need  face thereof with
a thin high eutectic metallic     not be accurately positioned as long as
it is  layer 252a therebetween.  The strip-line 55 within the 0.3 mil
strip. The junction be-  conductors. 253 and 254 are formed on the 120
tween the two zones is 1 mil wide and 3   upper face of the ceramic
substrate 251. A      lines deep or an area of 1 X 3 x 0.016 mil=
surface-oriented diode 255 having diffused      0.048 sq. mil. This results
in a very low  P and N-type zones 256 and 257 formed      capacitance
junction suitable for use in the  therein is then employed in a sandwich
con-  60 mixer of Figure 5. Contacts 245 and 246  struction to form a diode
which corresponds 125      are readily applied to  the two N+ and P+  with
the diode 222 of Figure 5. The diode      regions of Figures 10 and 11 to
be used for  255 is formed in a thin wafer or chip of      bonding or
pressure contacts alloyed in.   semiconductor material and then placed face
Where the diode is to be employed in the  down onto the ends of the
strip-like conduc-  65 mixer application, the separation 248, Figure  tors
253 and 254.  An isolated insulation 130   



1,124,266                                        9             layer 259 is
then formed over  the  top of the  as a quadrupler with idlers at second
and 65    ceramic substrate 251 to encompass the  third harmonics. More
particularly  the           diode 255.   A glass evaporate layer 258, is
timed circuit 318 and 319 may be considered           then deposited on top
of the insulated layer  to be resonant  at the second harmonic  and
259.  A high eutectic metal  layer 260 with  the tuned circuit 320 and 321
at the third           'a ground plane surface  conductive layer 262
harmonic.  Because of integrated circuit 70           is then formed on top
of  the layer 258. A  construction, rather than  lumped constant
conductor  serves to connect the ground  construction,  there is
contribution to the           plane layers 252 and 262 together for form-
several resonance conditions from most or        10 ing a shielded sandwich
construction for the  all of the elements in the unit since isolation
mixer  transmssion  line elements and the  of any one element is not
possible as in 75            surface-oriented idode.
lumped constant circuit construction. There-                  fore the
description as to resonant circuits                  FREQUENCY MULTIPLIER
is in terms of result with a  construction        15        The  frequency
multiplier 86 of Figure 4  shown in Figure 14. The circuit will change
has been further illustrated in a lumped con-  the frequency from an input
frequency of 80            stant equivalent  form  in  Figure 13. The L
2.25 Gc to an output frequency of 9 Gc.            matching section
includes a series inductance    As shown in Figures 14 and 15, the varac-
310 and a shunt capacitance 311. A low pass tor diode and the strip-line
transmission            filter comprised of series inductances 312
circuits forming inductance and capacitance        20  and 313 and shunt
capacitance  314 provides  are  formed  on a semiconductor substrate. 85
a low  pass filter tuned to 2.25 Gc. The reson   The substrate 330 has
about  one half of its             ant circuit which  includes the active
ele-  area covered by a highly conductive surface             ment is
comprised of series inductances 315  layer 329. The layer 329 is then
covered             and 316.   A shunt capacitance 317 is  con-  by a thin
dielectric layer  339 so that layer         25 nected to the juncture
between inductances  329 serves as a common plate for all but two 90
313 and 315. A series resonant shunt  cir-  condensers in the multiplier.
cuit comprised  of inductance 318 and capa-    The input L 'section is
formed by the strip             citance 319 is connected to the juncture
be-  transmission line 310 which extends over the             tween
inductances 315 and 316. A shunt  thick dielectric portion of the substrate
330         30 circuit comprised of an inductance 320 and  to the plate 311
of the input capacitor. The 95 a diode 321 is connected to the juncture be
capacitor 311 overlays the relatively thin              tween inductance
316 and the series induc- dielectric layer 339 to form a condenser with
tance 322 forming a part of the output band  the common conductive layer
329. The loop              pass filter. The band pass filter includes  312
forms an inductance over the thick di- 35 series  inductance  322,
capacitance  323, electric layer and leads to a capacitor plate 100
capacitance 324, and series inductance 325. 314 over the thin dielectric
layer. Similarly              Shunt capacitance 326 is connected to the
the loop 313 leads to the capacitor plate 317.              juncture
between capacitances 323 and 324. The  transmission line filter system will
thus              The output L matching section includes  be characterized
by long thin transmission          40 series inductance 327 and a shunt
capacit-  lines over thick dielectric sections to provide 105
ance 328.                                   primarily inductance
characteristics. Wide                 The formation of the multiplier in
one  transmission line sections overlaying thin               integrated
circuit configuration is shown in  high dielectric layers form  zones in
the               Figures  14 and 15. Prior art systems gener- transmission
line system primarily capacitive          45 ally are limited as to power
level at fre- in nature. The loop 315 extends from plate 110
quencies such as encountered in the X-band  317 over the thick dielectric
to the juncture               because of the small geometry necessary  with
a loop 318 which leads to a capacitor               for operation. For
example, over 25  watts  plate 319. Loop 315 also leads to one ter-
powe  output is available from  a single  minal of the varactor diode 321.
A strip           50  transistor at frequencies  as high as 100 Mc.
extending from the juncture 320 and loop 115 



For amplifiers utilizing one transistor per  322 then leads to a capacitor
plate 323. The    stage at 1000 Mc  about 200 milliwatts are  capacitor
plate 323 is positioned on top of               available and at 3000 Mc,
this is reduced to a conductive layer 340 which overlays one-
about 10 milliwatts. The large power capa-  half of the condenser plate
326. Condenser           55 bilities at lower frequencies and efficient
plate 324, similarly overlays the plate 326. 120   frequency multiplication
are  combined in  The transmission line loop 325 then extends
the system shown in Figures 14 and 15 to  to the output capacitance plate
328 with the               obtain the necessary  power at high frequen-
matching inductance 327 extending from the               cies. By this
means peak power output  plate 328.   The plate 326 is capacitively
60 capability of integrated microwave sources  coupled to  the capacitor
plates 323 and 324 125                of about 1 watt  can be  obtained at
frequen- and to the high conductive layer 329.                cies  well
above 8 Gc                         For frequencies within the range of
from                The  multiplier shown in Fiqures 14 and  0.5 to 5 GC
input  and output impedance                15     employs a varactor  diode
321 operating  will be on the order of from  10 to 50 ohms        10
1,124,266      Capacitance values will be within the range  thin P layer
under the oxide. The oxide     of from  5 to 75 pico farads (pf [err] layer
is  then  removed  as  shown in     farads) and inductances between 0.5 and
10  step  (d). As --shown  in  step  (e), the     nanohenries (nh) [err
henries).            slice is treated  with a  sulphuric acid  5    Since
relatively high Q capacitances are  etch to remove the thin P layer outside
the 70     necessary for operation of the multiplier  regions, defined by
the hole 333. At this     circuit, an extremely thin, high dielectric
point, a new oxide layer 335 is sputtered     constant layer 339 is
employed. The induc-  onto the -slice as indicated in step (f). By
tances have low loss and high effective in-  photomasking and selectively
etching, the 10 ductance per unit length.   Thus, in the  oxide layer 335
is removed over the zone  75     planar construction of Figures 14--and 15
occupied by the zinc diffusion 334, as indi-     large spacing between thin
conductive loops  cated in  step (g). A transmission line, strip     on the
upper surface of the slice 330 and the   is then evaporated onto the slice
and alloyed     ground plane conductor form inductances.  with the gallium
arsenide to form the con- 15  In contrast, the wide conductive  layers 339
tact 336, as shown in step (h).           80     and 340 over a thin high
dielectric layer    After the formation of the varactor junc-     form
capacitances. Preferably the substrate  tion, the upper half of the
substrate 330 is     330 will have a dielectric constant of the  masked and
a conductor is alloyed  to the     order of from 4 to 12 and a thickness of
lower unmasked portion to form layer 229 20  from 0.005 to 0.010 inches.
