PATA =Y RCRMSIZE HER JI8 0 HEE S5 4

PTAT =7} TERARIZE A 43 # X
7hE ol 5 AAE FF7| AA 9-4-3

Design of Variable Gain Low Noise Amplifier
Using PTAT Bandgap Reference Circuit
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Abstract

In this paper, bandgap reference PTAT (Proportional to Absolute Temperature) circuit and flexible gain control of LNA (Low
Noise Amplifier) which is usable in Zigbee system of 2.4GHz band are designed by TSMC 0.18um CMOS library. PTAT bandgap
reference circuit is proposed to minimize the instability of CMOS circuit which may be unstable in temperature changes. This
circuit is designed such that output voltage remains within 1.3V even when the temperature varies from -407C to -50C when
applied to the gate bias voltage of LNA. In addition, the LNA is designed to be operated on 2.4GHz which is applicable to
Zigbee system and able to select gains by changing output impedance using 4 NMOS operated switches. The simulation result
shows that achieved gain is 14.3~17.6dB and NF (Noise Figure) 1.008~1.032dB.
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Fig. 1. Proposed bandgap reference circuit
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Fig. 5. designed gain variable LNA

. Al=aljold Hut

1. 2EEH3| 29| AZ0|M Ho}

ZERAAIZE 2Xx9 ¥gle A#gle]l AlA
de A AYE Ay A AT 3=
olth, AlEd o)A Ad -40~50Co] wat [t ¥
38 29 13~13vVE AY dAsAT 2%
2E 8 e "HEEeE AS B S Ut %
12 2%9 E M=y xR 3z &9
A4S b

1. 2ol oE &£ He
Table 1. Output voltage according to temperature

=9 AskV)

144

o
r

& 9al, AL X4 XNFE A HWE Q
T} =5

(0
-
=1 A i [e) e
z24% # Qdes A& ¢ F A

B 2. MEdold 3 vz
Table 2. Comparing simulation result

~o8111 | -18727 | -17.033 | -12.749
(dB) 18727 03
S22
-29157 | -23. 17545 | -9.690
| 2 3577 9
S120 g0g3r | 35038 | -34373 | -31.257
(dB) ’ ’ ’ '
Gain | ) 6 1637 1580 14391
(dB)
NF | 1008 1.010 1.015 1.082
Power
47 135 12.89 12.42
| 14 57

T3 LEZE 40~50T9 WHAE w3 IH
NMOS 4748 25 on A7 e AT 2
ZHAIZE LNA9Y AolE npojojaz HE3
7499 HAL3lA & AL o5 WIHE v
a9t 29 9= xR I2E AHEd Ao
HgokA] e A9 AgHolA Aijolr)

S-parameter (cB)

2 L . A L X ' .
L6G L8G 206G 2.2CG 246G 266G 286G 340G

freq (Hz)
(a)

—
o
T
=
g st
:

of
E 4 o 40
Wl

o L6G 1.8G 2-6(; 226 2'-‘“; Z.;G 2.3‘(; 3.")(;

freq (Hz)
(b}

a8 9. 2o mE 0|5 w3l
(a) OIFE, (b) 2TEY 3 E
Fig. 9. Change according temperature
(a) not using, (b) using Bandgap reference



PATA MHEY RCHMNRZE HEF DM 015 HEE 5| €3

Halo] whel o) mE A4S FIAI
TaA7IHA EEAJGES AR5 BAsF7)
el ol5 WEst A9 v AL ¢ 5 I
v. d 2
2 =%d A= TSMCAA AF3 CMOS 0.18
golHH TS o] sty 2 HA3 R 7Pd
AZE TE7E HASRIY. RF Alage

2]

_%
Halo] wiztslng AAYDS FFsE W
BAAIRE Arste] exwsle] ula
Atk =W,
24GHz 3t dolA o5& AT F U=

0 e & F
2o b1
rfo
kil

tob
i
N
R
r e
o2
ol
ol
=
oft
)
2
of
i
i
b

=
o W
i =
il
e
Of
o
N
2
2
EL
K
o 3L
[0 [}4
=,

o rir s
o 2 =
A
x lo M
!
of X
o |y

[
)
1o,
N
N
i
-9,
i
Br tt go ¥

D—
L o 1 O Rl e

fin}
o
X,
NS
pass
$ 5
fo rMr & X%
Mo
=2
9
By
Lo
e
b1

i
E3
e
i)
av
2
ol
1o
B
=

718 Z7MNF)E Aol T HAY Ao Alg )

[1] B. Razavi, Design of Analog CMOS Integrated
Circuits, McGraw Hill, pp. 377-400, 2001.

2] Y. S. Hwang, “Design of 2"24GHz Variable Gain LNA
and 24 GHz Low Power Folded RF Front-End,” =4
RE st AASH =&, 2006.

[3] Y. S. Wang and L. H. Lu, "5.7 GHz low-power varia-
ble-gain LNA in 018 um CMOS,” Electronics Letters,
Vol. 41, Issue 20, pp. 66-68, 2005.

[4] T. K K Tsang and M. N. El-Gamal, "Gain and frequency
controllable sub-1 V58 GHz CMOS LNA,” IEEE
International Symposium on Circuits and Systems,
Scotsdale, AZ, USA, Vol. 4, pp. 795-798, 2002.

[5] 49 3], "Optimal Design of LNA with Internal Tuning
Circuit,” F5ulgha AApske} =&, 2003.

[6] P. Andreani and H. Sjoland, "Noise Optimization of
an inductively degenerated CMOS low noise ampli—
fier”, IEEE Transactions on Circuits and Systems,
vol. 48, pp. 835-841, 2001.

[7] T. K. Nguyen, C. H. Kim, G. J. Ihm, M. S. Yang and S.
G. Lee, "CMOS Low—Noise Amplifier Design Optimization
Techniques,” IEEE Transactions on Microwave Theory
Techniques, vol. 52, pp. 1433-1442, 2004.

[8] T. H Lee, The Design of CMOS Radio- Frequency
Integrated Circuits, 2nd edition, Cambridge Press, 2005.

[9] H. C. Lai and Z. M. Lin, "A low noise gain— variable
ILNA for 802.11a WLAN,” Proceedings of the IEEE
Conference on Electron Devices and Solid-State
Circuits, pp. 973-976, 2007.

I |

20099 A4 uign AAYEES £4
20114 FYRS R AAA7FERE(F AL
<#4 & F> RFIC Circiut Design, RFID

<e-mail> hjchoi0822@naver.com

<e-mail> kojh77@gmail.com

145



FESHLUIEE =24 MR H4Z (2010. 12)

2 E
20089 AANEE HRENTEHT &9
2010 SY gz AAAIFHR(FEHA
20106 ~ 84 Z4distz AAA7) FER
AH#A)
<TAEok> 2150 BE 44 44, 34
A7A, Antenna

<e-mail> andorr@naver.com

ol &

20109 SYUtn AAHIFEHE &

20108 ~38A F9UsE AARNFHEA
Ab3t )

<@A Eob> RFIC circuit design,

Patch Antenna Design

<e-mail> yongdamdong@hanmail net

146

rAl- R

19854 M g&lga A714% &4

19874 A&uistm A7 FIHF A

1990 A&uigxn A7 FHF A

19909 ~20029 ¢AFUHE FRI&THE

g

1997 ~1998d RPI ¥ F WERS

20023 ~ @A FYUER AR/ FGY 2T

<fAjFol> AAA Y FAHA, RF 3
A2 AR

<e-mail> kimcaf2@cau.ac.kr

| vlo]AgglolH & 8



