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High-Speed Linear Operational Transconductance

Amplifiers for wireless and HDD systems

Student: Jun-Ye Lin Advisor: Dr. Chung-Chih Hung

Department of Communication Engineering
National Chiao Tung University

Hsinchu, Taiwan

ABSTRACT

In present communication systems;-analog filters have been widely adopted for
high frequency applications. Compared with the other types of analog filters such as
active-RC or switched-capacitor filters, Gm-C filters are more suitable for
high-frequency applications. The operational transconductance amplifier (OTA) is the
most important building block in the Gm-C filters. Linearity is a critical concern in the
design of the OTA. In addition, with the progress of the CMOS technology, the analog
circuit is required to operate under low supply voltage and low power. The process
tolerances and temperature variation will also degrade the entire circuit performance.
Therefore, how to increase the linearity for high performance Gm-C filters is a main
topic in the design of the OTA under new CMOS process.

In this thesis, two linearity improved structures have been proposed. The first one

improves linearity by using double differential pair to cancel the third harmonic
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distortion. In order to avoid reducing the linearity while tuning Gm values,
source-degeneration current mirrors are utilized for Gm tuning. This OTA works under
a 1.8V supply voltage with 1.21mW power consumption. The measurement results
show the HD3 of -68.94dB with 0.4-Vpp 15MHz input signal. Moreover, a 4-order
Gm-C lowpass filter based on the first OTA was also designed in this thesis. The second
one uses a linearization technique where MOFETs operates with constant Vg in the
saturation region, instead of operating in the triode region. Such an improved structure
will better facilitate high-frequency application. In order to further engance linearity, a
mobility compensation circuit is added to this structure. This OTA works under a 1.5V
supply voltage with 2.34mW power consumption. The measurement results show the
HD3 of -59.2dB with 0.4-Vpp 90MHz input signal. These circuits were all fabricated

by TSMC 0.18um CMOS technology.
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Gipo] B G- AL R T A 2 R PR 2 A 2.5
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tune

(2.18)

AT GG F (2137 F 0 ek Vigne TG - ZERE 0 RIGG > TR
v D A EFL R HRVds 2 4 ﬁ%p g B oE A R
AL E i~ HEORER o B G S (2.18)4 F Amg A R -3
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Input differentail Pair
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B - BAEHPREA AP LAY - FRETILE DA ] ¢ P PRIBT
LB TR AR o FS R R ARG 2 R (3.5) M S FS

HEAFQ LN - FEFAETIERAR R TR 2 P o T
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IR FEE G 27 ¢ R FIE
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3.2.2 L

JeM A AR TRERY - BAEFELE - BEHRE AR TRERCER
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&
Bo? o BARIM-L A B 3 KR o RIRNT AR A 7 L — Bl MOS A tmE R

WAOT IR R INRNRERET AT A

1} = 4kT Sg . (3.9)
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HiEgo-m O Fpe4p i ik e P AN LR 8y = 8minsy ° 1 5B (ex:
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R 1Y
2
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mS
R

2
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—
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FEASEAIFEO AN ARTE - BRI BT AG AR DTRE
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-

EEERBEROTRY 0 B R Y 2 f v 1R 3.3 2R
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A

&mp1mpa X R,
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B Cofe G LBAfBHEBARRT FE - (3115, » L R R E &
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gm1

Vo— VrH Vbs

Bl 3.5 AT ™ Vs gm B B

BERFEENFTE K B RS POCE R BRI R OE R Z T
(unit gain frequency) » "3 4v 4 #5035 2 BB 4 2% 23§ *U(phase

margin) > & BT B kS {8 T
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Boem® 50 {iB- HEH TROAMER - B B B HA F (Mobility
compensation) g § o i B B i & E 0 F B+ B % TSMC CMOS 0. 18 um

kFm v iTRRE LAV
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A e A L0 RS F(2.16) ~ (21D L B AR FRaE 0 RIW 2.5
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JI*{FM% TRz Ew ] ALVds 2 L6 8 » $RESRILAR Vds * ] 3
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#-(3.13)74F ~ (3. 12)F 7 m#3(3.14);:"
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I = :unCox ( ) ln(ch Vth)(l + AVtune) (3- 14)

