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Abstract

This paper proposes a CMOS low noise VGA. It
describes the noise optimization method of the
proposed VGA. The designed VGA provides of a 0
to 21.30dB gain variation and its bandwidth of
49MHz. The input reflected noise voltage is
484nV/sart-hz at 1MHz and noise figure is
1453dB(Rs=50 ). The VGA was fabricated using a
0.35-um CMOS technology.
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Fig. 1 Basic circuit of the low noise VGA
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Table 1: Summary of the primary CMOS noise source
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where;  V,(H%: gate reflected noise voltage,
I(N% gate noise current,
k : Boltzmann’s constant,
T : absolute temperature,

K : flicker noise constant,
a; : experimental constant,
u, : lattice mobility,

q : charge of one electron
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Fig. 3 Noise model of the low noise VGA

g 39 3129 input reflected thermal noise voltage
= (DS 2o Fojxdn.

Vi termal N =ARTCS: £ + £+ £ 52— M
oA71AM, g M9 transconductance, guq¥E M Y
channel conductance, g2 (3o FolA gz,
gr=1/R.ol%h. M;°] linear FAoNA FHSE, Mpe




0.35um-CMOS A3+ VGA

source followerZA 882 £,9% g2 (8)T
Zo] Folzn}.
a5 =2K(X-Y)

Em= \/—ZRle(ZX - Y-V Y-V ®

7N, Koo A B2 Cuf B e Cafholnh
)= @)y (Mol WYstd F=sd, Q% #
KQX— Y-V Y—Vp+e

K
Vi, thermal ) 24/@7(% V2K, 4KA(X— 1)°

+mﬁ‘) )
w}2kA, input reflected thermal noise voltage® 4
g &7 gaME, O 29 & K& 98 M9 WL
$ A dAY, © B 1,9 gate AXA X-YE
A$AY, © B & AY o[ 5L e & load AFY

of Aexojo} g} & 4o diFd SPICE A EH <]
A A 298 4, 28 5 & 29 63 2}

_ 4

B

€3 N

g1 \L

z2

2 \

8-1 T — ¢
| =4

S0 — —

100 150 200 250 300 350 400 450 500
wi/L1
I8 4 W/L, vS. Vi permar (Ko/K =3)
Fig. 4. Wi/L, vs. V% pema ( K2/K;=3)

_ 25
AN

&

g 2

3 \

£

215

g ‘M
[~

s 4 RO

02 03 04 05 06 07 08 09 1 11 12
X=Y (V)

:L% 5 X-Y vs. Vz,',,'y.em.a]
Flg 5 X-Y vs. Vz,-,,‘w

w
[3,]

«

N
~

. . —_— PR

1 2 3 4 5 6 7 8 9 10
RL (X100 ohm)

Y 6 Ry VS. Vi, e
Flg 6. R, vs. Vzﬁ.'w

w

Vin,noiss(nV/sgrt-hz)
n
)

_‘
[

Ze Wi o input reflected flicker noise voltage
£ 7 Q0s B

T2 _ Kn Kp 1 21
Ve, sicter{ D = (8%»1 L%g:ﬂ +gzm WiL;Cor X gm‘;) 7 10)

A7|M, Kn® Kpt flicker noise 45, L3} L,&
M M9 channel length, W& M, width, &
I g2 M9 transconductance® (11)3 7t}
gm=K\(Y—V7) an
5:3}), &3 11& Q0 dyste A=sed, 12)9 2
(Y- V)’Kn
LIKT(2AX—1)"*: 12)

(2X“ Y— VT)( Y— VT)KFZ )l_
AL3CoxK (X~ V)* f

Vi el ) = (

+

@A, input reflected flicker noise® #4337 9
ANE, O Mol Mo length® ZA dAY, O
X-Y& 7194y, ©® B & CwE 971 99
advanced technology”} A€ =ojo} et ¢ o
& SPICE AlEdeld A3 28 7, 2Y 8 9 =
d 99 2o}

:_131‘4', Ly, LZL} K, (K1/Kz=constant)§ aA s

W, M,9 sourcedl &A&t= poled 93} bandwidth7}

AFH], X-Y& power supply H¢tol 98 AFd

o. R;& 7199, input reflected noise® Zolz i b

W, total output noise= F7FstA |l 3 & Cox

€ $3] advanced technologyE A=FTHHE, power

supply Yol AFHET. wepA, ol § LA et
S AAsA A9 Holof @),

50
'g‘ 45 \
$ 4
3 35 \«(
(=3
‘3’ o t——
g 25 - -
00 b
08 12 16 2 24 28 32 36 4
L1 (um)

Y 7 Ly vs. Vi () (100HzZ)
Fig. 7. L, vs. V&, sicker () (at 100Hz)

40

N
\

10 \\k
\.\_._*'

0 . R . . : =
08 12 16 2 24 28 32 38
L2 (um)

¥ 8 L vs. Vi, rwl(H (100Hz2)
Fig. 8. Ly vs. V% s (at 100Hz)

<

Vin.noise{X10nV/sart-hz}

~199-



2000 &

ABETTEE FEHELBHAE

mXE H23% H1W 2000/6

A
o

IS
rs

IS
N

S
=

@

P

A\
_\
X\
\_

(&
A

— m——

vin,noise{X10nV/sgrt-hz)
W 8 W

01 02 03 04 05 06 07 08 09
XY (V)

[~
o

1% 9 X_Y vs. Vszfdtr(ﬂ (H)OHZ)
Fig. 9. X-Y vs. V%, fiae(#) (at 100Hz)

AAE VGAY &L AT g Algdeld dx
= 29 107 29 1Mhzol A 9] input reflected noise
voltageZt Al AL o15A 6.67nV/sart-hzol 3, °l

9 noise figure{ R,=5002)% 17.30dBeI ™.

® 1k 100k [ —— lx‘ 10x
23 10 VGAS F& AMEdHA d3
Fig. 10. Noise simulation result of the VGA

V. 573 23

Atd VGATE 035-um CMOS 33-& AM23ld
25t AZE VGAE T4 Mhzoldhe Fapgmo A
Fastr] g8 L 5899 &A% sine wave
method7} AH2-H QL)

AG" VGAY &R A soo] [7] 8l BAaldt
Hxste] 200 vt Yo AY o5 JEE WU
= 0-213dBol @, ABHolAAME 49Mhzel W E
& J}A= a3 8 -3dB bandwidthe 5.55Mhz
olt}y, (SEl: o UUYE F: Uth| IMhzol A9
input reflected noise voltager 4.84nW/sgrt-hzo|x,
R,=5009 M9} noise figurex 1453dBoiTy. &3 2

e g 9EFS AL)stne AEYD R 7 7T
Ha gt

-200-

X233 3% 8¢9
Table 2: Summary of test results
A ¢k
B e |
0-21.3 0-70 | -17-54
5.55(49) 20 71

Gain control range(dB)
-3dB bandwidth(MHz)
Input reflected noise
voltage (nV/sqrt-hz)
Noise figure Rs=50 0
(dB)
Output swing(Vpp) 1.2 1.6

4.34 9 53

14.53 19.92 | 15.32
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