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Design of 94-GHz High-Gain Differential Low-Noise Amplifier
Using 65-nm CMOS
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Abstract

Herein, a 94-GHz low-noise amplifier (LNA) using the 65-nm CMOS process is presented. The LNA is composed of a four-stage
differential common-source amplifier and impedance matching is accomplished with transformers. The fabricated LNA chip shows a
peak gain of 25 dB at 94 GHz and has a 3-dB bandwidth at 5.5 GHz. The chip consumes 46 mW of DC power from a 1.2-V supply,
and the total chip area, including the pads, is 0.3 mm>
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Fig. 1. Schematic of the low noise amplifier.
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Fig. 2. Transformer model for impedance matching.

394

Z 0.2 MOSFET®| Alo|Est EgQle] 94 dudie
Ztz} 42 RCSH WE RCE REFT & glom, 19 2
AM Zi3 Z= 247t vt 2ol 73

E_'

&
E

le

{(70 [ ]1061)+RP+;wLP(1 ))] I jwLpk®

R\ o1

%= (W) (Rg C, ) @)

7} oA thy BOE9] A HdES YR 7] ¢
ANAE Z=27} Holokdith weby EdAzr 9] 7|4
A8 Rpot R7F YA ST 7Hg ek, L7 Folzle o
ST E ERAEMO k9 N2 2] (3), (9} ol +F
/‘~ oh;}

I9 32 AAS 719 @7k ASE A Gohs 99

[(ry+ Rp)* +(@Lp)* —20° LGy +(@CyryRyp)* + (0 LpCyry )] X 0C, (R, + R)
(ry+ Rp)oLp+@*LCiriRp+ (wLp)* + (0’ LyCyry)* — @’ LpCyri] x G, (R, + Ry)

- >

&)
N:
(R, +R)|(ry+ Rp—”LpCyry)? + (0L p+ wCyr Rp)*]
L2 (ry+ Rp+ o’ Cir2Ry) @)
o
14 ® Self rescg[\_a_[\_ce
124 ° . .
1.o_k_d_|_f:f!§ulttoach|eve R S
0.8+
0.6+
04+ \-\.\\\l\
02 T
20 2'5 3'0 3'5 4'0 4'5 5‘0 5‘5 8‘0 SI5 7'0 7'5
Lp (pH)
a8 3. AAS AfE $3719 & 7 A9d s A
Aol 27 EdaEee) Adw NI A

A k

Fig. 3. Turmn ratio N and coupling coefficients & of the trans-
former required for interstage impedance matching
of the designed LNA.
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Table 1.L,, k and N of transformers used for impedance

matching,
Ist to 2nd & 3rd to 4th 2nd to 3rd
L, 41 pH 46 pH
k 0.4 0.42
N 1.2 1.2

Input 15't0 2"/ 3 to 4™ M9 1.325
Hm
\"]
1.45 pm
2:1 Lateral 1:1 Lateral
Line width w=5.5 um w=5um
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nd rd 8
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Fig. 4. Transformers used for impedance matching and metal
layer information of 65-nm 1P9M CMOS process.

AH)9 50 Q JIE29 HES T ARAHAE I
glato] 747} 123 2:19] AAdn|E AAlS o ek v
) Abg M3 Al Fxsto) st &4 F017] s A
N- 2 G, GE F7Hembl 7F o] nlojoj s Mok

Eusze ) AHYS olgd FIAA

I 58 & AlZ8old 21t

AA s AZE ZZ71E 65-nm 1PIM CMOS ZHCZ
T

A28k & Anritsu AR MS4647A HE U EYIEA
df &3 ZEWOR A5 BA4E SHY 4

94 GHzoll Al 25 dBS] &} o] 53} 5.5 GHz

o] 3-dB &S Koy, Aol A%4Z A& HA4
I A8 PigE 22t 7.9 dBFF —24 dBme|t}. Al

25 e s 8 03 mm’e WAL 7HAH, 1.2

5-nm CMOS ¥4 & A}ﬁs}cﬂ 94 GHz
AR AR At SH71= 4

rh
rir
Mo
é
F_{F
T o

AR —Z—%ﬂ% 47

i‘U

395



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 29, no. 5, May 2018.

B2 Afs $3%7 4% v

Table 2. Performance comparison with other works.

Ref Process Type Peak gain Peak gain 3-dB BW | Noise figure Pias Ppc
(dB) | frequency (GHz) | (GHz) (dB) (dBm) | (mW)
[6] 65-nm CMOS | 6-stage single-ended cascode 84 20 6.8~104 - 21
[7] 65-nm CMOS | 3-stage single-ended cascode 13.5 82 19 64~84 —15.1 47
This work | 65-nm CMOS 4-stage differential CS 94 5.5 7.9~8.7* —24* 42

* Simulated value
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Fig. 5. Chip micrograph of the LNA.
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Fig. 6. Measurement results of S-parameters of the LNA.
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