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INTEGRATED PI-IASE-SIIIFTING MICROCIRCUIT 

My present invention relates to an integrated circuit 
serving as a linear phase shifter for microwaves. 

Selective phase shifts by different magnitudes may be 
produced in a transmission line by subdividing same 
into a plurality of line segments, each of these line seg 
ments being individually switchable to introduce a pre 
determined phase-shift increment. The switching 
means associated with each line segment may include 
a diode alternately blocked or unblocked by applica 
tion of a suitable biasing potential. 
A principal object of my present invention is to pro 

vide an improved phase shifter of this general type 
which is of compact construction, inexpensive to man 
ufacture, and operative with great ?delity in a range of 
ultrahigh and superhigh frequencies. 
This object is realized, pursuant to the present inven 

tion, by the provision of a dielectric panel of semicon 
ductor material, preferably silicon, with a grounded 
?rst metallic layer on one major surface thereof (re 
ferred to hereinafter for convenience as the bottom 
layer) and a second metallic layer on an opposite major 
surface (referred to hereinafter as the top layer), the 
latter layer forming a conductor strip with longitudi 
nally spaced branch points de?ning the aforemen 
tioned line segments. Each branch point represents a 
discontinuity by forming a junction with a reactive 
shunt path constituted in part by the top layer and in 
cluding a diode integral with the body of the panel. This 
diode is of the PIN type, i.e., a junction diode with two 
heavily doped layers of opposite conductivity types (P 
and N) which are separated by an intermediate layer of 
substantially intrinsic conductivity (relatively free from 
conduction-determining impurities) and are portions of 
the panel body disposed adjacent the two major sur 
faces thereof. These diodes are provided, individually 
or preferably in pairs, with biasing means for selectively 
altering their conductivity to modify the magnitudeof 
the phase shift introduced by any of these line seg 
ments. 

Advantageously, in accordance with a further feature 
of my invention,_each diode is connected in series with 
a capacitance which is also integral with the monobloc 
panel of semiconductor material. With each metal 
layer separated from the panel body by a respective 
nonconductive layer, preferably consisting of an oxide 
of the semiconductor material, the capacitance may be 
a condenser of the MOS (metal-oxide/semiconductor) 
type constituted by one of these metal layers, the ad 
joining nonconductive layer and a doped portion of the 
panel body forming part of the associated diode. The 
biasing potential may be applied to the last-mentioned 
doped portion constituting the junction between the 
diode and its series capacitance. 
Such a diode may be connected either in series or in 

parallel with a transverse conductor, defined by the top 
metal layer, which extends from the corresponding 
branch point and is in conductive contact with one of 
the doped layers of the associated diode. The trans 
verse conductor, representing a signi?cant inductance 
at a contemplated operating frequency, may be re 
turned to ground (for high frequencies) at the bottom 
metal layer by way of the diode and series condenser 
or through a separate bypass condenser also integral 
with the panel body.v If the loop length is about a quar 
ter wavelength, it will represent an open circuit as seen 
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2 
from the main line in which case the transverse conduc 
tor may serve merely as a biasing lead, the diode and 
its series capacitance being then disposed close to the 
main-line conductors for capacitively bridging or effec 
tively short-circuiting them to establish a nodal point in 
the conductive state of the diode. With the diode seri 
ally included in the loop, the latter may measure about 
one-eighth of a wavelength to enable selective switch 
ing between capacitive and inductive shunts over a 
wide frequency range. 
The above and other features of my invention will be 

described in detail hereinafter with reference to the ac 
companying drawing in which: 
FIG. 1 is a diagrammatic view of a phase 

which the invention is applicable 
FIG. 2 is a fragmentary plan view of a physical real 

ization of the phase shifter of FIG. 1 in accordance with 
my invention; 
FIG. 3 is a cross-sectional view taken on the line III 

-- III of FIG. 2; 
FIG. 4 is a fragmentary sectional view taken on the 

line IV - IV of FIG. 2, showing a modi?cation; 
FIG. 5 is a view similar to FIG. 4, illustrating a further 

variant; 
FIG. 6 is a plan view similar to FIG. 2, representing 

another embodiment; 
FIG. 7 is a cross-sectional view taken on the line VII 
— VII of FIG. 6; and 
FIG. 8 is a view similar to'FIG. 6, illustrating still an 

other modi?cation. ‘ . 