The layers 339  The masking is then removed and a 1 mil  85     and 340
will have a dielectric constant of  thick dielectric is deposited to form
layer     about 40 to 50 and a thickness of 0.0001  339. Upon this
substrate, conductors shown     inch.
in Figure 14 are incorporated by photo-       The filters at the input and
output of- the  lithographic masking techniques. Gallium 25  multiplier
form traps to prevent power flow  arsenide and intrinsic silicon are
preferred  90     from  the multiplier other than at the de-  as substrate
materials.  A  yttrium-iron-     sired frequency.  At the same time, the
dis-  garnet substrate -may be employed for the     sipation of power in
the varactor is held at  multiplier network. Gold may be employed     a
minimum while maintaining the necessary  on silicon and aluminum -on
gallium arsen- 30  band width of the  multiplier. A band width  ide as the
conductive materials.       95     (about 8.5-9.6 Gc) is required due to
both    While a planar construction is shown in     the characteristics
inherent in the operation  Figure 15,  it will be recognized that other
of the non-linear reactance or diode 321, modes of fabrication may be
employed for     and the undesired variations in temperature  providing the
multiplier network on the 35  of the semiconductor junction capacitance.
semiconductor substrate.  In Figure 17 -a 100     The multiplier band width
must be sufficient mesa-type construction is shown in which 



to allow buildup of voltage amplitude across  a mesa is first formed on the
substrate 330     the diode junction, and thus develop bias  to provide a
site for the diode 321. An in-     voltage to bring the multiplier into
proper  sulating layer 330a is then formed on the 40  operating range.
surface of 'the substrate 330 extending up 105 The requirements for both
the capacitors  along the slopes of the mesa for insulating     and
inductors thus may be fulfilled on the  the junction therein.     common
substrate or slice  330. Diode fabri     Thereafter, the conductive layer
329   will     cation techniques indicated in Figure 16 may  be formed over
a portion of the surface of 45  be followed.
the substrate for- forming the common plate 110       In step (a), N-type
material is epitaxially  for condensers 311, 314, 317, 319, 326 and  :
deposited onto an N+  gallium  arsenide  328. The thin layer 339 of high
dielectric     slice. After the slice is polished, a thin-film   material
is then formed over the conductive     of silicon dioxide is reactively
spluttered   layer  329. Thereafter, the condenser plates 50  onto the
surface to a thickness of approxi-  and the strip line loops will be
incorporated 115     mately 6000 Angstroms. The wafer  330  in the circuit
configuration shown in Figure     with the N-type epitaxial layer 331 and
the  14.     silicon dioxide surface layer 332 are shown     The parameters
in the construction illus-     in step (a).
trated in Figures 14-17, in general, are dis- 55    By a photomasking
technique, a hole 333  tributed constants. Resonances will be pre- 120
is then cut in the layer 332 as shown in  sent  -within the system, such as
illustrated      step (b). The slice is then sealed in a quartz  in the
graph shown in - Figure 18.  React-      ampoule with [err] and is diffused
for  ances in the resonant circuits are plotted as      about two minutes
at 900[err]C.  The result is  a function of freauency.   The impedance of
60  shown in - step (c). wih the  diffusion-of zinc  the circuit as
viewed from  the terminals 125      334 through the hole 333 being accom-
of the varactor 321. is  illustrated by  the      plished.    The depth of
diffusion  is of the  chain-dotted lines  350. The reactance of the
order of about 0.3 mils. In additidn to -the  varactor diode 321 is plotted
as the solid      diffision through the hole 333, the zinc also  curve 351.
The dotted curve 352 is the  65  diffuses through the layer 332 to form a
reciprocal of curve 351.                     130
1, 124,266                                    11                    The
circuit construction of Figure 14  as  would be connected  in the antenna
circuit           further detailed in Figures 15-17, operates  between the
manifold 40 and the radiation                 such that the intersection of
the reciprocal  module 14                 curve 352,  and  the reactance
curve 350              IF PREAMPLIFIER              5  occurs at the
input frequency of 2.25.Gc and    The IF preamplifier of Figure 4 is of
inte 70                 at the harmonic frequencies of 4.50, 6.75  grated
circuit construction and has  a  gain                 and 9.0 Gc,
respectively.                   of about 50 db. Such high-gain integrated
While Figure l illustrates an array of inte-  circuit  amplifiers
operating at frequencies in                 grated   circuits  in the
antenna module 14  the range from 200 Mc to the low Gc's, are
10  one, form of construction  of the phase shift  subject to oscillation
as a result of electro-   75                 delay line is shown in Figure
19. The delay  magnetically-coupled feedback within the
line  plate  360 has three integrated circuit integrated circuit package.
This is primarily                 modules  361, 362 and 363 mounted thereon
due to the very close spacing between the                 Such a wafer may
be included in the pack-  active and passive components formed in-
15  age shown in Figure 2.                      tegral with the
semiconductor substrate.    80                   The first  module 361 may
include the    Figure 21 illustrates an integrated circuit
switches SW1 and SW2 of Figure 4. The  410 of construction suitable for the
IF amp-                 module 362 will include the switches SW3  lifier 89
of Figure 4. The circuit 410 is                 and SW4 and the module 363
will include  comprised of a substrate 412 of single crys-            20
switches SW5 and SW6. The delay lines  tal, high resistivity silicon or
other semi. 85                111-115, are formed  on the plate 360 with
insulating or high-resistance   semiconductor                the line
length ,being progressively longer as  material having first and second
surfaces                by factors of 2. from one line to another.  414 and
416.  The resistance required be- 



Plate 360 is provided with input transmis-  tween the  surfaces 414  and
416 will vary with            25  sion line terminals on the tab 365 for
trans   the  frequency at which the circuit is oper- 90
mission  to and from the plate 360 of the  ated, the lower the frequency
the greater the                phase control carrier and received signal
resistance required.  However, for higher                voltages as well
as the clock pulses,     frequency applications, high resistivity semi-
With integrated circuits 361-363 of form  conductor material is adequate.
