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ABSTRACT

A Ka-band hi gh power , si ngle power  suppl y SSPA usi ng mm wave
power PHEMT process has been successf ully devel oped f or LMDS
(Local  Multi-poi nt Di stribution Syst em) appl icat ion.  Oper ated under
5V si ngle power  suppl y, t his f our st age ampl ifier has 23dB of  l inear
gain and t ypical 33 dBm ( 2W) of  1dB gai n compr essi on power  f or
the ent ire 900 MHz bandwi dth ( 27.5 ~ 28. 4 GHz) .  Thi s ampl ifier i s
designed t o meet  t he demandi ng hub st ation l inearity r equirement of
DAVIC speci ficat ion f or gr ade A QPSK modul ation of  dat a and vi deo
transmissi on. When oper ated at  30dBm ( 1W) power  out put wi th
single channel  band l imited si gnal, t he spect ral r e-gr owth i s -
35dBc,  3dB bet ter t han t he -32dBc per formance t arget.  To our
knowledge,  t he l inearity per formance pr esent ed i s t he best  r eported
so f ar f or t his appl icat ion.

INTRODUCTION

Recent  emerging commercial wi reless applicat ions have si gnificant ly
increased t he need f or hi gh power  ampl ifiers i n t he mi llimeter wave
frequency r ange.   Speci fical ly t he appl icat ions i nclude hi gh dat a r ate
point t o poi nt di gital r adios at  23,  26,  & 38 GHz,  poi nt t o mul ti-
point LMDS at  28 GHz,  and Ka band VSAT t erminals at  30 GHz.
Needs f or hi gher spect ral ef ficiency dr ives t he use of  hi gher l evel s of
modulations l ike QPSK, 16 QAM,  & 64 QAM whi ch i n t urn
necessi tates hi gh l inearity ampl ifiers t o be used at  t he out put of  t he
transmitters.  Power  l evel  r equirements, dependi ng on t he
applicat ion, var y f rom 0.5W to gr eater t han 2W.  Thi s paper
descr ibes a hi gh l inearity 2W ampl ifier desi gned speci fical ly f or t he
US LMDS hub t ransmitter appl icat ion [ Ref.1] .  Thi s ampl ifier uses a
mm wave hi gh per formance power  PHEMT devi ce.  The desi gn
approach and devi ces can be easi ly adopt ed f or poi nt-t o-poi nt as
well as sat ellite power  ampl ifier appl icat ions.

SEMICONDUCTOR PROCESS DESCRIPTION

Product  devel opment st arted wi th GaAs pr ocess i mprovement.  The
proprietary hi gh per formance power  PHEMT process i s an i mproved
version of  t he pr ocess pr eviousl y devel oped f or mm wave sat ellite
communicat ion pr ogram [ Ref.2] .  Doubl e doped Al GaAs/InGaAs epi
material i s gr own usi ng i n-house MBE capabi lity.  Combi nation of
dry and wet  et ching i s used t o f orm the gat e r ecess.   Mushr oom

gate i s di mensioned t o 0. 15um at  Al GaAs sur face t hrough E-Beam
photolithography t echni que.  Thr eshol d vol tage i s adj ust ed t o be
around 0V whi le I max can be as hi gh as 550mA/mm.

Wafers ar e t hinned t o 2mi l t hick f or good t hermal per formance.  Vi a
are pl aced under  sour ce f ingers t o i mprove bot h el ect rical
performances by r educi ng sour ce i nduct ance and al so hel ps t hermal
performance by pr oviding heat  si nk next  t o t he hot  spot s.

Fig. 1  1. 2 mm Pr e-mat ched Power  Chi p

PRODUCT DESIGN

Amplifier desi gn i s t he r esul t of  t rading of f per formance, cost , and
applicat ion f lexibility [ Ref.3] .  The most  cr itical choi ce i s t he
impedance mat ching ci rcuit i mplementation.  Opt ions avai lable
include havi ng no mat ching, par tial matching, or  f ull matching ci rcuit
implemented on chi ps.  The chi p can al so have si ngle or  multiple
stage of  gai n f unct ions.

