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Ka-Band High-Power and Driver MMIC Amplifiers
Using GaAs PHEMTs and Coplanar Waveguides

A. BessemoulinMember, IEEEH. Massler, A. Hilsmann, and M. Schlechtw&tember, IEEE

Abstract—We report the design and fabrication of compact 2-
and 3-stage coplanar (CPW) microwave monolithic integrated
circuit (MMIC) amplifiers having high output power at Ka-band.
Based on a 0.15xm gate length GaAs PHEMT process, a two-stage
MMIC driver amplifier has demonstrated at 35 GHz, a linear gain
of 11 dB, an output power at 1 dB gain compressionP_; qp Of
350 mW, and a saturated output powerP,,; greater than 500 mW.
For the same frequency, the high-power CPW 2-stage amplifier
achieved a linear gain of 9.5 dB, withP_; 45 = 725 mW and
more than 1 W of saturated output power. Additional thermal
management resulted in an increased performance, namely,
10.4 dB linear gain,P_; 4g = 950 mW and P,y = 1.2 W. To
our knowledge, those are the highest output powers ever reported
at Ka-band for any uniplanar MMIC.

Index Terms—Coplanar waveguides, GaAs PHEMT, MMIC
power amplifiers.

Fig. 1. Photograph of the coplanar driver amplifi¢r 4 x 2.95 mm?).

I. INTRODUCTION

N CONTRAST to microstrip amplifiers that have demon- [{z&

strated high output power and good thermal propertie}; |
(e.g., [1], [2]), the coplanar technology still remains unused foRzg |
power applications. The poor power handling capabilities of&m
coplanar (CPW) result from the absence of via-holes and clo?
backside process, ensuring the thermal dissipation in microstr ;:,
circuits. However, with the emerging packaging techniques likg#
flip-chip, the coplanar technology becomes an advantageo

circuit (MMIC) fabrication [3]. Moreover, in combination with }

#
attached thermal bumps, the performance of coplanar pow
MMIC is significantly improved [4]. In order to advance the Yo
state-of-the-art in CPW MMIC design and to address the need
of a unified technology in modern packaged modules, mlflnmz
limeter-wave Ka-band compact 2- and 3-stage power amplifiers

g.2. Photograph of the 2-stage high-power coplanar amplifi¢(x 2.95

with high output power were developed. They demonstrated t waizds ol bims v v S T T

potential of the coplanar technology to realize lower cost pow
MMIC devices and circuits for local multipoint and multipoint

10

video distribution system (LMDS and MVDS) applications. %
m::-"
Gy 0
Il. MMIC PROCESS ANDDESIGN 8
=

The coplanar MMIC amplifiers were fabricated using ou 2
double é-doped AlGaAs/InGaAs/GaAs PHEMT process witt & 10
0.15:m T gates od” wafers. The characteristics are a peak RE
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5. On-wafer measured small signal gain, input and output return losses

Fig. 4. On-wafer measured output power and gain versus input power of {Elle‘gréus frequency of the coplanar 2-stage HPA

CPW driver amplifier at 35 GHz.

TABLE |
tranSCOﬂdUCtanC@? Of 810 mS/mm a maximum current den_ TYPICAL ON-WAFER CHARACTERISTICS OF THECOPLANAR POWER
, v T AMPLIFIERS AT 35 GHz (V4 = 3.25 VEPA) V= 0.0V, T, =25°C)
Sity 14, max Of 900 mA/mm, andBV,4 = 5.0 V off-state break-

down voltage. The MMICs are realized on 625 thick sub- Gy [dB] | P.ygp [dBm] | Py [dBm]| PAEy | Chip size (mm?)
strates and incorporate SIY[J NiCr resistors and 225 pF/nim _2-stage DPA 11 25.5 27.1 14 % 145 x 2.95
SiN capacitors 2-stage HPA 9.5 2856 30.1 12% 245 % 2.95

: P : 3-stage HPA 13.5 275 30 2% 2.45x2.95

The driver amplifier (DPA) consists of tw® x 60 zm de-
vices, driving four identical cells for an output gate peripher—

B

of 1.92 mm, and a chip size af45 x 2.95 mn?, as depicted in 5, ,, P_=30.1dBm (1025 mW) — s

—_

Fig. 1. The two-stage (Fig. 2) and three-stage high-power a.g I P_S:‘dB=28.6 dBm (725 mW)

plifiers (HPAs) are based on a similar topology, with output ga®
peripheries of 3.84 mm and chip sizes D85 x 2.95 mn?.