The com-           30  illustrated, the wafer 360 may be relatively
ponents for the IF amplifier are formed at 95               small  with
maximum  dimensions of the  the surface of the semiconductor substrate
order of about an inch.                     412 using any conventional
technique. For                 Figure 20 is illustrative of the construc-
example, a transistor 418 may be formed in               tion of the
integrated circuit wafer for the  the surface by sequentially diffusing
N-type,           35  switching networks. The substrate 370 is of  P-type
and N-type regions into the surface 100  polycrystalline silicon.
Insulation  isolation  416 of the substrate through openings etched
cups 371, 372, and 373 surround and isolate  in an oxide film 420.
Alternatively the com-               islands 374, 375, and 376 of N-type
material.  ponents may be formed on the surface of the           The
surface-oriented diode formed in the  substrate by equitaxial techniques.
The cir-           40  island 374 may be of the type illustrated in  cuit
may also include interconnecting strip 105               Figure 7 and will
serve as either the transmit  conductors such as 422, 423 and 424 which
diode 122 or the receive diode 123 of Figure  may be placed directly on the
high resistivity               4.  A diffused N+ zone 377 is connected to
substrate 412 or on the oxide film 420. The               a strip conductor
378 which is formed over  conductors may also form  inductors such
45  a surface insulation layer 379. A diffused  as indicated by the dotted
outline at 426.   110              P+ zone 380 is then connected by conduc-
An  insulating layer 428 is deposited over              tor 381 to the
emitter terminal of transistor and adherently bonded to the portion of the
382.                                        second surface of  the
substrate 412 which                A transistor 382 is formed of the N zone
is exposed and to the components of the          50  375, P zone 383, and
N+  collector zone  circuit and is therefore integral with the 115
384. A conductor 385 connects the collector  substrate. Metalized films 432
and 434 are              of the transistor 382 to a resistor 386, the
adherently bonded to the insulating layer resistor  being formed by a
P-type diffusion  428 and to the first side 414 of the substrate.
zone 387 in the N-type island 376. Lead 388 When the metalized films 432
and 434 are          55  is connected to the resistor 386 and extends
connected to ground, as represented by the 120              to other
circuit elements   .               conductors,436 and 438, the entire
integrated              With construction of the type illustrated  circuit
is disposed between two closely.              in Figures 19 and 20, the
phase shift delay  spaced ground planes. As a result of the
lines and the control networks in integrated  closely spaced ground planes,
the electro-         60  circuit form  may be included in module  magnetic
radiation from any particular com- 125             14. At some frequencies
and for some ap-  ponent is attenuated by  a loss factor of
plications. it will be desirable to construct             phase shift
modules separate from the radi-             ation module  14. Such phase
shift  modules         65  may be formed as shown in Figure 19 and
12                                        1 124,266      wherein k is
dependent upon the dielectric  applications where the dielectric constant
65     constant of the material between the com-  should  be higher.
ponents and the respective ground planes  d   An IF  amplifier or the like
is fabricated     is the distance from the point at which the  on and in
the surface of the substrate 412  5 electromagnetic wave is generated, and
s is  using any conventional technique as here-     the spacing between the
ground planes. Al-  tofore described. Then the glass insulating  70
though the attenuation increases as the spac-  layer 428 is formed by
applying a liquid in     ing between the ground plane  decreases, the
which a high concentration of very fine glass 



insulating layer 428 should be at least 1.0  particles is suspended. The
glass particles 10 mil  thick and is preferably from 3-5 mils  are allowed
to settle from the liquid and de-     in thickness. It will be desirable to
envelope  posit as a sediment on the surface of the  75     the entire
circuit structure, including the  substrate and over the components of the
substrate and insulating layer, in the metal-  circuit. The sedimentation
process tends to     ized ground plane.                          deposit
the glass particles over uniformly the 15   In Figure 21 the insulating
layer 428 is  components of the circuit and produce an     glass.  The
glass is selected so as to have  essentially planar surface. Then the  sub-
80     a coefficient of thermal expansion closely  strate is heated to a
temperature sufficiently     matching that of the substrate so as to pro-
high to fuse the glass particles into a solid     vide thermal-mechanical
stability. Further, mass which adherently bonds to the exposed 20 for
stabilizing the high-frequency transmis-  portion of the substrate, the
oxide insulating     sion lines, the insulating layer 428 is prefer-  film
420, if any  or the components of the 85     ably about the same thickness
as the sub-  circuit, as the case may be.     strate 412 so that the
dielectric constant    Although the insulating layer 428 was     between
the circuit components and each of  identified as glass applied by means of
the 25  the ground planes will be approximately  liquid suspension
technique, the insulating     equal. However, the insulating layer 428
layer 428 may also be formed from glass 90     may be any material which
may be adher-  or quartz which is evaporated in a high     ently bonded to
the substrate 412, which is  vacuum and condensed on the surface of the
chemically compatible with the substrate  substrate. The metalized films
432 and 434 30  and active components at various tempera-  may  then be
deposited by a conventional     tures, and which has a thermal coefficient
evaporation and condensation process.  95     of expansion compatible with
that of the    The exposed surfaces of the substrate and     substrate 412
so that the substrate will not insulating films are then metalized, prefer-
be placed under  stress due to temperature  ably by evaporating and
condensing a metal 35 changes, and may be of any desired thick-  onto the
surfaces, or by other well-known     ness, usually thin for amplifier
application  techniques. Gold, aluminum or other suit- 100     and
relatively thick for transmission line  able  metal may be used for this
purpose.     application. The dielectric constant may be However, if gold
is to be deposited directly     very closely matched by making the insulat-
on a silicon substrate, a thin layer, a few 40 ing layer 428 from
high-resistivity semi-  angstroms thick, of molybdenum or other
conductor material of the same type as the  metal which does not dope the
silicon is pre- 105     substrate 412. This can be accomplished  ferably
deposited on the surface 414 before     by epitaxial growth, if a singe
crystal is  de-  the gold is deposited  to prevent doping of     sired for
part of an active component, or  the silicon by the gold. 45  by another
process where a polycrystalline    The integrated amplifier circuit is
disposed     structure will suffice.  The substrate 412  between a pair of
closely-spaced ground 110     should be relatively thin, for amplifier ap-
planes. The ground planes and the circuit     plications where it is
desired to place the  are interconnected so as to provide a rugged,
ground planes as close  to the active com-  sealed package. For high
frequency trans- 50  ponents as practical, and will usually be less
mission lines, the dielectric properties be-     than about ten mils in
thickness.        tween the circuit components and each of 115
the ground planes may be made approxi-       As an alternate structure, the
substrate  mately equal for improved performance.;     412 may be a doped
semiconductor material     rather than intrinsic silicon or semi-insulat-
BEAM STEERING REFERENCE 55 ing semiconductor material. In such case an
VOLTAGE GENERATION     insulating layer is provided.  between the   Where
the antenna is made up of an array 120     metalized film 434 and the
substrate so that  of elements arranged in rows and  columns     the ground
plane formed by the film 434  as shown in Figures 22 and 23, each of the
will be electrically insulated from the com-  rows and columns may be
numbered for 60 ponents of the circuit. Such an insulating  convenience
according to their position in the     layer may be any suitable material
such as  array. To shift the  beam of the antenna in 125     silicon
dioxide, aluminum trioxide, glass, or  a horizontal direction through an
angle [err]     the like, but is  preferably glass. The device Figure  22,
the phase of the  RF energy ap-     50 is particularly suited for lower
frequency  plied to the radiation structure in each   



1,124,266                                        13     module in each
column must be shifted by  Figure 24, including switch unit  512, may
an amount  which  is proportional to the  be the same as in Figure 4 which
shows the     angle [err]  the angle that the beam is to be  construction
of the  switch units SW1-SW6     shifted from a  line perpendicular from
the  and the connections to the ladder network  5 face of the  antenna .
