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Abstract An extension to Deschamps’s  theorem for a class of 3-tern~inal  bounded
structures with on(> axis of symmetry is presented. For these structures, a simple
relationship between the impedance matrix of the odd mode excitation of the
original structure ant] the admittance matrix of the even mode excitation of its
complement exists. lJsing this, a self-complementary grid amplifier is designed
and the measured results are presented.
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l)rcvious gri(l-array  allll)li(iers llavc  IIsr’(1  crc)ss(’(1-{lil)cll{  alItelllIas for itll)ut and out~)llt  [ 1 , 2 ] .
‘1’IIc  curIeIIt distrit)llti{)tls 0 1 1  tlIw, dil)olc  alIt(JIIIIaS d o  IIOt lwrmit a silll~)lc sotutiolt for tile
unit cell.  (kIIsqIlcIIi  Ij. IJrcvious  $ri(l altll}lifirls lIave  lwcrI llIodclld usitlg al I al)})roxilnatc
trallsltlissiorl litlc  q(li\wl(llt c i r c u i t  ltlo(lc] ~2]. ‘I’l Ic crosswl-di}m]e  collstructio]l has tlIe ad-
di(iolla] drawl)ack that i t  Ic{l(liw’s  tlIe lIsc  o f  (Ii fkrctltial IJaiw o f  tratlsistols tltat must Iw
s})ccitilly fal)ricated fol  tllo al)l)licatioll. l’orio(lic  arrays of s(’lf-coll)j)leltlc’tltary  sylulllctrical
s t r u c t u r e s  ofkr  a ullil  c(~ll that CaII Iw II Iorf’ r(’a(lily  II Io(lclld. ‘1’lLis  collfiguratlol[ allows  tlIe
usc  o f  a  sitl,glc trallsist(~r l)or (I]lit  cell \vllilr l[laiiltail~itlg  cross-  1)olari7,rd  illl)ut slid out~)ut.

I II a 1959 I)aj)er  lks{lIalII})s  slI()\vc<l  that tlIc (icl(l solutions for tlIc corlll)lelllcllt of a structure
aIc qui~ralerlt t o  tlIc fiol(l sol(ltiolls for tllc (Illal of ttlat s t r u c t u r e . ‘1’IIc  colttt)lclllerlt of a
struct(lre i s  ol)taitld I)y rel)laci]lg  ttle Illetal jIarts of i t  \viill  frw sl)ace  and tllc al)ertuws
J$’itll IIleta].  IJsitlg t h i s  I)ro]wlty IIC })msclItc(l mluatiolls rclatil~g  tlIc  ~foltagcs arid curmrits o f
a cc~Itll)l(,rilf~tltary strllct LII(w to tllc voltagw  allcl c(lrrclits of tlIc origil)al st ructuw  [3] .