Based on the load line approach, rigorous design and lay(—
methods including thermal aspects were considered in the 0|4
mization of gain, bandwidth, and output power. The matchir
networks were realized with capacitively loaded and couple 4
transmission lines enabling flexible impedance matching a £
size reduction [5]. Large on-chip bypassing capacitors and re< 2
tive loading, combined with general and loop stability analysi 3 wafer110 cell2s, V =0V, V, =3.25 V, £=35 GHz ,\0\?‘%0

were used to prevent low frequency and odd-mode oscillatiol 5 10 15 20 25
ensuring the unconditional stability of the MMICs. Input Power [dBm]

Fig. 6. On-wafer measured output power and gain versus input power of the
coplanar 2-stage HPA at 35 GHz.

The MMIC amplifiers were tested on-wafer under contin-
uous wave (CW) operation at ambient temperature, althougérsus input power at 35 GHz. At;, = 3.25 V and for a
for GaAs CPW MMIC, this configuration is one of the worstotal supply current of 1.9 A, the output power is 28.6 dBm at
cases from the thermal point of view. Indeed, the heat genérdB gain compression (725 mW) and exceeds 1 W in saturation
ated in the channel region of the devices must travel througlf3®.1 dBm) with 6 dB associated gain. It is worth mentioning
625-m substrate having a high thermal resistance. Fig. 3 shothat thick wafers, and CW RF measurement result in a rela-
the measured small signal gain and input/output return losseely high channel temperatuie,, of the devices, estimated by
of the driver amplifier. At 35 GHz and fo¥;, = 2.75 V, the three-dimensional (3-D) thermal simulations and measurements
small signal gain is greater than 11 dB, with input and outptd approximately 85C [4], [7], limiting the intrinsic electrical
return losses below 35 dB. Fig. 4 shows the output power angerformance (i.e., reducegd, andl;) and reliability. However,
gain versus input power at the same frequency, measured vatiiwafer operation tests, under continuous RF drive for 100 h
our vector-corrected power measurement system [6]. The outphbwed no degradation in performance. The RF functional yield
power is 25.5 dBm at 1 dB gain compression (350 mW) araber a4” wafer, usingP,,; > 30 dBm as screening criteria, was
greater than 500 mW in saturation (27.1 dBm). For the Ka-baB8%. The characteristics of the CPW power amplifiers are sum-
2-stage CPW HPA, the measured small-sigitglarameters are marized in Table I.
depicted in Fig. 5. The HPA has a gain greater than 9.5 dB fromIn packaged solutions, the chip mounting conditions differ
34 to 38 GHz, as well as a very good output matching for aonsiderably from the on-wafer case and additional thermal
unbalanced topology. Fig. 6 shows the measured output powsanagement has to be performed. In order to verify the benefit

I1l. POWER AMPLIFIERS PERFORMANCE
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self-heating reduction clearly shows a significant increased
performance, with a linear gain of 10.4 dB, ; gg = 950 mW
andP,,, = 1.2 W.

IV. CONCLUSION

Ka-band amplifiers having state-of-the-art output power for
coplanar MMICs were fabricated. Thermal management, repre-
sentative of realistic package mounting conditions, improving
the overall performance, was also discussed. With more than
1 W output power, these compact monolithic HPAs are compet-
itive to microstrip power amplifiers (Fig. 8), and demonstrated
the potential of coplanar technology for high-power applica-
tions.

Fig. 7. On-wafer power measurements of the 35 GHz CPW 2-stage HPA with
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