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A Voltage-Gontrclled Phase Shifter
Contest Winner Provides Design Flexibility for
Ph ase-S e n s i tive D esi g n s

By Thomas H. Mathows
wavetek RF Ptoducrs, lnc.

Many of toclay s complex ststens re-
quhe the ability to conttol the phase rela-
tionship ol two signals. Typical applica-
tions include delay line desciminatots,
phased antenna networl6 and oscillalorc,
Ouile ofEn these systoms are rcalizable
with flxed delay networks, but tot nany
appllcations there is a need to provide a
volAge'conlroll5d phase 6hitt. The design
pgsented herc won the althor a runngr-
up prlze in the Thitd Annual RF Design
Awarcls Contaat,

rf raditionally, ths prcblem of adjusting
I the pha8e ol an RF circuh has be€n

approach€d with vaiable lgnglh lines
oll€n resembllng alrombone slido. Engi
neers hav6 al6o boen known to vary
phaoe by cuttlng many lengths of coax-
€lcebl€andsubst i tunngunt i l thedesked
phas€ is obtalnod. This approach is
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Figure 2. Final circuit with input and output baluns.

38

lediouslo say lhe least and does nol allow
lhe phaselo be conlrolled dynamically. A
new approach to this problem uses varac-

ior diodes lo provid€ continuously va abl€
phase control,

Th€ ideal voltag+controll€d phas€ shift

Figure 1. Phase shift network.



{VCPS) would have several desirabte
characleristics. Obviously, these woutd
jnclude a wide range of phas€ control,
minimal varialion of insenion loss with
control voltagq and a flat magnitude re-
sponse, The range ol phase controlis, in
pan, delelmined by the s€lection of the
tuning diodes, Varsctor sel€ction is not
c tlcal. Howevsr, for a wide lange of
phase control, the varactor's capacitance
should be in the rsng€ given by equa-

1
c " lR;i (r)

Substitutlng F - 200 ohms and @ = 2r
(500 MHz) inlo oquatlon 1 indicates that
Cshould be ln the range of 1.6 pF. In this
deslgn, the BB\.31 wlll be ue€d. These
diodes wllltypically provlde I pF at 6 vohs
and €lnce lwo are u6ed In s€ries the
capacllance will be 4 pF, In addttion,
thes€ dlodss hav€ about a 4:1 capaot-
Enco ratio over tho 2 io 12 volt range, This
should result In e wlde lang6 of phas6
contol,

To insure a flat magniludo transf€r
chalacte.istiq the phase shltt ndtwork
thown ln Figure I was chos€n. ThtE n6t-
work iE ElBo known a8 an all-paas fllteror
d€lay equalizor Slnce thiE is a batenc€d
circult, balun3 wore Included on the input
and output of lhg flnald€sign (Flgure 2).
lransmESron lln6 balun3 w€r6 chosen
b€causg thgy ale €aslly rcalizablo at UHF
frcquenclss. For lowff tr€quency d€signs,
almnstormer balun could be eubtitut€d
for wider bandwidth and rcduc€d slze
while th€ transmlesion line belunsshould
bg one hElf wavelength at the VCPS con-
t€r fi€quency. For ROIZVU the v6locily ot
propagatjon is about 200 x 103 m/s, The
balun length is found wlth equatlon 2.

{200 x 104}
t = - - @ -

A1500 MHz, lis20 cm. The actualcir-
cuil operated over the desired rang€ ol
450 lo 550 MHz wh€n this balun was
l mmed to 16 cm, The 4 coils shown in
Figure 2 are allth€ samevalueand were
calculaled wilh equations 3 and 4.

The valua for C is assumed to be fixed
and js the geometric mean of th6 range
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Flgue 3. Voltage.controlled dslay..
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Flgure 4. VCD insenbn loss.
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oi capacilance provided by lhe varactors.
For lwo BBY31S in series this ls aboui 4
pF (The BBY31 provides aboul a 416 pF
range ftom 2 to 12 volls.). Since the
lransmission l ino baluns provide a4lo 1
impsdance lransformalion, lhe value lor
R is iour t imes the input impedance or
200 ohms. Evaluat ng equations 1 and 2
resulis n the values for ? and L shown

ao = 1.250 x loe rad/sec

L :  i60.0 nH

The phase shiftthrough a single slage
can be caculaled wlth equalion 5.

{ = -, ardanl-l

The amounl oi phase control througfi
this slage can be sstimated bycalculaling
the network phase shitt al lho exlremes
ofthe varactor capac lance and laking the
dilf€ronce. Thls diflerence s tound by

finding co at varaclor capacilances of 2
and I pF. Sinc6 lh€ nelwo* impedance
deviates from 200 ohms at lhese ex"
lremes, one should us€ equatiofs 6 and
7 for this estimate.

resirlcton is due primarily to lh€ limiled
bandwidth oflhe lransmisslon line baluns
and could no doubl be improved wilh
lump6d baluns.

Inseirion loss is shown in Fgure 4.
As long as low varactor voltages are
avoided, this loss is lessthan 3dB. [4ore
impoi(ant lhan the absolute ins€dion loss
is th€ varialion of loss versus tuning
volrage. Figurc 4 shows that, lor rhe 2 to
12 volt €nge, this varialion s less lhen

1
% = r c (6)

?01 :  1 .768 x 10s lo t  C :2 pF

ao, = 883.9 x 10e fof C = 8 pF

/ a ]  / o l
a { -  2  a r c r a n \  / + 2 a r d a n F l  ( n

For f = 500 IVHZ

L+ : 0.4n
Since lhe allpass nelworks arc con-

stanl lmpedance, the amounl ol phase
control ca. be easily increased bY
cascading several stag€s, Since this
d6s gn usestwoslages, the lotaleslimale
for phase control al 500 l'/Hz s 54.6
degfees. The actual circuit provided 70
dogrees oi control al 500 MHz ovst a 2
lo 12 voltluning rango (Figure 3). The psr-
formance ot this circuit is limilsd to the
450 to 550 IVHZ range. This bandwidth
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1-900 MHz RF Test l$trumeDts

Many Widc Band Engircering Com-
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MHz, 1-600 MHz, or 1-900 MHz opcration.
Others have narrower band widlhs. Mosl
products are available for O.E.M. applica-
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RF Analysers

Midatule RF Amplifiers

Impedance Bridges

RF Comparators

Inpeda.uce Converters

. RF Detectors

. DirectioMl Couplers

. Minimum l,oss Pad6

. RF Sweep Amplfiers

. RF Switches

. Hybrid Power Divider/Conbirels

WIDH EAND ENGINEERING COMPANY. INC.

l!l!g!kl adverliser since vol. 1 no. 1
1333 E Univcisiry Dr., Phocn'x  z 35034P.O.Box 21652, Phoenir AZ 35036

NFO/CARD 35


	VoltagePhaseShifter.PDF.pdf
	VoltagePhaseShifter2
	VoltagePhaseShifter3