II(,Ic  \vc J)wse}lt al~ cxlvtlsiotl t o  tlIc’ lkwllallll)s’s ttleomlll for a syltkllleirical, 3 - t e r m i n a l
rectangular structure. l)ollti(lml  wit)l  e]wtric al]d IIlagtlciic walls  s[lcll a s  slIowlI ill IJig. 1 .
Adjaccllt  walls are of ol)l~(witc tylw. l;ig. 1 is tllc wa~regtlidc  rf’l)r(’sclltati{)ll o f  this lmutldcd
l)jalliir  structure.  ‘1’IIc  syr[l[tictry MC refer  t{, ill ttlis discussio]t  i s  \vitll  rcsl)ect to all a x i s
J)arallel  t o  either l)oulI(laIy. I I I  tllc followill~  {Iiscussiol) , all odd-l Ilodc  cxcitatioll  is dcfilld
a s  tile ttlodc w]terc  c(lllal  v o l t a g e s  \vitti  oljj)ositc lmlaritj’ al~~war  at l)orls a and 1) o f  tllc
str(lcturc as SIIOWII  ill I:i R. 1 ( a ) .  AI I CVCII-IIIO(IC cxcitatioIl i s  defilicd a s  tlIc IIkode  M’llew
eqllal v o l t a g e s  \vitll  tli(’ Mlllc l)olarity al)})ear  at lwris c slid d  of  tttc structure as sllo}vtl
ill l~i~. 1 (1)).  (~o)lsi(l(~r  ii SOUICC  cotlfig(lratiotl at tlIc  tcrl[lillals of  tllc structure ill IJi.g. 1  ( a )
t h a t  wsu]ts ill all od(l-III()(lf’  cxcitaliol[. At Io}v frc(l~letlcics  \vlIcIe  tlic structure oIIlj’ sul)l)orts
a  siilgl( ‘1’l+;h4 IIIOCI(,,  t Ilis {) CICI-IIIO(IC  excitation  gerIeIa{w a vertically })oliirizcd electric field
(}IT)  a t  tllc far-ficl(l. ‘1111(, COIIII)leIIICIIt  o f  t h i s  struct(lrc is slIo\v II III l~i~. l(t)). Accorditt. g
t o  lkscllaltllw’s  tlleolf’111 t IIC far-f  ic](l elect  ri( fielfl is ]Iorizollt  ally }mlarized  ( l ; } / )  and tllc
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Fig. 1. \l’a~’eguide  lt~}~lfst’t)tatif)rj o f  a Ijoi[tlcled syltltilctrieal structure. (a)  odd Inode.
l’ort 1 istllcseric,s cotlll)itlatioll c)fl~ortsa arI(l  t),sllowll t)ytw’ollol!ow d o t s .  (t)) ltvclI  Illode.
l)ort 1 is tllc Imralle]  cfj]llt>illatiotl  of  l)orts c aII(l (1, stloivll  I)y t w o  ovals.  l’ort 2 ill ( a )  and
(t)) is tt)c ,mrallel co]lll)illatioll of tile tlvo lmrts of ttlc wa,eguide.

excitaiioll  getleratilig it  is aII eveII-lilo(l(’ })oltiri7,iiti{)ll  sllow’11 ill l:ig. 1 (1)).  M’e define ~)olt 1 of
l;ig. 1 (a) as tile s e r i e s  colllllilla{iotl  o f  })orts  a allcl l), ali(l lIort  1 ill l~ig. l(l)) a s  tlIe I)arallcl
corill)illatioll of Imrts c alI(l d. ‘1’tvo lIollo\r  (101s ill l:ig.  1 (a) aIId two ovals  in Pig.  1 (h) s n o w
Imrt  1. \$’P will r e f e r  to lJ{JIt 1 of l~ig. 1 (a) alI<l 1 (1)) as ttlc o(ld arid CVQII-lI}OCIC de~rice I)orts.
‘1’lle Walreguides  ill l~i~s. l ( a )  and 1(})) extell(l to I)otti  sicles of tllestructuw.w.  llo~vcver,  due
t o  recil)rocity and to sil[ll)lify  tlIe analysis o f  !Ilis :~-l)ort str~lctuw tllcse })arallel  ports are
coli~l)illc(l iIlto OIIC 1)011. ‘IIIIC IIeW Imrt  (l)ort  2) llasllalf ttl{~cliaractclistic itnpdallceoffwe
sl)acc. M’e wi l l  wfcr to tlIc  l)aIallel coltll)i[lati{~ll of tlIese t~vo l]orts as tile wavcg(iide  I)ol”t.

