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Abstract — This paper presents the performance of a W-

band low noise amplifier MMIC, based on coplanar 

technology, and utilizing 100-nm gate-length GaAs 

pseudomorphic power HEMTs. With a chip size of less than 

2 mm
2
, this two-stage LNA achieves a small signal gain of 

more than 12 dB between 90 and 100 GHz, with 12.5-dB 

gain and 3.9-dB noise figure at 94 GHz. This is the best 

reported performance for power PHEMT-based LNAs at 

W-band, which is also comparable to the best results 

reported with more advanced InP or Metamorphic HEMT 

low noise technologies. 

I. INTRODUCTION 

Passive and active imaging systems in the millimeter-

wave range have created a demand for low-noise 

amplifier (LNA) MMICs with high gain, large bandwidth 

and low power consumption. Thus, to address these 

applications, Indium Phosphide (InP), and other related 

metamorphic HEMTs, have been the subject of constant 

development over the last ten years, due to their excellent 

transport properties [1-4]. However these technologies 

still suffer from higher manufacturing cost, lower 

breakdown voltage, and device reliability issues 

compared to conventional GaAs PHEMTs. 

In this paper, we report the performance of a coplanar 

two-stage 94-GHz LNA MMIC, using pseudomorphic 

GaAs HEMTs. Compared to InP or MHEMT [5], the 

maturity of GaAs PHEMT technology is more advanced, 

offering more robust devices, and higher power densities 

at higher breakdown voltage. Already widely in 

production, this technology takes the advantage of a 

rapidly growing wafer size, up to 6 inches today, at the 

lower cost. Moreover, 100-nm gate length devices 

provide significant improved gain and noise performance 

compared to existing 0.15-µm GaAs PHEMTs, without a 

sharp technology shift. Besides, the coplanar waveguide 

(CPW) technology is very attractive at millimeter wave 

frequencies due to: the simplified fabrication process, 

excluding the necessity of backside metallization and via-

hole processing, the higher isolation between adjacent 

lines, and its compatibility with flip-chip packaging, 

among other advantages [1,2,6]. 

 

II. MMIC TECHNOLOGY 

The W-band LNA MMIC was fabricated on several 

pseudomorphic 4’’-GaAs wafers. Based on the UMS 

0.15-µm power PHEMT technology, the structure of the 
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-side doped epitaxy was scaled down for the use 

0-nm class T-gates (22% InGaAs PHEMT), as 

 in Fig. 1. This millimeter-wave power process 

s typically an extrinsic transit frequency fT of more 

50 GHz at 3-V drain bias, a peak transconductance 

50 mS/mm, a maximum drain current density Jd,max 

0 mA/mm, and more than 7-V gate-drain 

own voltage. Due to short source-drain spacing, 

ource and drain resistances are as low as 

4 Ω·mm. All coplanar MMICs are realized on 

 thick substrates, with two gold metallization 

 30 Ω/� TaN resistors, 250 pF/mm2 SiN MIM 

tors, and airbridge technology. 

 

 SEM microphotograph of UMS 100-nm gate length 

HEMT technology. 

III. MMIC DESIGN 

hotograph of the W-band MMIC amplifier is 

 in Fig. 2. The two-stage amplifier consists of 

 µm PHEMT devices having source inductive 

for simultaneous gain and noise matching. The 

MIC size is less than 2.0 × 1.0  mm2. Further size 

ion, up to 0.5 mm2, is possible, by removing the 

ine at the output side. 

rous methodology was used for the design of the 

ar MMIC low noise amplifier. Optimum source 

 and power transfer were considered in the 

zation of gain, bandwidth, and noise figure. In 

to achieve compact size, the bias networks were 

y integrated into the T-matching networks, and the 

age was optimized for direct impedance 

rmation. Circuit stability was also of primary 



 

concern. Therefore, feedback source lines, large on-chip 

bypassing capacitors, and appropriate out-off band 

resistive loading were used to stabilize the LNA for the 

best trade-off between noise figure and gain, resulting in 

unconditional stability of the amplifier over the entire 

frequency range. 

 

Fig. 2: Chip photograph of the W-band coplanar LNA (chip 

size is 2.0 ×××× 1.0 mm
2
). 

A. PHEMT device optimization 

From preliminary characterization level, it could be 

estimated, that the best compromise between noise figure 

and gain, is obtained while the PHEMT devices are 

operated at 250 mA/mm drain current, for a drain voltage 

of 1.5 V.  Then, the single device gate width, and the 

number of gate fingers were optimized for minimum 

noise figure at the highest associated gain, on the basis of 

the scalable small signal equivalent circuit model 

represented in Fig. 3. 
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Fig. 3: Small signal equivalent FET & noise model used for 

the 100-nm GaAs PHEMT technology. 

The noise figure optimization is performed by means 

of the Pospiezalski model [7]. This simple model, 

compatible with the above small signal equivalent circuit, 

enables to represent the noise dependence through only 

two parameters Tg and Td, being the equivalent noise 

temperatures of the gate-source Rgs and drain-source Rds 

resistances respectively. In the present case, all resistive 

elements have an equivalent noise temperature of 

Ta=298 K, except the channel resistance 1/Gds, which has 

a higher equivalent noise temperature of Td=2100 K at 

250-mA/mm drain current. Fig. 4 shows the minimum 

noise figure NFmin, and the total input resistance 

Rtot = Rg + Rgs + Rs, as a function of the total gate width 

Wg. For the simple equivalent temperature model of [7], 

short gate widths give the lowest noise figure. However, 

our in-house noise model (dashed line), described with 

different formalism and other noise sources, shows an 
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ge. The optimum gate width for minimum input 

nce can be calculated from the small signal 

lent model of Fig. 3, and equals: 

g

gss

g

r

rr
W

+

=min, , (1)

g to a minimum input resistance Rtot,min=10.3 Ω for 

 width of 70-µm. Nevertheless, as the 40-µm 

 gives a lower noise figure for a comparable input 

nce (i.e. 12 Ω), a 2 × 20 µm PHEMT device was 

 chosen. An additional motivation for choosing 

evice geometry was that this gate width, and 

r of gate fingers, were used for model extraction. 