FIG. 1 shows a transmission line with an ungrounded 
conductor L and a grounded conductor M energized, 
from a source not further illustrated, with high 
frequency oscillations O which may fall within the giga~ 
cycle range. At regular intervals (even though suchreg 
ularity is not always necessary) the line is subdivided 
into relatively short segments de?ned by junctions P, 
Q, R between the main conductor L and several trans 
verse conductors T1, T2, T“, T12 lying in pairs on oppo 
site sides of this main conductor. Each of these trans 
verse conductors forms a shunt path by being returned 
to ground at conductor M in a loop including a respec~ 
tive diode D1, D2, Du, D12 in series with an associated 
condenser C1, C2, C1,, C12. A biasing voltage is applied 

shifter to 

to the two diodes D1, D2, in the two loops bounding the 
line segment P-Q, by a common control lead S’ termi 
nating at the junctions J 1, J2 of their cathodes with the 
associated condensers C1, C2. In an analogous manner, 
the junctions J", J12 of the diodes D11, D12 with con~ 
densers Cu, Cm are connected to a control lead S" for 
the segment Q—R. If the corresponding diode pair is 
blocked by the application of a sufficiently positive bi‘ 
asing voltage, the loading effect of the corresponding 
branch ‘upon the main line is substantially eliminated. 
Conversely, the presence of an unblocking (here nega 
tive) biasing potential places the inductance of the loop 
as a shunt impedance across the two main line conduc" 
tors. Thus, the overall phase delay of the two-wire line 
can be altered at will, within a predetermined range 
(e.g., of 90°) and by a number of steps determined by 
the number of available line segments, through the se 
lective open-circuiting and short-circuiting of the asso 
ciated diodes. With the length of the loop defined by 
any of the conductors T‘, T, etc. equal to about one 
eighth of the free-space wavelength of the impressed 
oscillations O, which substantially corresponds to the 
propagation wavelength along the unloaded line, the 
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shunt impedance at points P, R etc. will be either ca 
pacitive or inductive, according to the state of the cor 
responding diodes. It will be understood that the re 
mainder of the line L, M, indicated in dotted lines in 
FIG. 1, may contain any desired number of further 
branch points and reactive loops. 

In FIGS. 2 - 5 I have shown several closely related 
structural embodiments of the system of FIG. 1. In each 
instance, the main line L, M and branches T,, T, etc. 
are constituted by a monobloc panel 1 of semiconduc 
tor material,v speci?cally silicon, provided‘with oxide 
coatings 2, 3 on its lower and‘ upper major, surface. A 
metallic bottom layer, extending over the entire oxide 
layer 2, represents the grounded conductor M whereas 
a similar but discontinuous top layer above oxide layer 
3 constitutes the main conductor L and its branches. 
The body of silicon panel 1 is heavily doped at P+ and 
N+ to form the anodes and cathodes of the several di 
odes D,, D, etc. These doped silicon portions, it will be 
noted, are separated by regions I of substantially intrin 
sic conductivity. Each zone P+, i.e., the anode of each 
diode, is in direct contact with an extremity of the asso~ 
ciated branch conductor T, etc. through a small aper 
ture provided in the upper oxide layer 3; the zones H 
are small blobs centered on these apertures, whereas 
the opposite zones N+ are relatively wide and are com~ 
mon to respective diode pairs such as the diodes D,, D, 
or D,,, D”. ’ v 

The top view of FIG. 2 is the same for the several 
modes of realization according to FIGS. 3, 4 and 5 de 
scribed hereinafter. In the basic embodiment, illus 
trated in FIG. 3, the biasing voltage is fedidirectly to the 
N+ layers of respective diode pairs via ‘incisions 4 
formed along the edges of the panel 1, each incision ex 
tending into the region of a respective zone N-l-V and 
being provided with a metal lining Sa connected to a 
source of control voltage not illustrated in these Fig 
ures. 