The phase shift for  The register 511 may be composed, of bi- 70     each
module must  also be dependent upon  stable elements as shown in Figure 4
or     the location  of the  module in the array. may comprise other binary
storage elements.     Figure 22 shows a top view of the antenna  These
elements control switches in unit 512     unit 12 and a plot of the phase
shift versus  which in turn control the binary weighted 10 distance from
the centre of the antenna.    resistance ladder of the type commonly used
75       As shown in Figures 22 and 23, the con- in digital-to-analog
converters. Typical of     trol unit 510. generates a reference voltage
the construction  is the resistance network     which shifts the  phase for
the column -n  illustrated in the unit 514. The resistance     at the right
edge of antenna 12 through the  values are chosen so that the voltage at
the 15  same phase angle. As represented by the  output is one-half the
value of the reference 80     tapped resistor 510a in unit 510, the volt
voltage on terminal 5.13 :when switch S1 is     ages   applied  to  the
columns in the left an-  closed to the reference voltage and all the
tenna half are the same for each column but other switches are closed to
ground. When     are graded from a maximum at the edge  switch S2 is closed
to the reference  voltage 20  column to near zero  at the centre column.
and all the other  switches are connected to  85     The right  antenna
half columns similarly  ground, the output voltage  is one-fourth     are
controlled by reference voltages such as  the reference voltage, etc. This
assumes that     might be derived from resistor 510b. The  the series
resistances 514a are not present.     unit 550 similarly serves to control
the ver- Resistances 514a, however, are included for 25 tical scan or beam
position. To point the  the purpose which will later be explained. 90
beam in a direction involving both the hori-  In operation the switch for
each given ladder     zontal and vertical deflection, the reference
position is connected to the reference volt-     voltage for a given
antenna element is the  age if the bit in the corresponding register
sum of the voltage required for the column  is 1, and to ground if the bit
is 0. 30 in which a given element is positioned and    The output of the
ladder network 514 is 95     the voltage required for the row in which
applied by way of conductor 515 to a second     the given element is
located. Thus, as illus-  digital-to-analog unit including switch unit
trated in Figure '23, the column at the right 516 which controls a ladder
network 517     side of the antenna unit 12 would be de-  and which in turn
is controlled  by a counter 35 layed by an angle-[err]. The column at the
518. A second counter 519 counts in paral- 100     left edge of the antenna
unit 12 would be  lel with counter 518. A decoding logic net-     delaved
by an angle of [err]         work 520 is connected to counter 519.
Where the antenna array is one wave-  Counters 518 and 519 are controlled
by a     length wide and where the difference between  clock 521 which  is
connected thereto by 40 the angle [err] and [err] is 360[err], the antenna
way of an AND gate 522 and line 527. A 105     radiation primarily will be
at 45[err] to the face  control multivibrator 523 controls one input     of
the antenna. In practice, however, the  of the AND gate 522. The decoding
logic     antenna generally is made many wavelengths  network 520 has
output lines i to n with     wide as well as  high so that narrow beams
output lines n being connected  by way of 45 may be produced. When this is
done, it is  line 524 to the reset terminal of the multi- 110     necessary
to produce phase shifts across the  vibrator 523.     face of the antenna
which are equal to      starting unit 525 is connected to the     [err] The
factor N may be any integral start terminal of the multivibrator 523. The
number with practical values ranging as high Starting unit 525 is also
connected to the 50 as 10 to 15 or  more for phase shifts of  reset
terminal of counter 519 and, by way 115     around 5000[err] across the
antenna.        of an AND gate 526, to the reset terminal       In Figure
24 the controller for generating  of the counter 518.     the horizontal
and, vertical reference voltages    One control terminal of the AND gate 



above noted is shown, with the controller  526 is connected to the output
of a compar- 55  for producing the horizontal reference volt-  ator 528
which is connected at one input to 120     ages being shown in detail.
the output line 529 of the ladder network       In order to point the beam
in a given  517 and at the other input to a comparison     direction, a
binary number, proportional to  reference voltage source 530.     the phase
shift required for the edge column    The line 529 is also connected to a
bus 60 n, Figure  22, is read into an input. register  531 at the input of
a plurality of sample- 125     511 of unit 510 from a control source  510c.
