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A 1~9 GHz temperature compensated ultra-wideband low noise amplifier

Zhou Shouli', Wu Jianmin', Zhang Jingle', Chen Wei*, Wang Zhiyu®
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Abstract: Ultra-wideband low noise amplifier is essential for reconfigurable RF front-end and wideband phased array radar,
and also is a dominating influence on sensitivity of the systems. This paper demonstrates an ultra - wideband low noise
amplifier with integrated temperature compensation active bias circuit. The temperature compensation active bias applying in
the LNA (Low Noise Amplifier) can effectively reduce the gain fluctuation caused by variation of ambient temperature.
Meanwhile, the bandwidth expansion technology is utilized to improve the high frequency gain of transistor and realize the 9-
octave operating bandwidth. The proposed LNA is fabricated by using 0.15 pm GaAs pHEMT technology with a dimension
of 2 mm 1.2 mm. The measurement results show that the LNA has low power consumption of 125 mW with 5 V operating
voltage. The operating bandwidth is 1~9 GHz with noise figure of less than 1 dB and gain of above 25 dB. The input and
output return loss is less than —10 dB, and the output 1 dB compression point is above 10 dBm. Significantly, the gain
fluctuation of the LNA is less than 1 dB in ambient environment of —55~125 °C.
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Fig.1 Low noise amplifier circuit topology

Bl 1, G, G, Cou 20900 i A28 18] 2% i
B LA RN 2 5 A G ) B e DEE 5 L
5 L D9 U A B Ak A S R A R R R A 4
Y e 3 B GOR % PR 5 B — GO A T A
FRIE , 5 — SR A B R T . Hoh Lo o LR
S P S P S R U, R BEL Ry T AR E 2R —
L%, C, o0 55 B LA, N8R GO L e B A
AU 5 35— GUBOR FR AR R b A R i R
S GO AR A R T 3 e o3 T R BH 3 T e ARt

LAy Sl A8 ML T B 15 HL H J%

AR G P I 2 5, 22 G R AR M A E
B E L il T A B RCT X A5 il 5 IR
P A B A 22 R AR A AR R T AR A AR S
BT 98 A 2 B 1R R 1035 pm 55 8 X35
pm. £ GRS T B AR bR B2 1R R
Rl BEFRBEFHMA[ERTHE
Table 1 Ultra-wideband low noise amplifier link budget

R P K A NF (dB) Gain (dB)
g 0.75 10
E it d 1.5 15
SREE 0.9 25
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Fig.2 Temperature compensated active bias circuit
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Fig. 3 Temperature compensated resistance tempera-

ture characteristic curve

i — B 2P I A T CR B R i £
Rrex (1)=2.68 X ¢+ 925 (10)
Horp R IR CIR B . 23] i
T I BH A TR R —
_RTR
R(T.—T)
it 1A% e I 6 s 55 688 P A V500G 1 e
B i H 3 IR VS AR 0 Gn T 4 BT
FEWER R 0.5 V. LG oI & A VBT,
Vo BEARFFLE 0.5 V,IFRIRME vV, 2. 4V,
A 0.1 VRSN, AR A 13 mA Ak
F 3 mA. RH F AW EHE KIS, V., 0.38 VAL
5 0.59 V, 5 V, B RR A — 30, A B
WA HIAE 2 mA LA .
Bl 5 R AN Rl & T a8 1 25 Gu bl V., 28

=0.0029°C !

B4 V. RILEV.ZLHHTEER

Fig.4 Simulation results of V,, and Id versus V,,
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Fig. 6 Simulation results of V, , and I, versus temperature
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Fig.7 Simulation results of G, versus temperature
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Fig. 8 Traditional parallel negative feedback circuit
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Table 2 Performance of broadband LNA

Frequency BW Gain Temperature NF Si1, S, Area Py
Technology
(GHz) (%) (dB) (C) (dB) (dB) (mm?) (mW)

CHk[12] 1.5~3.7 85 31.8 — 0.73 —6,—10 2.5X2 25 0.15 um GaAs pHEMT
Cik[13]  2.8~5.2 58 27.5 — 0.88~1.1 —8,—10 2.0X1.0 52 0.15 pm GaAs pHEMT
XWk[14]  3.2~14.7 127 34.3 — 1.3~1.6 —5,—5 2.5X1.5 45 0.15 um GaAs pHEMT
CHK[15] 9~12 28.5 17 —25~75 1.2 —10,—15 1.08x1.08 60 0.25 pm AlGaAs pHEMT
Ciik[16] 76~77 1.3 15 —30~100 3.5 —10,—15 1.88X1.2 38.4 0.19 pm AlGaAs pHEMT

A3 1~9 160 25 —55~125 0.75~1 —10,—10 2.0X1.2 125 0.15 pm GaAs pHEMT
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