IJortll(>l)orts  1 aIId 2slIo\vII  ill l~ig. l ( a )  aII(l 1(1)) a sitlll)le  equatiol) relates tllcX-lJaratnder
IIlatrix of  t i le  structu  lx, ill l“ig. l ( a )  a[i(l tlic }’-l]arattlctf~r  IIlatrix of  Fig.  1(1)).  ‘1’llis wlatiotl
is derived iIl [4] aIId is SII(JWII  })e!oiv:

Xojj
= 1):/’4

)’( jj
,j=l, ~i=:],~. (1)

u’l Iere 1/0 is tllecttaraclt’lihti{  itt)lw{liitlw  of floe sl)ace. Z~z? (i = l,2; j = 1 , 2 )  awt}lee]ernellts
of tllc Z-lllatrix wlatill~ tlI(’cJ(l(l-IIIC)(lt’  cxcitatiol[ of tllcd;~vice l)ort totlle vertically })olarizd
field a t  tile wavc~[li{lc  l)ott (I:i.g. l ( a ) )  ?tIl(l }“~jj  ( i  = l,2; j =  1 , 2 )  are tile ele]nellts o f  tile
}’-lllatlix relating tile evelI-IIIode  excitatioli of tile dciricc  }mrt to tile IIorizo]ltally  p o l a r i z e d
f i e l d  at tliewal’egui{lf 1)011  (I;ig.  l(t))).

'l`ll(J Iestllts state(l al)()v(a l)l)lyt c)allys  y][lttlt`tl  i(alstl( lct[lrfJ\vittl  I)rf’\riollsly  (lescril)[J(l  l)ouIl&
arim and its coltlpler[letll. I II tlIc case of a s(lf-ccllill)lcIil(Iltaly structure, there are additional
siinl)lificatioll. A  self-{otlll)lc!il~’tltary  str~lctllw is  OIIe lvtlicll loc)hs tllc sal(lc  WlIeII  tl~c Inetal
lwrt isexcllallged with tlIP Ilotl-lneta[ })art. I(’oI  a s(’lf-c{)llll)lc’rilellt  ary struct(tres tltis Ittea]ls
t h a t  tile odd-IIIo(le  X-l)alattletcrs aI(S wlat~xl  to  tile e\ ’cII-IIIode  }’-l)arallleters of  tllc sal~le

‘1’o Illake  tile
ill free  sl)acc.
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I I I  }Jracticc  this is aclli(le{l l)y cotlstrllctill~ Illc grid  011 a very  (Ilitl (1() -ltlil-tllick)  s u b s t r a t e
w i t h  a  IO}V  diclcctrir {x)llstatlt  (relati~’c CIiclectric colIstalIt of2.2). ‘1’0 kcc~) ttlc ilil)ut and
outl ILIt signals oItl Io~o IIiIl tllc }mlarizcr  IIletal  stri})s  are +45°  frol[l tile vcrticai.  ‘~’lle input
signal  that is itlcidellt fr(,lll tllc left ctIters tlIc irll)ut  l)olarizer Ilorli\al  to its strips (Fig. 2 ( a ) )
slid ,ge]lcratcs l{lJ cIIrre IIts 0 1 1  tllc itll)llt  g a t e  Ica(ls of  tllc grid  (lJig.  2(I))).  N’ig. 2(1))  SIIOMW
tlIe unit w]] o f  tllc gli(l  al[)})li{icr. (~llrrcllts  CIII ttlcoutlJllt  flraill  leads gcllerate all output
signal  ttlat  passes  tllr{j(l~ll  tllc olltl)llt ]Jolariz(,r. Sit[~ilar  t o  tllc co]l~’ctltiollal  grid  aln~)lifiers,
tllol)olarizcrs provide tullillgoftllc al[l})lifi(~r’s  ill~)ut and out})ut  circuits. ‘1’0 l)rovidc  I)iaslo
tlIc transistors a doul)l{,-si{le(l  dwigtl is Ilsul. ‘1’lIesourw Icads  ill cacll  colIllIllI arecollllcctd
tCJCaC}l otherari{! t)iasw] f’mltl t]lcfr’ol]t  o f  t]lcgri(].  A  lvirc  ])oIId COIIIICCIS cac]I  drai!l lead to
a via-llolc ttlat is coIIIIwtd to tllc I)acli s ide of  tllf’ grid. ‘1’IIc  {Iraitl I)ias leads ill OIICCOIUIIIII
are colIrIectd to cacll  (Jltlcl atId I)iasd  at ttlc Ilacli side of  tile grid. l~acl I gate is slIortd to
tllc source tllrollgll a IJOII(I  lvirc. ‘1’0 I)(!isolat(’  ttl(’gat(~c)fc)llecc,ll froln  tllcdraill oftllc cell
I)cIow,  a 0.15-111111-slot is IIsed to sel)aratc tttc tlvo. ‘~’lIrw  20-f)l’  cl]il) ca])acitors arc used  t o
lilakc ail I{lJ colltlectioll 1)(’twecll  tllc gate atId draitt o f  Ilciglllmrillg cells. ‘1’lIc transistors arc
l’ujitso 1JI,K012X1’  iVll;S1’l;’l”s. l)olid wires  at tltcgatcartd tltcdrailt o f  tlwl~lt’1’arv  used
t o  rcsoIIatv  witli ttl[’ illl)(ll  aIl(l o(lt})llt  cal)acitatlcc o f  tllc 1:1~’1’  arid  l)rescllt  ttlc al)})rc)l)riate
load fortllcullit  cell.