and hold units 532i-532n. Line 529 is con-     The  register 511  is
connected to a  switch  nected by  way  of an inverting unit 540 to a
unit  512. A reference voltage is applied  bus 541 to  sample-and-hold
units 542i-     to the switch 512 by way of an input chan-  542n. 65 nel
513. The digital-to-analog converter of    The voltages appearing at the
outputs of 130       14                                         1,124,266
the sample-and-hold units 432i-532n and  on line 529 for each step of
counters 518     542i-542n are the voltages necessary to  and 519. is a
voltage proportional to the     shift the beam from antenna unit 12 through
phase shift for each column  That is to say,     a horizontal angle
represented by the refer-  the first state of counters 518 and 519 re-  5
ence voltage from the numerical input unit suits in a voltage proportional
to the phase 70     510c.                                       shift for
columns +i and -i of Figure 23.       In a similar manner, a vertical
control The second state of counters 518 and 519     voltage generator 550
provides output volt-  results in a voltage for columns +ii and -ii,
ages to sample-and-hold units 552i-552n  and so on. It will be noted from
Figure 22 10 and  562i-562n for shifting the beam from  that the phase
required for column n is the 75     the antenna unit 12 through a vertical
angle  negative of the phase required for column     representative of the
magnitude of the refer-  -n .     ence voltage applied from  the reference
Counters 518 and 519 initally are reset to     numerical input voltage
source 550c. The  a state of all zeros. This results in a ladder 15
voltages from  the sample-and-hold units  output voltage on line 529 of
zero volts for 80     may then be combined for application to the  the
first state of counters. If the number of     reference input terminals of
each module  columns in the antenna is an even number.     (terminal 35. of
Figure 4), so that each mod.  as shown in Figures 1 and 23, a reference
ule in the antenna unit will be adjusted to  of zero volts would result in
the phase shift 20 shift the phase of the RF antenna excita-  introduced in
columns  i and - i always 80     tion pulse in dependence upon the sum of
being zero. This would induce a slight dis-     the vertical and horizontal
beam angles rep-  continuity in the phase slope across the an-     resented
by the voltage on units 510c and  tenna. To prevent this, the ladder
network     550c. The voltages may be combined from   514 is  provided with
resistors 514a. These 25  the sample-and-hold units in the manner
resistors offset the output of the ladder 514 90     known in the art, and
such as described in  by an amount equal to one-half step of the
"Introduction, to-Radar Systems", Skolnik, output voltage.     McGraw-Hill
(1962), page 312 et seq.       The lines 520i-520n, connected to the
In operation, where a scanning sequence  sample-and-hold  units  532i-532n,
are 30 of the antenna is desired, the numbers to be  sequentially energized
to cause storage of a 95     read into the units 510 and 550 from the
sample voltage  in each of the units  as the     control sources 510c and
550c come from  states of the  output lines leading from de-     sequence
generators or programmers.  The  coder 520 change. Similarly, the other
half     units 510c  and  550c may comprise part of a  of the antenna is
provided with reference 35  computer if the antenna is to be pointed at
voltages from bus 541 by way of inverter 100     some target, as would be
the case in a target  unit 540.     tracking operation.  In either case the
volt-    When the output on line 529 equals the     age output on line 529
will then be pro-  reference- voltage from source 530, as ap-     portional
to the phase shift desired in the  plied to the comparator 533, the counter
518 



40 extreme or edge columns of the antenna.    is reset. Decoder 520 serves
to reset counter 105       As soon as the phase shift  number, or  519 but
only at the end of a phase control     signal has been read into the unit
510, a  sequence.  The  voltage from  reference     start pulse is applied
to the control multi-  source  530 is set at a value corresponding
vibrator 523. This pulse  also resets the  with just less than the voltage
on line 529 45 counters 518 and 519. As soon as the con-  required for 360
phase shift.        110     trol unit 523 is set, the AND  gate 522    Thus
far, it has been assumed that the     changes state to allow the clock
pulse train  total -phase shift required is less than 360[err].     to pass
to the counters 518 and 519. This  This generally is not the case and this
fact is     causes the two counters to  advance together.  the  basis for
including the second counter 50 The counter 518 controls the units 516 and
519.    More particularly, with the output 115     517, with the reference
input voltage being  from the voltage ladder 517 fed to the com-.     the
voltage on line 515. As the count in  parator 533 and with the reference
voltage     the counter 518 increases, the -voltage on line  from source
530 slightly less than the voltage     529 increases in uniform steps.
necessary for a 360[err] phase shift, when the 55   In the explanation of
operation of the  ladder output voltage exceeds 'the voltage 120
reference generator which follows, it will from source 530, the counter 518
will be     first be assumed that the total phase  shift  reset. . However,
with the clock pulse being     across the face of the antenna is to be less
applied thereto, counter 518  will repeat its     than 360[err]. Thereafter
operation for a phase  cycle  so long as, the clock pulse train  is 60
shift greater than 360[err] will be explained;    present. In contrast, the
counter  519 con- 125        For a phase shift less  than 360[err], counter
tinues its count until the  clock pulse train      519 will count in
synchronism with counter  is stopped  by disabling gate 522.  In this
518. The state of counter 519 is decoded  way the output of the ladder 517
always      to provide n indications on n individual out-  indicates a
phase shift in the range of 0  to 65 put lines 520i-520n. The output
voltage  360  Counter 519 always contains the 130
1,124,266                                      15    number of the columns
in binary form for    The voltage shown on Graph I, repre- 65    which the
voltage  being generated at that  sents the voltage at the input to the
voltage    instant applies,                           comparator  143
namely the reference volt-       The sample-and-hold units may  be of con-
age  applied to terminal 235. The volt- 5 ventional  construction involving
closure of a  age of  Graph II is a reset pulse   applied  to     switch in
response to a given voltage state  the counters (not shown) to reset the
cir- 70     on a decoder output  line, such as line 520i. cuits including
switches SW1-SW6 to zero     This charges a  capacitor in the sample-and-
upon the appearance of a reference voltage     hold unit  532i  such that
the voltage on the  at terminal 35 which is changed from any 10  output
line from unit 532i is equal to the  previous value.     input voltage  on
bus 531   at the instant of    The voltage on Graph III represents the 75
closure of the switch. With a high imped-  voltage  at the output of the
converter 153     ance output buffer-amplifier in the sample-  and applied
to the voltage comparator 143.     and-hold units, the charge on the
condenser  This voltage appears on line 154. 15  will remain unchanged
after the input switch    The wave form shown on Graph IV rep-     is
opened. Switches in the sample-and-hold  resents the output voltage
appearing at the 80     units are controlled by the decoded state of
output of the voltage comparator 143. The     counter   519, as above
noted. State 1 of  voltage represented by Graph V represents  counter 519
closes the switch in the sample-  the output pulses passing through the AND
20  and-hold units 532i and 542i. Since the  gate 142 and appearing on the
input  line     inverter 540 is employed to feed bus 541,  14  to the SW-I.
which is the first stage 85     the two voltages are -thus stored as
reference  in the 9-bit binary counter.     voltages for two phase shift
units. When In operation, when the phase shift coun-     the counter 519
reaches its nth state, a volt-  ter  is reset, the  output voltage from the
25 age. for each column is stored in the  2n  analog converter 153 drops:
back to zero     sample-and-hold units.  The decoded nth  and then as the
delay lines are switched 90 



state of counter 519 also resets unit 523 and  into the circuit by
operation of the switches     ends the process.      SWl-SW6, the voltage
on line 154 builds       The controller 550 for the rows of antenna  up
until it equals the value of the reference 30 modules is identical to the
controller 510 for  voltage on terminal 35 at which time the     the
columns of antenna modules. If the rows  switching circuit ceases to change
state by 95     and columns  are the  same in number, then   reason of the
fact that the AND gate 142     the controllers are identical. If the rows
is then disabled.     and columns are not the same, then the con-    Graph
VI  illustrates the  state  of the 35 trollers differ only in the number of
states  transmit-receive switches. More   particu-     produced by the
counter 519.               larly, the voltage of the  master trigger 100
The phase shift -reference voltage,  for  ap   shown on  Graph VI is
applied to the con-     plication to a given module, is  produced by   trol
input terminal  of the multivibrator     summing  the voltages from  two of
the  163. The master  trigger pulse actuates a 40  sample-and-hold units.