3. 14)38 3 i 7 g R4 Vtune(Vds) eh B % pF > 7 0 fadd 1+ AV, ) &6
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fod e CHEHIR TR Z B A 3 B HAVds R AR R A4 T

THERAER o R FE - B S TR RS E T kP VdshE
BERHEAH L ET TR PSR - G AE[T][9]7 it A R
e e B B B R R VAP o f 4R 1T A e R » HVdsehA L B L
Flp AT A GRS 5 - B e R TR R Vds T o4 A ARG

B RVdsenT B F A fr R L A2 R R E T B

B. # &k

SR HORFAMAE AR AEENFEY % B o BEAE 0T
B i ;fg:f,eja“@fﬁviz}}f@% T U A ENEE R B R ¥ FS S
H 4o T B4R T A=t TR T (subthreshold region) » #7124 T B 9718 * ch5t 5 % € 3
fox boo w13, 7(a) ~ () A SIS — B A B diy » e~ H A 200
A g~ HEH

% Mlaand M1b & iF b fe® B @25 20K T i ¥ £ 7 & 54 3 (3.15)

w
ﬂncox(is) (VGS ¥ Vthn )2
LS

I = 1+ AV )
D ,sat 2 [1 + 9 (VGS 'Vthn ):I ( DS ) (3 15)

20 Co REG 2T HTH, o LRFBBF, 0 LABF ¥
e, Voo LNMOS Fft TR, A B Ep de e @ L E TR T rgd § 8
ERERB =

I,=1,-1,,=aV, +aV,’>+aV,’+aV, +- (3.16)

HeY cafkitht{fr®? ¥ AL E BT 85317

lLlnC()X Ws 0
= L (3.17)
32[1 +6(V,, ~V,)]'

a3,sat

@y Ma fo Mlb EiFasfeh w4 g2 BT i be 27 383 (3.18)
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IR R lAeip M fille, £ 2% oAl and Vi L08R & - & ¢ 54(3.18)
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) : 1
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. Vou($) _ 8, 157, _ A 1-s7, (4.4)
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@ 3 e fREE T oG L DCH E T LB 2 (4.5)5

VIN
+ Vout

s

- gm(l -STo)

i

B 4.3 AL E s E



32

PRRL i (4.5)
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DAPEBAFLL S 2007 0 AT LR S (4.6)5"
Ap(w)=arg[H ... (@)]+90° (4.6)

T RERE TR 5 @)
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Qnonideal (w) = M = tan(_ arg(Hnonideal (.]w))) (4-7)
R(w)
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5.1 f§ 4
fige] Y g T A SE- LEREEN T L R B T e R
— iy #icdy o Glde o & 0P 5 L (common-mode rejection ratio) -~ T i T v
(power supply rejection ratio) ~ % = 3% /& %4 Z (third-order harmonic distortion) ~ EZE"

WL B (third-order intermodulation) ~ = F# 3 4 (Third-order intermodulation)= /5 =~

Imfl'

5.1.1 # fige 5 v
- B TR ISP BRI S R R R0 - (5. 15
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BAP AT - AFuAEY » TRAAERE 70 - B ACRNM > A Bt

e ERBE T RRBRETAom AP T A B ORE R - BTRETR
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PS ‘/out / V ADM ( 5 2)
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FlpLE TR RV AR P R A BB R REL A
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HDl
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THD=lOlog(HD2+H[I’;;L *HDHJ (5.4)
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AR N ¢ ol o TRt E 2SR s o) B AR AR A B

,J.ol"]LL )

FAP R - B AU ksl 2 ovi(D) A S v (1) 0 RTE S B s

)

2T A (5. 5) 5

v, ()= av(t)+ay(t) (5.5)

ﬁlJa1Tra34\ B4 A MEBEIE Y Z B8 cnthdico £

P TBRR B~ SUBL

v, (t)= Acos (ot ) & 1 52 L 30 BE - E'Jﬁ%l DILELT U E
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v, (t)= [alA+%3A3}cos(wt)+%A3cos(3wt) (5.6)

