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Ab&Yact

Design figures are presented for four typea of dicde
F&32 shifters. _iecm is made of their bandwidths,
emlitis shown that rmst of them canwrk-ancctavs
baniwidth. ‘he fourth typeofphase ahifteris newueiq
lmped elcmnt high-pass * lcw-pass circuits.

Intrcductim

Three typs of @ase shifters are well kmwn: switched
line, reflection, ad loaded line. Although many versions
of these phase shifters have ken desigmri, _ of the
designa have fully exploiti the bardwidth pxsibilities
of &see circuits. l.bst designs to date have had abut
10% ~ hamiwmdth. Ea.lt mst of the C-ts have
the potential of providing cctave bmdwtd‘tbs. A new fourth
typ3 of phase shifter using Iun@ element high-pass and
lcw-pass Circllit.s has the @mtial of king smeller than
the other types ard providing slightly l&ctsr bandwidth
w eclw? of thfin. The four *S of phase shifters with
their design equations are skmm in figure 1.

The specification of bamiwidth de-s on tha system
~- - &Oad&md phass shifters for @ased array
rrdara require constant tire delay el-ts tile brmdbmd
_ sbiftars for serrcdyne nmiulaln.s or @ase oanpirrism
nef%mrke should have constant phase shift. TIE switched
line drd reflection typs of phase shifters are mxt suitable
for constant tires delay while all four -s csn be made
into constant phase shift devices.

SWitchexi Line Phase Shifter

The switched line phase shifter is inherently a crmstdnt
t.im delay device. It is made intc a censtan phase device
by using a Schiffman coupled line h one @ J Bandwidth
is liudted by phase error spikes and insertion 10ss spikss
intraluced by the switching dicdes. ‘his error is correctly
calculatiz using the methcd of symmetrical circuit excmtition.
‘Ike errors for a 90° differential path length are sham
as figure 2, for various values of L Calculations made
for the errors in a wide range of dif feremtial path langths
imiicate that large errors are causal by the off @h
when it is i/2 long as corrected for by the capscitancs
of the off dicdes. (Their capacitance ties then equivalent
to a short section of o- circuit terminated line. )
Wo error cccurs for 1800 phase ahif t ad with rrd.est dicde
isolation (20 d8) very little error is present frcm
~o~2ml/,1.800 for all @ase shifts squal to or less than

Reflection Phase Shiftsrs

‘I& reflection type phase shifter may Ee made either
with a circulator or 3 dB cnupler. Phase -rs are introduced
by the fwte isolation of the circulator or coupler ad
the dicde. A phase accuracy of ~2° requixes that inte.zvan~
mismatches nw.t have a vsws less * 1.023, wl-kh CXDXSSpfiS

@ a circulator isolation of greater than 40 dB, (assunimg

a. perfs=at dicxle is wed) . Te nake a widehwri constant
tmne delay @se shifter, it is necessary b have a very
~ circulator or 3 dB coupler and a very grd dicda
h front of the switched line section. These ~ts
are very difficmlk to meet, making the reflection ~
@se shiftsr difficult b usa for precision bred band
@as@ shifting. .scnE dsgree of crnpnent matching can
te u.sd to improve the accuracy fnm the device when the
nechanissn of finite cuxulator isolation can be closely
defined. lb make a widebard cnnstant phase shift dsv~ce
lure@ circuit dicxle parameters may be seleetad using
tile values given in figure 3. &re ~ &@ve ~d~
can be achieved for all phasa shifts.
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Inade3 Lins Phasa shifters

AK!D14atrice5 give She*de.ldY ofaloeiedlim

@ase shifter as

[

~ . *-1 ~ + (1-E#/2) tane
l-qjtane 1

in which ttm identical normalized shunting ~s

~ are separated by e=2Ti/1. ThiS equation was ~ ~

generate the solid -es given in figure 4. ‘I@ dashed
curves giwthe~ti —p- *S Czmnot exceed,

b keep VSWR lUJ. shunt stubs ad shunt h.qed element

dicdes give admittance -es approximately ~icular
tD the @sse curves. Widest b?dwidth cccwcs SIUUIKI

t/A= .25. Fi@re 5 shum the bsdwidth gossible with
1- cl-t dicdes for B . ‘l%e —s stDp when the
VSWRbeccms higher than 1.46. ?+pMtiwly the m
berdwidth is pxAble with shunt stubs. For 45° .38 =
Y&Ycl: 22.5”, .178: ad 11.25”, .082 in which y~ G.
the characteristic admittance of the shunting stub ad
y~ is the characteristic admittance of ~ transmission

llne . @tave bandwidth is available for 11.25° @ alnust
cxtave bardwidth is pssible for 22.5°.

I,qxd Elemnt sigh-k PaSS Phase Shifter

Wen the switches pt the circuit in the lm-pess

state @se is delayed ard whm iD the high-pass state
it is eclvamed. AIKD Matrices give tha phase delay throuqb

in which X~ is the n0r&dize5 s&les rea~ of ma
series element and ~, the normalized shunt -p~
of the shunt element.
sign, ‘s ~ ~ ~Z~~~~ZPTk’?iZ ~-
@sas for a wide range of r~ isahcwmbytheeolid
curves in figure 6. !mle-esarefDr*Mps c-t.
As frequency is increased a given set of circuit elmta
will have their cxanbined inpe3amss prescrike nuvenzmt
cm the graph tmard the ~ left corner. me cxmplinerl~
high pass circmnt will cause m-t ~ & 1-
right corner. M& circuits ted tD stay mtcha ard
lost @aseinonesta&_tik made up forby~
@ass in the other state. ME frequency depeniance of
these phase shifters is shcwn iD figure 7. Wcte that
@stave be.miwidth is availsble for A@450 d -t ~
cctave is available for A+=gfJO.

Ccndusions

Ml fcur typs of phase shifters cen giva cctavs Ixuxlwidth
fDr lCW values of phase sbif t. me ~~ ~f ~ chit
least likely to givs wide bandwidth is the lcade5 line
~. me tyFE? next mst difficult to wxk with is the
Eflaction ~ because of the strict rfqu~ts cm
titervening mismatches tc prevent phase errors. m switched
line @se shifter is IrOsc satisfactory for ccmstdnt time
delay phase shifting but the rsgion 90° .2~i/,1.1800 must
be avoidsd in either length. fis if the ~SS ~f~
were to be usecl in a phased array of much length ad laxge
-P ~91e th~ mny !300 nux. bits wu.ld hFWSh k ~~
for the longer tune delay ~ths. when & ~ti~ Ifie
@ase shif @r is .s@5 with S&iffman constant phaas delay
lines the long lengths of tie lfie~ ~m~~ the ~=~~
@ase shift l.xmdwidth tn ato.t 1/2 cctave. The new lunpd
elerrr?nt high-lw pass phase shifter gives ve?.y gccd constant
@&e Shift for A@590°. A practical cct.me bandwidth
constant phase shift phase shifter wmld use the naw -

phase shifters for all but the 180° bit which could be
a reflection device made using a very carefully matched

~ ~vekqth 3 dE muplar acd a pair of dicdes.
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4. Phase delay for a loaded line phase shifter.
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1. Circuits ad d6sign equatims for dicde phase shifters.
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2. Errors f0r@=90” switched line @a2.e shifter.
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6. Phase delay far a lwqxa3 elmxmt T section.
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3. Phase shift arKZ design prareters for ccnstant X
shift ref lect.ion typs phase shifter.

lcaddlinephase shifters.
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7. pregwncy dependence of High-km? F&SS lmpd elem!nt
T section phase shifter.
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