This would  be  gate circuit so that transmit  switches 163,
accomplished by means of a pair of sum-  137  and 120 will be  conductive
and re- 105     ming resistances for each element, such as  ceive switches
164, 138 and 121 will  be     resistances 560 and 561. The output voltage
nonconductive.  During the  remainder of     from unit 552i would be
separately summed  each TR cycle, the receive switches 164, 45 with each of
the output voltages from the  138 and 121 will be conductive.
sample-and-hold  units  532i-532n  and    Graph VII illustrates the
variation in the 110     542i-542n                      frequency control
voltage generated by the       It is not necessary that the antenna be
pulse generator 44 of Figure 3. The fre-     as shown in Figure 23. By
omitting  ele-  quency control voltage is applied to the 50 ments in  the
outer rows or columns, the  oscillator 41 to vary the  frequency from a
configuration shown in Figure l may be  low-frequency to  a high frequency
over a 115     formed.  Entire rows or entire columns  band of 1.25mc   The
resultant output of may  be  omitted  depending  upon  the  the  oscillator
41 is illustrated by Graph     particular application  required. If only
VIII The modulated pulse appears at the 55  one  column is employed or if
only one  row  output of the power amplifier frequency     is employed  .
then either the  unit 510   or the  modulated over  a range of 1.25 mc.
How- 120     unit 550  would be  employed to generate  ever, as the
antenna excitation  voltage     the phase control reference voltages,
pulse  appears  at the  output of the fre-
quency multiplier, the modulation range is        TIME SEQUENCE
5 mc. 60   In Figure 25 Time Graphs  I-XII illus-    Graph IX represents
the variation in  the 125     trate  the operation of   the system. Graphs
gain of the receivers 56 and 57 of Figure   I- V   represent the operation
of the delay  3.   Te gain is  controlled by the sensitivity     line
phase  control  network and  Graphs time control  unit 67, Figure. 3.
Thus, at     VI- XII are system timing  functions.   the beginning of the
listening interval,       16
1,124,266      which is coincident with the onset of the  solid-state
modules, together with micro-     transmitted pulse, the gain is gradually
re- wave transistors, permits operation in the     duced, reaching a
minimum level at a time  X-band and higher, and thus permits oper
coincident with the end of the transmitted  ation in that frequency range
required for  5 pulse. The gain then is gradually increased  airborne
radar. While the modules are 70     as the radar range increases with time
to a  capable of use in a wide variety of other     maximum value at the
onset of the  next radar installations, they are particularly
transmitted pulse.                        suitable for airborne
applications . Elimi-       Graph X illustrates the received pulse  nated
is the necessity for the magnetron, 10 delayed in time from the transmitted
pulse.  the local oscillator klystron, and for high 75     The received
pulse is a compression modu-  power TR protection devices.     lated pulse
appearing at the output of the 



IF amplifiers 56 and 57. The signal is    WHAT WE CLAIM IS:-     then
applied to the pulse compression fil-  1. In a radar having an antenna
formed 15 ters 58 and 59, Figure 3, by which means  by a multiplicity of
modules each having     the low frequencies are delayed a greater
radiation. structure and forming substanti- 80     interval than the high
frequencies so that ally a planar radiation array each module     the total
energy of the received pulse is  including an RF unit, a phase shift unit,
compressed, by a ratio of the order of 100  and a control network, the
method which 20 to 1, into a discrete pulse or energy bundle. comprises:
Operation of a pulse compression filter     generally speaking is
characterized  by a   (a) applying a pulse of an RF carrier 85     time
delay [err] Thus the computer timing      coincident in time and in phase
to     pulse appearing on Graph XII is delayed      each of said modules,
25 by a like interval so that the radar range   (b) simultaneously applying
an in phase     is represented by the time interval [err]     impulse of a
phase control carrier to       The foregoing sequence is carried out for
each of said modules,              90     the selected values of the
reference voltages   (c) shifting the phase of the phase con-     applied
to the input terminal 35 of Figure   trol carrier pulse in each said module
30 4. Various programs may be followed to        by phase angles dependent
upon the     shift the beam from one direction to an-     position of each
module in said array     other at rates and in patterns which are     and
in dependence upon a predeter- 95     dependent upon the requirements
placed         mined beam angle,     upon the system. It will be obvious
that   (d) mixing each phase shifted phase con- 35 the template system
above discussed may      trol carrier pulse  with the RF carrier     be
used alternately with ground mapping      pulse,     programs and with air
to air ranging pro-   (e) amplifying one of the modulation 100     grams by
appropriate programming of the      products from  the combined phase
generator of Figure 23 which supplies the    control carrier pulse and the
RF 40 reference voltages.                             carrier pulse for
excitation of said an-       The surface-oriented diode illustrated in
tenna,     Figures 5-11 is described and claimed in   (f) sensing
electromagnetic energy re- 105     copending  Patent Application  Number
flected to said antenna to produce a     36403/ 65  (Serial  No.