‘J’llcsoll(tioll  fclrtll(’  s(lf-collll)  lf~[llcritalyglifl atilljlifi{lis{liYitlf~cl  itltosol}ill.gfortlleodd  a]ld
evell-ltlo(le excitatiotis. (’AI)  analysis o f  tllc utlit CCII i s  si[n})k~r  for tile odc1-IIIode  r.wcita-
tioll [4]. IleJ\rlctt-  l)ackalcl’s  fligll l“rwIllcrIcy Struct[lrc Sittiulator (111’’SS) [5] is used  todcrive
tlIe Z-l)aralrleters o f  tlIc o(lcl-IIIodc  excitatiotl of tllc s(’lf-cc)ltl  l)lcltlf’lltary  utlit cell [ 4 ] .  ‘1’lIe
Y-})araltl(`tclso ftll(Jf J(il-]ll()(l(Jf 'xcitati()ll are(lerife{l usi[lg  (1) all(ltllc Z-l)araItlctcrs  oftlte
Od(l-l node. ‘J’tl(c(llliialftlt  c i r c u i t  lIlo(lcl of  tllcgli(l is dcrifd t)y col[ll)i[litlg  tllcwodd allcl
CJ’CII-IIIOCIC  Z atld }’-})iiratlleters  aII(l a tlallstllissioll-lille e(luivalcllt c i r c u i t  llIodcl  [~].

‘1’llegaill  o f  tllep;ri(l is hllowll  ill I’ig. 3. ‘1’llis .gai[l is Itlcasurcd for  a  draitt voltagcof 1.&5V
aIId a total  drain c(lrr[.[lt of SW II IA. ‘I’l Ie II IOa  SLIrCtl  lwak gain is IOC III at 8(; IIz. At }mIk gaitl
tllcdiffrretlcc Iwtwcell  tlI(’ l)iased  and u[ll)iase(l  gain isovcr20dl].  l>ortltcsc l)iascoliditioltsa
litlcar (lel)c,llclatlcc  l~ctlv((’tl tllci]ll)ut aII(l tlleo([tl)ut  })c)l!’(~ritl{licates  t h a t  tllc grid  isstat)lc.
‘1’lIe 3-rlll I)alldwidttl of t h i s  al[ll)lifict is 210hlll~. ‘1’llis lIarrow  I)alldw,idt}l i s  due t o  tile
illductc)rs usd at tllc gat(~ atld tlIc (Iraill  of tlie t r a n s i s t o r  it] cacti  unit cell.  ‘1’tle  grid  suffered

Input Actiw Olltpllt

b}:
-45”

II)pllt
lkmll

ak-tl  --—J+--  L’ —---A

(a)

QV Draino.2n1nl  _
4 Bias

F i g .  2 .  (a) I’ersi)cctil(  ~ic~v {) fas(,lf-co]lll] l(tll(lltar~’gricl a[til)lificr.  (1)) IJmlit  arid  I)ack side
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tllcir s(lI)l)ort.
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