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Abstract—We report the design and fabrication of a compact

. = 19 -3

microwave monolithic integrated circuit (MMIC) amplifier, which Emittercap  Si n+ P 2x10%em® 100 nm

demonstrates high output power at X-Band. A single-stage power . . 18

amplifier is demonstrated, with a double-mesa type SiGe/Si HBT Emitter Si n P 1x10%cm 100 nm

as the active device and spiral inductors and MIM capacitors as Spacer Si ..Ge i 5nm

lumped passive components. At 8.4 GHz, a linear gain of 8.7 dB, an P 0757025

output power at peak efficiency of 23 dBm, and a saturated output Base Sig;sGes P+ B 5x10%cm?® 20 nm

power P,,, of 25 dBm, are measured. To our knowledge, this is the . .

first MMIC X-Band power amplifier using SiGe/Si HBTSs. Spacer Sig75G€0.25 i 5nm
Index Terms—tumped passives, MMIC power amplifier, - 16 s

SiGe/Si HBT. Collector Si n- P 4x10'%cm 500 nm

Sub-collector  Si n+ P 2x10®cm? 1000 nm

I. INTRODUCTION

= Substrate Si(100) p- 1x10%2em? 540 um 3

ECENT advances in SiGe/Si heterojunction bipolar transis
tors (HBTS) [1], [2] have made them suitable for microwave
applications. However, power amplifiers using SiGe/Si HBTEg. 1. Schematic of SiGe/Si double heterostructure HBT.

have only been demonstrated at C-Band frequencies [3] a{lch) HBT exhibits anf,.... of 62 GHz with breakdown voltage
the demonstration of a MMIC power amplifier is still lacking. max 9

While the implementation of a MMIC power amplifier is usefuIBV“”’ 0f 22.5 V. The maximum gai¥max) at 8.4 GHz is 12.2

and necessary for system-on-a-chip scenarios, its succesg |The Gummel-Poon model parameters of the HBTs were
extracted from measured dc and small-sigdaparameters,

d_evelopment relies on the availabilit)_/ of high-performanc nd the accuracy of the large-signal model was verified with
SiGe/Si HBTs and high-Q factor on-chip passive componen Sad-pull measurements on the same devices. Detailed charac-

!n_thls letter, we .report.the measure d performance CharaCtFéﬁstics of the discrete devices have been reported elsewhere
istics of monolithically integrated single-stage MMIC poweE4

. i . X X ]. The on-chip matching networks were realized with mi-
amplifiers consisting of high-frequency SiGe/Si HBTS anf,omachined spiral inductors and SiO MIM capacitors, which

lumped high-Q passive elements. were fabricated on the high-resistivity > 10 000 Q-cm) Si
wafers (0.54 mm thick) [5]. Depending on the geometry and the
II. MMIC D ESIGN AND FABRICATION size of these lumped elements, the Q-factors of the fabricated

The development of high performance of SiGe/Si HeTSPiral inductors anq capacitors varied in the range of_ .10—16
was initiated with the device heterostructure design and®3d 40-70, respectively, as a result of reduced parasitic from
proper layout, taking into consideration the requirements gt micromachined structure. The input and output matching
high power handling capability, thermal stability, and high-fré?€Works were designed for high output power. The circuit
quency operation. The factors considered for optimization gfnulation and optimization were done with the help of HP
the heterostructure design have been described by us elsewférg Of LIBRA, based on the large-signal model of the HBTSs
[4]. The HBT grown by CVD is shown in Fig. 1. A double-mes£nd the measured S-parameters of the passive elements. The

process was used to fabricate discrete HBTS [5]. A ten-fing%trab"ity of the circuit was analyzed before the circuit layout
(2 x 30 um?, total emitter area is 78@m2) common-base V&S designed. The schematic of the circuit using a 10-finger CB

SiGe/Si HBT is shown in Fig. 2(a) and the photomicrograph

of the fabricated MMIC power amplifier is shown in Fig. 2(b).
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Fig. 2. (a) Schematic of MMIC power amplifier using common-base (CB) 51 15
SiGe/Si HBT and passive components; (b) photomicrograph of a fabricated ]
MMIC power amplifier (chip size, x 0.75 mn?). 0 R 1o
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Fig. 4. (a) Power performance of the SiGe/Si HBT MMIC amplifier biased at
Ve = —1.3VandV.p = 12 V. 23 dBm output power at peak efficiency
and 25 dBm in saturation were obtained; (b) power performance of the SiGe/Si
HBT MMIC amplifier biased alVrg = —1.49 VandV.5 = 7.8 V. Peak

PAE of 16% was obtained.

12

MAG (dB)

is 23 dBm (200 mW) and 25 dBm (316 mW) in its saturation.
Although the design of the circuit was optimized for maximum
output power, higher PAE (16%) was observed when the circuit
‘ was biased for optimum PAE, as shown in Fig. 4(b). The sta-
20 bttt Y bility of the CB configuration, compared to that of the CE con-
5 6 7 8 9 10 11 12 13 14 figuration, has been of concern due to the higher unilateral gain
Freq. (GHz) in the former case [6]. However, no oscillation was observed
Fig. 3. Small-signal performance of MMIC power amplifier with 8.7 dB gainat any _blas points, |nd|f:at|n_g th_e successful d_ES|gn an_d imple-
at 8.4 GHz and input/output return loss of 7.1 dB and 4.9 dB, respectively,@entation of the matching circuits. The small-signal gain of the
the same frequency. amplifier (8.7 dB) is 3.5 dB lower than th&,,.. (12.2 dB), in-
dicating large losses in the lumped elements. The major portion
shows the measured small-signal gain and input/output retwfnthe loss originates in the spiral inductors due to their rela-
losses of the power amplifier. At 8.4 GHz and with a bias dfvely low Q-factors. These inductors are also responsible for
Ip = —-92mAandVp = 7V, the small-signal gain is 8.7 dB, the relatively low input/output return loss. The discrete HBTSs,
with input and output return loss of 7.1 dB and 4.9 dB, respefabricated on the same wafer, demonstrate good repeatability
tively. These values vary with bias and the goal of these mea-excellent dc and high frequency characteristics. However, dc
surements was to optimize the maximum gain. Fig. 4(a) showsasurements on the HBTs which are embedded in the circuit
the output power, gain and power added efficiency (PAE) asshow lower current levels with the same applied bias. The re-
function of input power, measured at 8.4 GHz, with the HBT bduced currentlevel is a direct consequence of resistive loss in the
asedalVgp = —1.3VandV-p = 12V (class A) formaximum spiral inductors, which is a major disadvantage of these lumped
output power. The output power at the peak value of PAE (12%assive elements, in spite of their small area.
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