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ABSTRACT - “sing chc concept a‘ trave,ing-wave 
gain rtages, ns”e, GBAE MMlC distrih”ted ampliners arc 
designed to achieve high-gain over scvcrat octaves of 

bandwidth. The easrsded single-stage distributed amplifiers 
(C88DAs) we used 8s traveling-wa,e gain stages to improve 
the gain performance of ~~n~~nrion*l distributed ampliticr 

(CDA). By EClePting the tow piss mtcr (LPF, ‘“palogv far LhC 
CD.4 and CSSDA and tuning the gain shape of CD.4 and 
CSSDA. a widcband performance Of the broadband 

smptificr, eallcd CDA-CSSDA-2 is obtained. The 
CDA-CSSDA-* achiever ***,.5 dB smdl rigna, gain from 0.1 
to 40 CHz with B chip size of 1.5~1 mo?. This distribotcd 

amptitier produces gain-bandwidth product (CBW) of 50.3 
which is the hi@,af among al, CG,, ba,cd distributed 

ampotien. The ,,a, group ticlay Of the propoml dirtributcd 

amplilicr ah proves the feasibility of thb methodology far 
digital optical eommunicationo and broadband puke 
spplicsitions. 

1. INTRODUCTION 

The principles of the broadband capability of 

distributed ampliticrs (DAs) arc well known [I]-[3]. The 
advantages of uniform gain, flat group delay, and low 
VSWR over wide frequency rangcs in DAs have also 
made I, possible to m,plcmcnt tbc DA m a broadband 

millimeter-wave rwewcr for digital OptiCal 

communications [4]-[S] and other pulse appbcations. 
Howcvcr, the pcrformanccs of thcsc DAs arc 

gain-bandwidth limited due to its optimum number of 

stagcs [2]. Those D.&s fabric&cd on In,’ substrates [4]-[6] 
have achieved higher gain-bandwidth products than those 

fabncated on GaAs [7]-[ 131. By adopting the proposed 
circuit topology on the GaAs substrates; a novel 
broadband MMK DA is dcslgncd and dcmonstratcs the 

gam-bandwidth product of 503 which is comparable with 

those amplifiers usmg Inl’ designs. 

There arc several DA dcslgns which tried to add gain 
stages to improve the gain/power capahilihes, but most of 

their 8am performances result I” band-pass shape 
[14]-[16], not as the full-band shape in convcnt~onal DAs. 

Using the concept of traveling-wave gain stages to 
maintain DA’s broadband performance, the cascaded 
single-stage distnbuted amphtiers (CSSDA) [,,I-[18] arc 

selected as broadband gain stages. Thn paper proposes a 
novel low pass filter (LPF) topology bctwcen the CDA 
and CSSDA to achieve the broadband performances. Two 

cascaded single-stage DA (2.CSSDA) and CDA with 
one/two CSSDAs (CDA-CSSDA-I and CDA-CSSDA-2) 

have been fabricated for the proof of concept. These 
distributed amplifier contigurat~ons achieve wide 
bandwidth and higb gain wth ft.5 dB ripple and flat 

group delay performance, which also prows tho fcaslbihty 

ofthis approach for broadband applications. 

II. DEVICE CHRACTERISTICS AND MMIC 

FABRICATIONS 

The MMIC distributed amplitiers were fabricated using 

GaAs-based pseudormorphic HEMT (PHEMT) MMIC 
foundry process prowdcd by TRW [ 191. The active devxe 
is a 0.15.pm gate-length PHEMT with a unit cwrcnt gun 

frcqucncy (f,) and a maximum oscillation frequency f,,, 
of XI and 120 GHz. The peak of transconductance and 

maximum current at peak transconductance (Iti,,) arc 400 
mS/mm and 200 mA/mm, rcspectivcly. The pass& 
components mcludc GaAs thin film resiston, MIM 

capaciton, mductors, and vm boles through a 100.pm 
GaAs substrate. The cntirc chip is also protected by 
silicon-nitride passivalion for rcliabihty conccm. 

111. CIRCUIT DESIGN AND ANALYSIS 

A two-stage MMIC CSSDA is designed in Fig. I(a). 
For the CSSDA dcsl8ns, due to the second order low pass 

tiltcr (LPF) configurations, the bandwdth of CSSDA is 
lionted compared wth CDA. Thercforc, usm8 CSSDA 

along, tt is not easy to achwved high gain and wide 
bandwidth designs’ slmultancously for millimctcr wave 
applications. Fig. 3(a) shows the mcasorcmcnt response of 

the I-CSSDA. which has a limited bandwidth, below 22 
GHZ. 