1,124,264).            received signal in each module, 45    The strip-line
transmission line illustra-    (g) shifting said received signal in each
ted in Figures  6, 7 and 12 is described and  module  by a phase angle
related to     claimed in copending Patent Application      the shift in
said phase control carrier 110     Number 36404/65 (Serial No. 1,124,265).
pulse, and       It is an advantage of the embodiment of   (h) combining
all of  the phase shifted 50 the invention hereinbefore described that
received signals from  said modules     the construction lends itself to a
light-    to produce an output signal.     weight multi-element array
antenna using     electronic beam scanning, eliminating wave    2. A
method according to Claim  1, 115     guides, rotary joints, motors,
synchros, wherein said outputs are registered as a 55 gears, and other
servo components norm-  function of time following the transmission
ally essential to a scanning system. A sub-  of each pulse from said
antenna.     stantial reduction in total   volume and    3. A method
according to  Claim  I  or     weight over known or existing radars is  2,
wherein the frequency of said amplified 120     achieved. This is
accompanied by a sub- modulation product is increased for excit- 60
stantial increase in the reliability of the  ation of said antenna  at a
higher frequency     system.              than said RF carrier.       It is
a further advantage that each indi.   4. A  method  according  to Claim  1,
vidual antenna module  with  individual  wherein said amplified modulation
product 125     power generation and phase control per-  is multiplied by a
factor of x for excitation 65  mits electronic beam steering. The use of
of  said  antenna  said  electromagnetic       



16                                       1,124,266      which is coincident
with the onset of the  solid-state modules, together with micro-
transmitted pulse, the gain is gradually re-  wave transistors, permits
operation in the     duced, reaching a minimum level at a time  X-band and
higher, and thus permits oper-     coincident with the end of the
transmitted  ation in that frequency range required for  5 pulse. The gain
then is gradually increased  airborne radar. While the modules are 70
as the radar range increases with time to a  capable of use in a wide
variety of other     maximum value at the onset of the next  radar
installations, they are particularly     transmitted pulse.
suitable for airborne applications. Elimi-       Graph X  illustrates the
received pulse  nated is the necessity for the magnetron, 10 delayed in
time from the transmitted pulse.  the local oscillator klystron. and for
high  75     The received pulse is a compression modu-  power TR protection
devices.     lated pulse appearing at the output of the     IF amplifiers
56 and 57. The signal is    WHAT WE CLAIM  IS:-     then applied to the
pulse compression fil-   1. In a radar having an antenna formed 15 ters 58
and 59, Figure 3, by which means  by a multiplicity of modules each having
the low frequencies are delayed a greater  radiation structure and forming
substanti- 80     interval than the high frequencies so that  ally a planar
radiation array each module     the total energy of the received pulse is
including an RF unit, a phase shift unit,     compressed, by a ratio of the
order of 100  and a control network, the method which 20 to 1, into a
discrete pulse or energy bundle. comprises:     Operation of a pulse
compression filter     generally speaking is characterized by a    (a)
applying a pulse of an RF carrier 85     time delay [err] Thus the computer
timing       coincident in time and in phase to     pulse appearing on
Graph XII is delayed       each of said modules, 25 by a like interval so
that the radar range    (b) simultaneously applying an in phase     is
represented by the time interval [err]      impulse of a phase control
carrier to       The foregoing sequence is carried out for   each of said
modules,                  90     the selected values of the reference
voltages   (c) shifting the phase of the phase con-     applied to the
input terminal 35 of Figure   trol carrier pulse in each said module 30 4.
Various programs may be followed to           by phase angles dependent
upon the     shift the beam from one direction to an-       position of
each module in said array     other at rates and in patterns which are
and in dependence upon a predeter- 95     dependent upon the requirements
placed        mined beam angle,     upon the system. It will be obvious
that   (d) mixing each phase shifted phase con- 35 the template system
above discussed may        trol carrier pulse with the RF carrier     be
used alternately with ground mapping        pulse,     programs and with
air to air ranging pro-   (e) amplifying one of the modulation 100
grams by appropriate programming of the       products from  the combined
phase     generator of Figure 23 which supplies the     control carrier
pulse and the RF 40 reference voltages.
carrier pulse for excitation of said an-       The surface-oriented diode
illustrated in  tenna,     Figures 5-11 is described and claimed in   (f)
sensing electromagnetic energy re- 105     copending  Patent Application
Number        flected to said antenna to produce a     36403/65 (Serial No.
1,124.264).                received signal in each module, 45   The
strip-line transmission line illustra-    (g) shifting said received signal
in each     ted in Figures 6, 7 and 12 is described and   module by a phase
angle related to     claimed in copending Patent Application        the
shift in said phase control carrier 110     Number 36404/65 (Serial No.
1124,265).       pulse, and       It is an advantage of the embodiment of
(h) combining all of the phase shifted 50 the invention hereinbefore
described that     received signals from  said modules     the construction
lends itself to a light-    to produce an output signal.     weight
multi-element array antenna using     electronic beam scanning, eliminating
wave    2. A  method according to Claim  1, 115     guides, rotary  joints,
motors, synchros, wherein said outputs are registered as a 



55 gears, and other servo components norm-  function of time following the
transmission     ally essential to a scanning system.  A sub-  of each
pulse from said antenna.     stantial reduction in total volume and    3. A
method according to Claim  1  or     weight over known or existing radars
is  2, wherein the frequency of said amplified 120     achieved. This is
accompanied by a sub-  modulation product is increased for excit- 60
stantial increase in the reliability of the  ation of said antenna at a
higher frequency     system.                                   than said RF
carrier.       It is a further advantage that each indi-   4. A  method
according to Claim  1,     vidual antenna module  with  individual wherein
said amplified modulation product 125     power generation and phase
control per-  is multiplied by a factor of x for excitation 65  mits
electronic beam steering. The use of  of  said  antenna, said
electromagnetic                                    1,124,266
17          energy reflected to said antenna is detected    (a) a radiation
structure.    to produce an  lF signal in each module   (b) a solid state
mixer and power amp          having a frequency of x times the fre-
lifier connected in series between an          quency of  said phase
control carrier, and     RF input terminal and the radiation  65       5
said IF  signal in  each module is shifted       structure for pulsed
excitation of the          by a  phase equal to x times the shift of
the radiation structure .          said phase control carrier pulse.
(c) a variable phase shift circuit con-            5. In a radar having an
antenna formed     nected between a phase control car-          by  a
multiplicity of modules, each having      rier terminal  and the mixer for
con- 70      10  radiation structure   and  forming substanti-  trolling
the  phase of the pulse applied          ally a planar radiation array each
module       to the radiation structure,          including an  RF  unit, a
phase shift unit,  (d)  a frequency  multiplier circuit for in-
and a  control network, the method which        creasing the frequency of
the signal          comprises:                                      from
the RF input terminal to the 75
radiation  structure, and      15    (a) applying, RF   carrier  pulses
and    (e) a receiving channel leading from said                power   to
said modules.        .          radiation  structure and  through the
shifting the phase angle of the RF        phase shift circuit to an output
ter-                carrier pulses in each of said modules    minal.