ore, the small signal model is much more accurate 

ny other, scaled down from a different device 

try. 
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Simulated total input resistance, and minimum noise 

(f=94 GHz) as a function of the gate width for a 2-finger 

 GaAs PHEMT (Vd=1.5 V, Id=250 mA/mm). 

lanar element models 

rate passive element modeling is essential at W-

requencies. The passive circuit simulation relies on 

urate coplanar element model library, derived from 

haracterization of experimental test structures, 

ted up to 120 GHz [6]. All CPW elements have a 

-to-ground spacing of 50 µm. Furthermore, line 

 considered in all coplanar devices. 

mportant coplanar element is the T-junction, which 

ents one of the most difficult discontinuities to 

, because its electrical parameters depend strongly 

 stub length, termination impedance, and become 

ncy dependent at millimeter-wave frequencies. A 

rror in the phase shift due to the branch line of the 

T-junction, can lead to significant mismatch in the 

l design at W-band. Precise models for the CPW T-

n (Fig. 5) use sections of transmission lines, and 

ges, with section parameters Zc and εre, being 

ted from measurements of various test structures. 

odel verification, test structures with cascaded 

ts in series (up to 8), were measured. The stubs 



 

are terminated with a short, for compatibility with a two-

port S-parameter measurement system. Fig. 6 shows a 

comparison between modeled, and measured S-

parameters for eight coplanar T-junctions (30-Ω ports) 

connected in series. Excellent agreement was obtained in 

both magnitude, and phase up to 120 GHz [6]. 
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Fig. 5: Broadband transmission line based model for the 

coplanar T-junction (picture: 50/70/30-ΩΩΩΩ junction). 
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Fig. 6: Comparison between simulated- (solid curves), and 

measured (symbols) S-parameters of 8 cascaded coplanar 

30-ΩΩΩΩ T-junctions, over the 0.5-120 GHz frequency range. 

III. MEASURED PERFORMANCE 

The S-parameters of the LNA MMICs were measured 

with an Anritsu 0.5-110 GHz ME78O8A vector 

network analyzer. Fig. 7 shows typical on-wafer small 

signal S-parameters, and noise figure from 75 to 

105 GHz. At a drain voltage of 1.5 V, and a total current 

of 20 mA (identical bias for each stage), this first-pass 

design LNA demonstrates more than 10-dB gain (S21) 

from 80 to 100 GHz, and 12.5-dB gain at 94 GHz. Input- 

(S11), and output- (S22) return loss is above 20 dB at 

94 GHz, which is very good for this frequency band. The 

reverse isolation (S12) is better than 20 dB over the entire 

frequency range. 

The device noise figure was characterized with the 

FhG-IAF noise measurement setup described in [8]. 

Using the same bias conditions, an average noise figure 

(NF) of 3.8 dB was measured between 90 and 100 GHz 

(Fig. 7, NF94GHz=3.9 dB). Fig. 8, shows the measured 

noise figure and associated gain for different bias 

conditions. The best performance was achieved at 
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 V and 10-mA drain current, with an average 

igure of only 3.6 dB, and 10.3-dB associated gain 

 the same frequency band (NF94GHz < 3.7 dB). 

figures as low as 3.1 dB, with 10-dB associated 

ere also measured at 99 GHz. 
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On-wafer measured S-parameters and noise figure of 

-band LNA MMIC at Vd=1.5 V, and Id=20 mA (75-

z). 
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 125 mA/mm,  250 mA/mm,  375 mA/mm
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Measured gain  and noise figure of the W-band LNA at 

V (top), and Vd=2.0 V (bottom). 

lly, Table I summarizes the state-of-the-art for 

age W-band LNA MMICs, realized in different 

logies. The performance reported in this paper 

100-nm GaAs power PHEMTs, compares well to 

est results achieved with noise-optimized InP 

- or MHEMT devices, respectively. 

LE I: COMPARISON OF VARIOUS REPORTED TWO-STAGE 

W-BAND LNA MMICS. 

 

] 

Gain 

[dB] 

NF 

[dB] 
Technology Ref. 

 8.5 3.5 100-nm MHEMT [2] 

20 2.5 100-nm InP [3] 

14 4.8 100-nm MHEMT [4] 

30 4.0 
100-nm GaAs Low 

Noise PHEMT 
[9] 

13 2.3 70-nm MHEMT [1] 

0
10.3 

12.5 

3.6 

3.8 

100-nm GaAs Power 

PHEMT 
this work 



 

IV. CONCLUSION 

The performance of a W-band low noise amplifier 

MMIC, based on coplanar technology, and utilizing 

100-nm gate-length GaAs pseudomorphic power 

HEMTs, has been presented. The device geometry and 

bias were optimized for best gain and noise figure. With 

a chip size of less than 2 mm2, this two-stage LNA 

achieves a small signal gain of more than 12 dB between 

90 and 100 GHz, with 12.5-dB gain, and 3.9-dB noise 

figure at 94 GHz, which is the best reported performance 

for power PHEMT-based LNAs at W-band, and is also 

favorably comparable to the best results reported with 

more advanced low noise InP or Metamorphic HEMT 

technologies. 
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