We made t he choi ce of  i nput -par tially-mat ched power  t ransi stor
design based on t he f ollowing r easoni ng: Hi gh gai n per formance can
be consi stently obt ained t hrough on chi p r epeat able mat ching ci rcuit.
The hi ghest  power  per formance can onl y be obt ained t hrough
matching ci rcuits i mplemented on l ow l oss cer amic subst rates.
Medium to l ow cost  chi ps can be avai lable by ef ficiently ut ilizing
GaAs material mainly f or act ive component  i nst ead of  havi ng al l
matching ci rcuits on expensi ve Epi  material.  Fi nally, maxi mum chip
applicat ion f lexibility can be avai lable by al lowing t he devi ce t o be
partially mat ched i nst ead of  f ully mat ched t o enabl e r e-t uning f or
any f requency wi thin 6 GHz bandwi dth of  t he cent er f requency.
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Elect rical desi gn ai ds ar e obt ained f rom ext ensi ve devi ce
charact erizat ion, whi ch i ncludes f our par ts: DC, smal l si gnal, l arge
signal, and l oad pul l.  Fr om on waf er measur ed DC dat a, a gm vs.
Vgs pl ot can be obt ained, and qui escent  bi as poi nt f or i nitial t est
can be sel ect ed f rom the pl ot.  Af ter bench dat a was t aken t o
conf irm the best  bi as poi nt f or bot h gai n and power  needs,  l oad
pull i s t han per formed at  t hat bi as poi nt t o obt ain power  and
efficiency cont ours.  Load pul l r esul t f or a 400um devi ce shows a
complex l oad of  mag 0. 6 and angl e 160 degr ee i s best  f or P1dB
and ef ficiency per formance. Thi s i mpedance l evel  and associ ated
performance i s t hen conf irmed usi ng l arge si gnal si mulation on HP
MDS syst em.

The out put matching ci rcuit desi gn based on r esul ts f rom load pul l

measurement i s f irst  i mplemented on 5 mi l Al 2O3 subst rate wi th dr ain
bond wi res ser ving as par t of  t he i mpedance t ransf ormer.  Af ter t he
load i s opt imized f or power , t he on chi p i nput  l ow pass LC ci rcuit i s
then desi gned based on S par ameters f or maxi mum gain and
stability anal ysi s.  Fi nally, l arge si gnal Root  model  i s used t o
simulate ampl ifier power  compr essi on and t wo t ones i nter-
modulation opt imizat ion.

Building bl ock chi ps ( Fig. 1)  have 1. 2 and 2. 4 mm gat e per ipheral.
Process eval uation has shown t ypical per formance of  350mW/mm
P-1dB and 9dB gai n at  28GHz.   Combi ning f our of  t hese cel ls ( Fig.
2 & 3)  at  t he out put st age on car rier wi ll have modul e per formance
of cl ose t o 34dBm.   Dr iver st ages ar e si zed conser vat ively t o ensur e
their bei ng l inear at  al l appl icat ions.

The f inal pr oduct  ( Fig. 4)  i ncludes f our st age open modul e whi ch i s
on a si ngle CuW car rier, an out put power  det ect ion f unct ion, and
biasing st abilizat ion and t emperature sensi ng ci rcuits whi ch ar e on
two pi eces of  PCB.  Al l of  t hese mat erial combi ned wi th i nput
isolator ar e f it i nto a 3” x 2”  housi ng wi th wavegui de connect s.

2.4 mm

Power Module

1.2 mm 2.4 mm1.2 mm

 Fi g. 2  Power  Amplifier Topol ogy

Fig. 3  Power  Modul e Layout
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Major mechani cal consi deration i ncludes car rier, i nterface,  and
housi ng desi gn.

Carrier desi gn has been cr itical due t o i ts hi gh power  nat ure.  I t has
to be t hick enough t o avoi d over  t emperature bow ef fect , whi ch
causes RF gr ounding pr oblem.  On t he ot her end,  i t cannot  be t oo
thick t o have t he ext ra gr ound pat h at  i nterface causi ng l ow
performance.  Our  sol ution agai n compr omised t he t wo r equirements.
We have maj ority of  t he car rier be 50 mi l t hick f or r igidity and
stepped down t o 25mi l t hick cl ose t o bot h RF ends t o accommodat e
the shor ter gr ound pat h need.