80                with patterned gradation across said      20       array
related to the position  of a    9. A  radar as claimed in Claim  8,
given module in  said array and re-  wherein said frequency  multiplier
circuit                lated  to  a  predetermined  antenna  includes
capacitors, inductors and a vari                beam angle,.
able capacity  diode which circuit com-             (c) amplifying  the
phase  shifted  RF  prises:         .                          85      25
carrier pulses to produce RF carrier                pulses of enhanced
power,  .            (a) a thick dielectric substrate having a
(d) multiplying  the  frequency  of the       first conductive layer on one
surface                amplified RF carrier pulses, and           thereof
forming  a ground plane,            (e) converting the resultant signals
into    (b) a, variable capacity diode formed at      30
electromagnetic  radiation  beamed         the other surface of the
substrate   90                from said array in dependence upon    (c) a
second conductive layer over a por-                said patterned
gradation.                  tion of the other surface  of the sub-
strate,            6. In a radar having an antenna formed    (d) a thin
high dielectric layer over the          by  a multiplicity of modules, each
having      second conductive layer.              95      35  radiation
structure and forming substanti-    (e) a plurality of conductive plates
sep-           ally a   planar  radiation array each module   arated from
second conductive layer           including an RF unit, a phase shift unit,
by a thin, high-dielectric layer to           and a control  network, a
method which          form a plurality of capacitors, and 



comprises:                                   (f) a  plurality  of narrow
conductive 100
strips interconnecting the plurality of      40    (a) controlling the
phase of  an RF signal  conductive layers and the diode and
having a relatively low frequency in       extending beyond the margin of
the                accordance  with the position of an        second
conductive  layer over  the                element in the array,
other surface of the substrate to form 105             (b) amplifying the
controlled phase RF        inductors.      45       signal to enhance the
power to a level                in excess of the  power to be applied
10. A  radar as  claimed in Claim  9,                to the radiation
element,            in which the plurality of conductive layers
(c) multiplying the amplified RF signal     includes a plurality  of plates
shadowing                to produce a signal in the desired  another plate
to form a series capacitance. 110 50       frequency band,  and-
11. A  radar as claimed in Claim  9,             (d) exciting the  element
with the multi-  in which the multiplier is comprised of
plied RF signal.                                                      (a)
an inductor-capacitor low pass filter             7. A  method as claimed
in Claim  6           network means at the: input for pass-
wherein the RF signal has a frequency less      ing an input frequency,
115       55 than the  X-band and the multiplied RF    (b) an
inductor-capacitor variable capa-           signal has a frequency at least
in the X-         city diode resonant network means           band.
connected to the low pass filter net-             8. A  radar  having an
antenna formed   work  means tuned  to resonate at the           by a
multiplicity of  modules forming sub-      input frequency, and
120       60  stantially a planar radiation array, each  of    (c) an
inductor-capacitor  band pass filter           said modules comprising:
network  means  connected  to  the         _ _ 18
1,124 266           resonant network  means tuned  to    (a) a plurality of
strip-line conductors of          pass only a multiple of the input fre
digitally-increasing lengths,          quency.
(b) a series of diode switching means for
alternatively connecting each of the       12. A  radar as claimed in Claim
12          conductors in a series circuit or shunt-  5  wherein the
multiplier includes:                 ing  the  conductor to  provide  a
(a) an   inductor-capacitor  impedance        digitally-variable length
strip line,  70          matching network means connected    (c) a bistable
multivibrator connected to          to the low pass filter network means
operate each diode switching means,.          and forming the, input for
the device,  (d) control circuit means for actuating the 10       and
bistable multivibrators sequentially in       (b) an   inductor-capacitor
impedance        response to a clock pulse signal to pro- 75
matching network means connected           vide a digitally -increasing
effective line          to the band pass filter network means      length,
and forming the output of the device.   (e) converter means connected to
the strip                                                      line for
producing a feedback signal 15    13. The radar as claimed in Claim 9,
proportional to  the  effective  line  80     wherein  the  resonant
network  circuit         length,     means is tuned to resonate at
multiples of   (f) a comparator connected to the output     one, two, three
and four of an input fre-        of the converter means for comparing
quency and the band pass filter means is         said feedback signal to a
reference in- 20  tuned to  pass the fourth multiple fre           put
signal related to the desired phase  85     quency.
angle and  for producing an output        14. The radar as claimed in Claim
9,         signal when the reference input signal     wherein said
substrate is an intrinsic silicon  exceeds the feedback signal by a pre- 



semiconductor substrate having a ground          determined amount, and 25
plane conductor on the bottom thereof.        (g) an AND gate connected at
its output 90        15. The radar according to Claim  9,          to the
input of a bistable multivibrator     wherein said plurality of conductive
strips     and connected at its inputs to the out-     loop from said
plates over the top of said       put of the comparator and to a clock
substrate beyond the margin of said con-         pulse terminal for passing
clock pulses 30  ductive film  to form  inductors to inter-       only when
the comparator produces its 95     connect said plates.        16. The
radar according to Claim  9,     wherein said multiplier circuit is a high
18. A radar having an antenna formed     frequency integrated circuit
device formed  by a multiplicity of modules, each having 35  in a
semiconductor wafer having a pair of  radiation structure and forming
substantially      opposed major faces which are substanti-  a planar
radiation array comprising:     100      ally planar, the bulk of the wafer
being sub-      stantially intrinsic with one of the major   (a) means to
provide separate first signals      faces including a first continuous high
con-    of like frequency and phase for each 40  ductivity layer and the
other of said faces     of said modules,      incuding a fractional portion
of its area  (b) means within each of said modules to      covered by a
second continuous high con-        multiply the frequency of said first
sig. 105      ductivity  layer, a thin high dielectric layer  nal thereby
to provide a second high      over said second layer, a  strip line signal
frequency signal within said module, 45  path comprised of thin
conductive-strips and    and      thick conductive strips connected in
series,   (c) means to impose a separately-control-      said thick strips
being positioned   on said    lable phase shift upon each of said 110
dielectric layer  and said thin strips extend-  first signals prior to
frequency multi-      ng over said wafer outside the margins of
plication thereof.  50  said  dielectric layer, and a varactor diode
formed on zones of opposite conductivity    19. A radar having an antenna
formed      type, one of which is at  the other of said  by a multiplicity
of modules substantially as      faces forming a shunt path between  said
hereinbefore described  with reference to 115      strip line and said
first layer, said diode  Figures 1 to 6, and 13 to 16, and 21 and 25  55
being connected at one terminal to a point  of the accompanying drawings.
on said strip line outside the margin of said      dielectric layer.
H.D. FITZPATRICK & CO.        17. A  radar according  to  Claim  8,
Chartered Patent Agents,      wherein said phase shift circuit is a
digitally-       27 Chancery Lane,  60  variable length delay line circuit
for pro-             London. W.C.2,      ducing a phase shift in an A.C.
signal pro-                   and      portional to an input reference
signal which            5 Park Gardens,      circuit comprises:
Glasgow, C.3.               Printed for Her Majesty's Stationery Office by
Burgess & Son (Abingdon), Ltd.-1968.                   Published at The
Patent Office, 25 Southamvton Buildings, London, W.C.2,
from which copies may be obtained.    