@€ 33A3 <<aA v BRI Us 3SUELIE 2 SRR iR R &

H, =aA 5.7)
Hp =24 (5.8)
Ty
Pl F A AT R Z 2 B A 4e(5. 95
HD3 = | %5 |2 (5.9)
H,, 4a,

5. =162 4

nl

d A2 T F & M L E L i B AR BB AL g L
A R AL e Pl R E - B AR T R AR R s R - - BRIRIRA
Rt S 2 o Rm ER Y n RREEAL s 2 kBRI v a4 B
TRt ] B g X Tk B (stop band)#r#r#] > @ & BRI L B s o]
B gRAP AT RABRFTIEFDE F o FPA PR Z 3 A (IM3)
7 SRR TRk BT B PSR
ERY R - BIADRRG M- B A BRSO LR
gL IB%J NIELF L E A 4T N

V. (t) = Acos(@t) + Acos(art) (5.10)

BB BT 0 (5.5)8 (5. 10) 5 T 28 $ 4e(5. 1)
V.(t)=(aA+ 94 A3)[cos(a)1t) +cos(mt)]
+8 A[cos(Bayt) +cos(Gart)]
4 (5.11)

+% A’[cosRayt + wyt) + cosart + wt)]

+%A3 [cos(at = (@, = @)1) +cos(@y1 + (@, = @)1)]
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5.2 Al & 5 T F M Fy M ik B ot

% 5.1 #80F Bk B ame

Parameter Value
Power supply 1.8V
Power dissipation 1.2ImW

DC gain 43.8dB

GM value 180uS

HD3 -68.94dB

Vin (peak-peak) 0.4V
@Frequency 15MHz

CMRR 80dB
PSRR 83.2coiB

&4

Phase margin

% 5.2 w ,}a,ﬁ\ggm;;;nb
Parameter Value
Power supply 1.8V
-3dB Frequency 15MHz
Power dissipation 9.41mW
HD3 -53.11dB
Vin (peak-peak) 0.4V
@Frequency SMHz

Chip size

0.811 x 0.8210 mm’
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Referance 2004 TCAS-11[9] | 2008 ISCAS[10] | 2003 JSSCJ11] This work
Technology 0.35-pm CMOS | 0.35-pm CMOS | 0.35-um CMOS | 0.18-pm CMOS
Harmonic distortion IM3 =-65dB HD3=-53.3B HD3 =-66.5dB | HD3 =-68.94dB
@Frequency 20MHz 10MHz 100kHz 15MHz
Input swing Range 1.3 Vpp 0.5Vpp 2Vpp 0.4Vpp
Trans-Conductance 140ps 64.5us 90us 180us
Supply 3.3V 3V 2.6V 1.8V
Power consumption 10.5mW 0.76mW 1.7mW 1.21mW
FoM 87.8 77.9 73.5 89.2

L7 4R enen0TA ehR & R A P Rk oM™ 58 ¢ & 42 i

SRR R R PR S

FoM =10log(—*
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Parameter Value
Power supply 1.5V
Power dissipation 2.34mW

DC gain 30.7dB

GM value 1.38mS
HD3 -52.53dB

Vin (peak-peak) 0.4V
@Frequency 90MHz
CMRR 61.9dB
PSRR 44.3(31B
&5

Phase margin

% 0.0 #HUmT R
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2010 ISCAS | 2008 ISCAS 2003 JSSC . .
Referance This work I This work II
[12] [13] [14]

0.18-pm 0.18-pum 0.18-pum 0.18-pm 0.18-pm

Technology
CMOS CMOS CMOS CMOS CMOS

Harmonic distortion | HD3 =-67dB | IM3=-71.9B | HD3 =-75dB | HD3=-52.5dB | HD3=-59.2dB
@Frequency 1MHz 2MHz 20kHz 90MHz 90MHz
Input swing Range 1 Vpp 1 Vpp N/A 0.4Vpp 0.4Vpp
Transconductance 165us 300us N/A 1.38ms 1.38ms
Supply 1.8V 3.3V 1.5 1.5V 1.5V
Power consumption 0.36mW SmW 240u 2.25mW 2.34mW
FoM 85.3 86.7 N/A 94.8 98.1
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