Our case desi gn t akes i nto consi deration of  bot h t hin f ilm hybr ids
as wel l as l ow cost  PCB a ssembly f or DC bi asing and power s
sensi ng.   Ther mal advant age f rom the heat  si nk t ub pr ocess,
spread out  f inger l ayout , and hi gh t hermal conduct ivity si ngle pi ece
package,  al l made t his pr oduct  cool er when used i n t he f ree r un
(without  cool ing f an) base st ation.  The est imated t hermal
performance based on si mulation as wel l as I R measur ement shows
a 45-degr ee C del ta bet ween f lange and j unct ion t emperatures.

Fig. 4  Power  Amplifier 3-D Dr awing

PERFORMANCE

Chip per formance measur ed on t en di fferent waf ers shows t ypical ly
29dBm P-1dB wi th 8. 5dB l inear gai n can be obt ained f rom the
2.4mm partially mat ched di e at  28GHz whi le bi ased at  Vd=5V and
IdsQ=450mA.
Final pr oduct s oper ate at  5V si ngle power  suppl y and at  45 degr ee
C f lange t emperature.  Four -st age modul e i tself does exhi bit cl ose
to 34dBm of  P1dB.   Af ter t his f our-st age modul e i s i nser ted i nto
the case,  over all ampl ifiers show 23dB of  l inear gai n and 33 dBm
(2W) of  1dB gai n compr essi on power  f or t he ent ire 900 MHz
bandwidth at  28 GHz ( Fig. 5) .  Thi s power  and gai n dat a i s t he
statist ics of  t he l atest  10 ampl ifiers.  Typi cal I MD3 at t otal out put
power of  1 wat t i s bet ter t han -28 dBc ( Fig. 6) .
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Fig. 5  Power  and Gai n Per formance

-65

-60

-55

-50

-45

-40

-35

-30

-25

-20

-15

23 24 25 26 27 28 29 30 31 32 33

Two Tone Power Combined (dBm)

IMD3 (dBc)

IMD5 (dBc)

Fig.6  Typi cal  Two Tone I nter-modul at ion
This ampl ifier i s desi gned t o meet  t he demandi ng hub st ation
linearity r equirement of  DAVIC speci ficat ion f or gr ade A QPSK
modulation of  dat a and vi deo t ransmissi on.  When oper ated at
30dBm ( 1W) power  out put wi th si ngle channel  band l imited si gnal,
the spect ral r e-gr owth i s -35dBc,  3dB bet ter t han t he -32dBc
performance t arget.

As t o r eliability, ot her t han r outine devi ce r eliability MTTF t est  t hat i s
in pr ocess,  we have per formed amplifier l evel  oper ation l ife t est .
Three 2W ampl ifiers have been DC bur ned i n at  85 degr ee C f lange
temperature.  RF per formance was const antly moni tored.  Mor e t han
1000 hour s of  dat a have been accumul ated so f ar on t hese uni ts
and no not iceabl e degr adat ion obser ved.
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CONCLUSION

A 2W SSPA based on advanced power  PHEMT process has been
devel oped f or LMDS base st ation needs.  St atist ical ly anal yzed r esul t
shows t ypical per formance of  33dBm power  and 23dB gai n.  Two-
tone per formances ar e t ypical I MD3 –28dBc when oper ated at  30dBm
output power .  When t he uni t i s pl aced i n cust omer’s t ransmitter
syst em and oper ated at  30dBm power  out put wi th si ngle channel
band l imited si gnal, t he spect ral r e-gr owth i s -35dBc,  3dB bet ter
than t he -32dBc per formance t arget.  To our  knowl edge,  t he
linearity per formance pr esent ed i s t he best  r eported so f ar f or t his
applicat ion.  Thi s same desi gn appr oach can be easi ly adapt ed t o
other hi gh f requency,  hi gh power , and good l inearity demand
applicat ions such as hi gh power  Ka band VSAT ear th st ation needs.
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