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E-Band Power Amplifier Design for Radar Transmitter using 40-nm CMOS
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15.54 dBmo|™, A& 7} E&(PAE)S 17.92 %012 AHL 198 mWE 2R3t 2415 o] 52] 3 dB th99] 7% 669~

82.5 GHzo|™, DC % 4&Y =5 T3 W32 728x544 umo|Th.

Abstract

In this paper, we present the design of an E-band transmitter/receiver power amplifier implemented using a 40-nm CMOS process.
The proposed power amplifier comprised three stages. The first and second stages served as driver amplifiers, and the third stage was
configured as a power amplifier. To ensure stability, all stages employed a capacitive neutralization technique. The driver amplifiers
adopted a common-source topology, whereas the power amplifier employed a cascode structure to enhance the output power. For
inter-stage matching, a series inductortransformer network was used to achieve broadband impedance matching, whereas the input and
output matching networks used differential-to-single-ended baluns. The power amplifier achieved an output power of 15.42 dBm at 77
GHz, with a power-added efficiency (PAE) of 17.92 %, consuming 198 mW of DC power. The 3 dB small-signal gain bandwidth
spanned from 66.9 to 82.5 GHz. Including the DC and I/O pads, the overall chip area was 728x544 pm.
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Fig. 1. The schematic of proposed power amplifier.
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Table 1. Required interstage transformer value.

First interstage Second interstage
transformer (@80 GHz)|transformer (@80 GHz)
Primary L 330 pH 130 pH
Secondary L 100 pH 72 pH
k 0.56 0.51
Drain RC 176.8 Q || 31.5 fF 89.7 Q|| 56.3 {F
Gate RC 4.58 Q+63 fF 427 Q+73 fF
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Fig. 2. Proposed interstage matching network layout and per-

formance.
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Fig. 3. Simulated power gain of each stages.

49 o5

1100

50)

20 % PAE Contour

Load Traject: A 1
S ) N -

-~ -T7GHz =-=-81GHz

a8 4. RE-Z g0 2t Ford wE &9
AR YR AA

Fig. 4. Simulated load-pull contours and trajectory of out-
put matching network as a function of frequency.
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Fig. 6. Measured result.
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Table 2. Comparison with the previous reported works.
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Ref [2] | Ref [3] | Ref [4] work
CMOS
technology (nm) 28 65 28 40
Operating freq.
(GHz) 77 77 77 77
3 db-BW (GHz) 16.1 8.5 35" 15.6
Amplifier 2stage-C.S.|2stage-C.S.
topology 3stage-C.S. 3stage-C.S. I-TBFC | 1-Cascode
P sat (dBm) 12.15 15.82 13.5 15.54
Gain (dB) 23.6 264 26.5 323
P dc (mW) 122 240 150 198
PAE (%) 12 15.9 14.5 17.92
vdd (V) 0.9 1.2 1 09, 1.8
- 0.396,

2 *% *%
Area (mm°) 0.178 0.143 0.14 0.109"

"Graphically estimated, ~*Area without pad (core area).
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