In the modification illustrated in FIG. 4, each zone 
N+ common to a pair of diodes such as D,, D, is ex 
tended at 6 into the immediate vicinity of the upper 
oxide layer 3 which is traversed by a metallic terminal 
Sb (of the same outline in plan view as the incisions Sa 
of FIGS. 2 and 3) connected to the source of control 
voltage. A bottom recess 7 in the silicon body 1, under 
neath the extension 6 of the N+ layer, serves to reduce 
the thickness of that body so as to minimize the depth 
of the zone of semiconductor material into which the 
necessary impurities must be diffused. 
_As shown in FIG. 5, which is particularly applicable I 

to panels of considerable overall thickness, the recess 
7 of FIG. 4 may be replaced by a wider cutout l7 un 
derlying the corresponding diodes D,, D, so as to mini 
mize also the depth of diffusion in the region of these 
diodes. x " 

Naturally, the conductivity types of the illustrated P 
and N zones could be interchanged with corresponding 
reversal of the polarity of the applied biasing potential. 
The entire assembly may be enclosed in a protective 

housing, not shown, with the necessary biasing leads as 
well as input and output connections, e.g., in the form 
of coaxial cables. These connections could also include 
microstrip lines of the two-conductor or three 
conductor kind, i.e., with one grounded and one un 
grounded metal facing or with two grounded facings 
and an ungrounded central metal strip. 
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4 
Even though the body of panel 1 may be lightly 

doped with N-type or P-type impurities, to control its 
resistivity which preferably should be greater than 
1,000 ohm-cm, it may be regarded as substantially free 
from impurities and therefore “intrinsic" as compared 
with the active zones N+ and P+. These active zones 
are produced in conventional manner by diffusion of 
the proper impurities from the respective panel sur 
faces. Recesses as shown at 4, 7 and 17 may be formed 
by selective chemical erosion, the conductive coatings 
on the body surfaces or their oxide layers being pro 
duced by known techniques such as vapor deposition 
of metal through a mask or over the entire surface with 
subsequent partial removal by photolithographic 
means. 

The condensers C,, C, etc., which insulate the metal 
lic top layer from the grounded bottom layer for direct 
current, may have such large capacitances as to consti 
tute virtual short circuits for the high-frequency inci 
dent waves. If desired, however, these capacitances as 
well as the effective capacitances of the associated di 
odes could be designed as signi?cant impedances in se 
ries with the loop inductance. These capacitances, 
therefore, as well as the dimensions of the loop conduc 
tors can be selected toyestablish a desired response 
characteristic. By virtue of their monolithic character, 
the diodes in their blocked state may be considered as 
having a capacitance equal to zero if their actual capac 
itance per unit length of the associated line conductors 
matches the distributed shunt capacitance of the‘ line. 
This is true whether the diodes are disposed at there 
mote extremities of the branchconductors as seen from 
central strip L, in the manner illustrated in FIGS. 1 — 
5, or are located next to this central strip as shown in 
FIGS. 6 - 8 described hereinafter. 
The distance d (FIG. 2) separating consecutive 

branch points P, Q, R may equal 'y/4'where 'y is the 
mean wavelength of the incident oscillation 0 (FIG. 1). 
The length of each branch conductor T, etc., and 
therefore of the corresponding shunt path, may be on 
the order of 7/8. The impedance of the main line L, M 
should be low compared with that of the shunt path to 
provide a large selective phase-shift increment per line 
segment. > ~ I ~ _ 

As illustrated in FIGS. 6 - 8, the reactive loops 
formed by branch conductors T, etc. in series with di 
odes D, and condensers C, etc. may be replaced by 
similar loops constituted by conductors S,, 8,, S,,, S,,, 
also part of the top metal layer, which are galvanically 
separated from central strip L and also serve as biasing 
leads for the associated diodes D,, D’, D,,, D,,,, the 
loops being completed by coupling or bypass condens 
ers CP integral with the panel body 1 serving to ground 
the remote ends of these conductors for high frequen 
cies. The diodes D, etc. are here shown disposed in the 
immediate vicinity of central strip L from which their 
anodes P+ are insulated by the upper oxide layer 3 
while being capacitively coupled thereto. In the em 
bodiment of FIGS. 6 and 7, strip L has a reduced sec 
tion at each branch point constituting the upper plate 
of the corresponding condenser C,, C,, C,,, C,,; the 
lower condenser plate, i.e., the doped zone P+ forming 
part of the corresponding diode, is directly connected 
to the associated lead S, etc. through an aperture in the 
layer 3. The branch leads, whose length may range be 
tween about 7/ 8 andry/4, are interconnected in pairs 5,, 
S, and S,,, 8,, by conductive links 9 in the form of rela 
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tively w'ide top-layer sections which also constitute the 
upper plates of the corresponding coupling or bypass 
condensers CP. The lower plates of these latter con 
densers are constituted, as shown in FIG. 7, by respec 
tive zones 10 of semiconductor material enriched with 
N-type or P-type impurities so as to have a signi?cantly 
reduced resistance. Recesses 8 and 11 on the underside ' 
of panel 1 again serve to minimize the depth of diffu 
sion in the region of the diodes and the coupling con 
densers, respectively. The biasing potential for the di 
odes is supplied by control leads, not shown, soldered 
or otherwise connected to the metallic links 9. 