Therefore, the h&gain and broadband distributed 
amplitiers arc proposed, in Fig l(b) and I(c). which 
combined CDA with CSSDA mto new DAs. The first 
stage CDA is for wdc bandwidth and tbc second stage 
CSSDAs arc used as broadband gam stages to achieve 
high 8am and over several octaves of bandwdth 
slmultane&sly. The fonvard available gain of the 
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proposed distributed ampliticr sonply equal to Ihe 
multiphcatlon ofthc first and second amphficrs 

The novel broadband LPF topology between CDA and 
CSSDA is achieved through the transmnion line between 
the CDA and CSSDA as a scrics inductor and the shoot 
capmlor C,, of the first stage of the CSSDA. The ser,es 
inductor value can be controlled by adJusting the length of 
the wansm,ss,on Imc, and the yhunt capacator can bc 
optimized through the device size scIcc11ons. By tunmg 
the gain shape of the CDA and CSSDA, the gain flatness 
can bc cxtcnded to full-band of the proposed distnbutcd. 
amphtiers. Due to the matching advantages of the first 
stage CDA, the input VSWR of the proposed amplifier IS 
mmimizcd over a wide frequency range. There is also no 
in-stability problem as tbc frcqucncy approachmg the 
cut-off frequency of the gate or drain transmnsion line. 

The hncar PHEMT model used in the simulation is 
prowdcd by the foundry and IS lmplemcntcd m the 
commerc~,l CAD sotlwarc (LIBRATM from HP-EESOF). 
Three lypcs ofdistributcd amplifiers arc designed Based 
on the lincar sonulatmns, the port return losses of thcsc 
amplifiers are better than -8 dB and small signal guns arc 
2Ok1, 19+1, 21+1 dB in the dcsirc frcqucncy band. Flg.2 
shows the photos of the MMIC chips, with die SIZC of 1.5 
x I rr,,,?, 1.5 x I rd, and 1.5x2 rnm2, respectively. 

I”. CIRCUIT PERFORMANCE 

The proposed broadband MMIC two-cascaded 
single-stage dlstributcd ampblier (2.CSSDA) and 
combined conventional dislnbuted amplifier and one- and 
Iwo-cascaded single-stage distributed amplifiers 
(CDA-CSSDA-I and CDA-CSSDA-2) wcrc mcasurcd via 
on wafer probing. The small signal characteristics, P,d,, 
and group d&y were evaluated for the proposed 
broadband MMIC distributed ampblicrs Fig. 3(a) shows 
gain of 20 dB with flamcss *I dB and port rcturo losses 
bencr than -5 dB for the I-CSSDA I” the frequency range 
of 0.5-Z CHz. For the CD&CSSDA-I. thb mcasurcd 
gain is 19?1 dB and port retorn losses are better than -8 
dB in the frcqucncy range of 0.5-27 CHz as shown in Fig. 
3(b). For the CDA-CSSDA-2, the mcasurcd available 
gain is 22+1.5 dB and port return losses are better than -5 
dB in the frcqucncy range of 0.5-40 GHr as shown III Fig. 
3(c) with total dc power consumption 480 mW. It is 
onportant to now that the gain roll-off of thcsc amplifiers 
are very gradual, which IS important for digital 
applicatmns. as the sharp gain roll-off onen seen in 
distnbuted amplifiers will lead to CXCCSS~YC group delay 
peakmg and a detenoratcd cyc diagram [5]. Fig. 4 shows 
the average group delay 30flO ps of the CD&-MDA-2. 
The flat group delay of the proposed distributed amplifier 
is vcly important for digital opbcal commumcations. 
Tbc PldS of the proposed distnbutcd amplifier arc shown 
in Fig (5), which has 14 dBm output I-dB compression 
point at 30 GHz. 

Table I summarized the features and performances of 
the prcwously published distributed amphiicrs and (his 
work. Compared with the prcwously published results 
[4]-[9], this MMIC CDA-CSSDA-2 demonstrated the 
bigbcst GaAs based Gain-Bandwdlh product (GBW) 
performance 

V. CONCLUSION 

This paper prcscntcd the novel high gain and broadband 
distributed amplifiers, which combined conventional 
distributed amplifiers and cascaded smgle stage 
distributed amplifiers. The distnbutcd amplifier 
produces gain-bandwidth product (GBW) of 503, which is 
s,gn~ticanr,y higher than GaAs based dlstributcd 
amplifiers By s&cling the low pass filkr (LPF) 10pology 
bctwcen the CDA and CSSDA and by tuning the gain 
shape of CDA and CSSDA, the broadband performances 
are obtamcd. The flat group delay perfcmnancc also 
prows the feasibility of this approach, which is sutable 
for digital optical communication and broadband pulse 
?3ppliCatlO”S. 
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Tal ble I 
Summary of the prcvior ~sly published distributed 

Fig. I (b) 

Fig. I. The schematic of these new broadband 
MMIC distributed amplifiers. (a) I-CSSDA, (b) 

CDA-CSSDA-I. and (c) CDA-CSSDA-2. 
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FIN. 2 (b) 

FIB. 2 (c) 

Fig. 2. The chip photo of the broadband (a) 2.CSSDA (b) 
CDA-CSSDA-I. and (c) CDA-CSSDA-2 wth die SIX of 
I .5 x I mm’. I .5 x I mm’ and 1.5x2 mm’rerpectivcly. 
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Fig. 3. Measured the small signal performance of the 
novel broadband MMIC disaibutcd amplifiers. (a) 
2-CSSDA, (b) CDA-CSSDA-I, and (c) CDA-CSSDA-2. 

FIN. 4. Measured group delay of the proposed broadband 
MMIC distributed amplificr(CDA-CSSDA-2). 
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Fi‘g. 5. Mcasurcd the nonlmear performance of Ihe novel 
broadband MMIC distributed ampliticrs (CDA-CSSDA-2) 
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