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Abstract

A dB-linearity improved variable gain amplifier (VGA) for GPS receiver is presented. The Proposed dB-linear current
generator has improved dB-linearity error of £0.15dB. The VGA for GPS is designed using proposed dB-linear current
generator and composed of 3 stage amplifiers. The IF frequency is assumed as 4MHz and the linearity requirement of the
VGA for GPS receiver is defined as 24dBm of IIP3 using cascaded IIP3 equation and the VGA satisfies 24dBm when
minimum gain mode. The DC-offset voltage is eliminated using DC-offset cancelation loop. The gain range is from -8dB
to 52dB and the dB-linearity error satisfies +0.2dB. The 3-dB frequency has range of 35MHz~106MHz for the gain range.
The VGA is designed using 0.18um CMOS process. The power consumption is 3mW with 1.8V supply voltage.
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Fig. 1. Proposed VGA circuit.
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Table 1. Performance comparison.
Performance This work [7] [11]
Technology 0.18 ym 0.18 ym 0.18 um
Supply 1.8V 1.8V 1.8V
Power
. 3.04mW 6.5mW 1.8mW
consumption
. -8dB -52dB 0dB
Gain range
~ 55dB ~ 43dB ~ 16dB
Gain linearity
+0.2dB +1dB -
error
-24dBm -48dBm
pP3 3dBm
~ 30dBm ~ -17dBm*
3-dB 35MHz 32MHz
] 8MHz
bandwidth ~ 106MHz ~ 1.06GHz
Active area 0.3mm” 0.4mm” -

* P1dB

(Ve)ell tisk o]

HAr o5
-24dBm2]
18V A4
7P o5 S5
oA & o] o5

Z7)9]

=

A

A

A N ok

o

[1]

(2]

g

=

=
H
=

i
106MHz®] 3-dB F3+5 A&
%71 CMOS 0.18um &85
B 18V A9 Hgtell A 1.69mA2]
=M AR 7 o] 5 ST

Et sy e

252 2 500mVpp
g 82 o] o|5oA ¢
= o5 we} 35MH
o5 xd A

=
Sof Wajsl, 1 dB-ARAY 0AE

1

A 169mAS] AFE AR

=]
o
3
N
Hir
do o
o
2
-

A

il

3

ol A= GPS #2715 ¢

ettt Ji e dB-A ¥

A5 40.15dB= A A

-&ste] A" 7 o

e 7 o] 59 dB-H @4
]

= <~ = o
T BEALS

0, i

fo
’

2
Aui
=
2
i
rN
=i
i3
ox,

o

[¢)
=
=

oo dB-HYYS ALE T

T. Yamaji, N. Kanou and T. Itakura, “A
temperature stable CMOS variable gain amplifier
with 80-dB linearly controlled gain range,” IEEE
Journal of Solid-State Circuits, p.553-558, 2002.
W.-M. Christopher, “A variable gain CMOS
amplifier with exponential gain control,” Digest
technical papers IEEE symposium VLSI Circuits,
p.146-149, 2000.



20118 78 MSee ==X M 48 H SDE M 7 = 29

[3] C.-C. Chang, M.-L. Lin and S.-L Liu, “CMOS
current-mode  exponential-control  variable-gain
amplifier,” Electronics Letters, 37, p.863-869, 2001.

[4] W.-M.-C. Sansen and R.-G. Meyer, “Integrated
wideband variable-gain amplifier with maximum
dynamic range,” I[IEEE Journal Solid-State
Circuits, SC-9, p.159-166, 1974.

[5] Q.-H. Duong and S.-G Lee, “CMOS exponential
Current-to-Voltage circuit based on newly
proposed approximation method,” International
symposium on circuit and systems, pP.866-868,
2004.

[6] M. Cloutier, T. Varelas, C. Cojocaru, F. Balteanu,
“A 4-dB NF GPS Receiver Front-End with AGC
and 2-b A/D,” IEEE Custom Integrated Circuits
Conference, p.205-208, September, 1999

[7]1 Q.-H. Duong, L. Quan, C.-W. Kim and S.-. Lee,
“A 95-dB linear low-power variable gain
amplifier,” IEEE Transactions on circuits and
systems-1. regular papers, p.1648-1657, 2006.

[8] J. Ko, J. Kim, S. Cho, K. Lee, “A 19-mW 2.6 mm2
L1/L2 Dual-Band CMOS GPS Receiver,” [EEE
Journal of Solid-State Circuits, vol. 40, no. 7,
p.1414-1425, July 2005.

[9] B. Razavi, RF Microelectronics, Englewood Cliffs,
NJ: Prentice-Hall, 1998.

[10] C. Dualibe, M. Verleysen, P. Jespers, “Two-
quadrant CMOS analogue divider,” Electronics
Letters, vol. 34, no. 12, p.1164 - 1165, June 1998.

[11]1 F. Gatta D. Manstreetta, P. Rossi, F. Svelto, “A
fully integrated 0.18-um CMOS direct conversion
receiver front-end with on-chip lo for UMTS,”
IEEE Journal of Solid-State Circuits, vol. 39, no.
1, p.15-23, Jan. 2004.

SR

= F 7l 89)

20054 FFelstaL AA47) 473 53}
Y A} 2,

20074 @)k A2 FE 473 53}
FAFI A4 24,

20074 ~ @A) gl st A7 A7 5}3)
FE BTG AL, AL &

ohdmo 9 E4 AF Hz A4 20024~ A4 FLUsn ANAFEHE TR