In the embodiment of FIGS. 6 and 7, in which the 
blocking condensers C, etc. lie athwart the main line L, 
M, the branches extending to opposite sides of central 
strip L must be relatively staggered, as shown. Such a 
staggering is unnecessary in the modi?ed arrangement 
of FIG. 8 where these blocking condensers are shifted 
sideways with reference to strip L, their upper plates 
being constituted by lateral projections of that strip. In 
either case, the diodes D1, etc. are now connected in 
parallel with the corresponding line loops which may 
thus be selectively shorted out or, if desired, resonated 
by the capacitances C, etc. unless, by being designed as 
quarter-wavelength lines, they are permanently re 
moved from the high-frequency path. 

In the construction of FIGS. 6 - 8 the N+ zones are 
individual to the several diodes so as not to introduce 
a conductive shunt for the associated line segments. 
The conductive zones 10 may be produced by diffus 

ing a given type of impurity into the panel body from 
the top and the bottom thereof. 
The microcircuit according to my invention, enabling 

selective phase shifts up to, say, 90", may be coupled to 
a re?ex-type phase shifter connected across the output 
end of the transmission line L, M. Such a re?ex phase 
shifter, switchable between 0° and 180°, serves to dou 
ble the phase-shift increment selectively introduced by 
each line segment P-Q, Q-R, etc. and may comprise an 
other diode, similar to those described above, adapted 
to be alternately biased into a blocking or an unblock 
ing condition. As disclosed in commonly owned appli 
cation Ser. No. 97,750 ?led by Claude Vergnolle on 
even date herewith, now U.S. Pat. No. 3,705,366 the 
terminal diode of the re?ex phase shifter may be con 
nected to the main line L, M by way of a thin wire or 
ribbon in series with strip L having a length equal to a 
small fraction of 'y and constituting a signi?cant induc 
tance at the operating frequencies considered, an inter 
mediate point of this inductance being connected to 
ground through a condenser whose capacitance is of 
the same order of magnitude as the effective capaci 
tance of the terminal diode. 
The system described and illustrated has particular 

utility, for example, in a sweep circuit for an antenna 
array of a radar transmitter as disclosed in commonly 
owned U.S. Pat. No. 3,448,450. 

It will thus be seen that I have provided a linear phase 
shifter of compact construction, in the form of an inte 
grated monolithic microcircuit, which can be conve 
niently manufactured by'the use of current technology 
with elimination of all assembly work and all separate 
handling to complete the internal connections. With 
frequencies in the gigahertz range, the panel structure 
will have small dimensions and may be mounted on as 
sociated components of a similarly compact nature. 

I claim: 

6 
l. A phase shifter for high-frequency oscillations, 

comprising a dielectric panel of semiconductor mate 
. rial with a grounded ?rst metallic layer on one major 
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surface thereof, a ?rst nonconductive layer separating‘ 
said ?rst metallic layer from said panel, a second metal 
lic layer on an opposite major surface, and a second 
nonconductive layer separating said second metallic 
layer from said panel, said second metallic layer form 
ing a conductor strip with branch points longitudinally 
subdividing same into a plurality of line segments; a 
plurality of reactive shunt paths between said strip and 
said ?rst metallic layer formed in part by said second 
metallic layer and coupled to said strip at said branch 
points, each of said shunt paths including a junction‘ 
diode constituted by heavily doped portions of said 
semiconductor material adjacent said major surfaces, 
of opposite conductivity type, separated by an inter 
vening portion of substantially intrinsic conductivity, 
each of said shunt paths further including a capacitance 
integral with said panel in series with said diode and 
constituted by one of said metallic layers, the adjoining 
nonconductive layer and one of said heavily doped por 
tions proximal to the last-mentioned layer whereby said 
one of said heavily doped portions is common to said 
diode and said capacitance; and biasing means for se 
lectively blocking and unblocking any of said diodes, 
thereby modifying the magnitude of phase-shift incre 
ments introduced by the corresponding line segments, 
said biasing means including a conductive external con 
nection contacting said one of said heavily doped por 
tions while being separated from said grounded first 
metallic layer and from said strip by portions of said 
nonconductive layers. ' , 

2. A phase shifter as defined in claim 1 wherein said 
semiconductor material is silicon and said nonconduc 
tive layers consist of silicon oxide. 

3. A phase shifter as de?ned in claim 1 wherein said 
one of said heavily doped portions is common to two 
diodes forming part of a pair of consecutive shunt 
paths. 

4. A phase shifter as de?ned in claim 1 wherein said 
one of said heavily doped portions is disposed adjacent 
said one major surface of said panel, the latter being 
provided with an incision extending to said one of said 
doped portions from said opposite major surface, said 
conductive connection including a metallic lining of 
said incision. 

5. A phase shifter as de?ned in claim 1, in combina 
tion with a source of high—frequency oscillations con 
nected across said metallic layers, the length of each 
line segment being substantially equal to a quarter 
wavelength of said oscillations. 

6. A phase shifter as de?ned in claim 1 wherein said 
one of said metallic layers is said ?rst metallic layer, 
said conductive connection including part of said sec 
ond metallic layer. 

7. A phase shifter as de?ned in claim 7 wherein said 
one of said heavily doped portions has an extension 
protruding through the body of said panel into the im 
mediate vicinity of said second nonconductive layer, 
said part of said second metallic layer penetrating said 
second nonconductive layer and contacting said exten 
510B. 

8. A phase shifter as de?ned in claim 8 wherein said 
panel is formed on the side of said ?rst metallic layer 
with a recess substantially reducing the thickness of 
said body in the region of said extension. 
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9. A phase shifter as defined in claim 9 wherein said 
recess extends beyond the region of said extension into 
a section of said body containing said diode. 

10. A phase shifter as defined in claim 1 wherein said 
biasing means includes a bypass condenser grounding 
said conductive connection for high frequencies, said 
bypass condenser being integral with said panel. 

11. A phase shifter as defined in claim 11 wherein 
said one of said doped portions is disposed adjacent 
said first nonconductive layer and said conductive con 
nection includes part of said second metallic layer, said 
bypass condenser including a uniformly doped portion 
of said semiconductor material extending from the re 
gion of said ?rst metallic layer through the body of said 
panel into the immediate vicinity of said second non 
conductive layer adjacent said part of said second me 
tallic layer. 

12. A phase shifter as de?ned in claim 1 wherein 
each of said shunt paths includes at least one transverse 
conductor forming part of said second metallic layer 
and extending laterally from said strip at a respective 
branch point, an extremity of said transverse conductor 
making conductive contact with one of said heavily 
doped portions of an associated diode. 

13. A phase shifter as defined in claim 13 wherein 
said transverse conductor is integral with said strip at 
said respective branch point and forms an inductance 
in series with said associated diode. 

14. A phase shifter as de?ned in claim 13 in combina 
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8 . 

tion with a source of high-frequency oscillations con 
nected across said metallic layers, said transverse con 
ductor having a length substantially equal to one-eighth 
of the free-space wavelength of said oscillations. 

15. A phase shifter as de?ned in claim 13 wherein the 
transverse conductors of consecutive shunt paths are 
disposed in alternate pairs on opposite sides of said 
stri . 

12. A phase shifter as defined in claim 13 wherein 
said transverse conductor approaches said strip by said 
extremity at said respective branch point, said associ 
ated diode being capacitively coupled to said'strip at 
said branch point. 

17. A phase shifter as defined in claim 17 wherein the 
transverse conductors of adjoining branch points are 
provided with a conductive link at a location remote 
from said strip, said biasing means including said con 
ductive link and the transverse conductors intercon 
nected thereby. 

18. A phase shifter as defined in claim 18 wherein 
said conductive link is part of said second metallic layer 
and is provided with a bypass condenser grounding 
same for high frequencies. 

19. A phase shifter as de?ned‘in claim 16 wherein 
said biasing means includes a common control lead for 
the diodes associated with each of said pairs of trans 
verse conductors. 

* it it it It 


