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Design and Implementation of Transimpedance Amplifier for

Optical Communication Receiver

Student : Jiann-Jiun Lu Advisor : Dr. Chia-Ming Tsai

Department of Electronics Engineering

National Chiao Tung University

Abstract

The input capacitances due to the photodiode and the ESD protection circuit cause serious
degradation on both the receiver bandwidth and the sensitivity in optical receiver. To solve
this problem, we combine the self-compensated architecture and the NIC technology. The
former significantly reduces the loading effect caused by the input capacitances, and the latter
effectively increases the voltage gain of the amplifier by controlling the output impedance of
the amplifier. Moreover, the design combined with appropriate bandwidth enhancement
techniques, including shunt peaking and DC offset voltage technique, can boost the
performance. A 5Gb/s transimpedance amplifier is implemented by 0.18um CMOS
technology at 1.8V with 0.72pF photodiode capacitance. Due to the 0.5pF ESD protection
circuit, the measurement results show slightly degraded sensitivity from -17.6dBm to
-17.2dBm. The bandwidth is also slightly degraded from 3GHz to 2.7GHz. A 10Gb/s
transimpedance amplifier is implemented by 90nm CMOS technology at 1.2V with 0.15pF
photodiode capacitance, we use a two-stage differential architecture to increase the voltage

gain and improve power noise rejection. Shunt peaking and DC offset voltage technique is
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also employed to enhance BW. The measurement results show that the gain of TIA is 62dBQ,

-3dB bandwidth is 8GHz and sensitivity of -16.3dBm.
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(a) (b)
W 3.32@)& » sgacW(b)ds & 2k - A & BEACH

W
3.1 Rt BRSO SRS ORI RO Y R OR AR B X A

#230(3.22)[25] % £+ 4 5-19.2dBm (p=0.9W/A » r,=9.5dB) -

140 x1 (r %]
sensitivity = 10 xlog[ xL(fe )

e X 1000]
2p(r. = 1) (3.22)

4 31 Faste R i

FEERF s &
Technology | 0.18um CMOS 0.18um CMOS
Supply voltage 1.8V 1.8V
PD capacitance 0.8pF 0.72pF
ESD capacitance 0.5pF 0.5pF
Data rate 5Gb/s 5Gb/s
Receiver bandwidth 3.5GHz 3.86GHz(w/o ESD)
3.10GHz(w/ ESD)
Input equivalent - 1.19uA(w/o ESD)
noise current 1.23uA(w/ ESD)
Sensitivity -20dBm -19.2dBm
Transimpedance gain 85dBQ 88dBQ (differential)
Output swing 360mVy, 360mVy, (differential)
Power consumption - 62.5mwW
Die size - 600x520 pm2
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2p(r, =1) (3.25)
gt 2R 111
Bl 3. 425 i §9§i§] B PE ot & B S86I00BAL A B o £ & P H ﬁ%}ﬂ
Gaussian-shaped Histogram[18] =» #5 41 3215 4:54mV > *% 12 3 5 2,75k (7 i'Hi;T] S 5
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a Mkrl 4.980 GHz
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FTun
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mean -92.650 p median -192.499 uY
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peak hits &1.64 khits Mx2r 95,8 %
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£ 3.2 Biplda BB R

FERR pECE £ ipl 5
Technology 0.18um 0.18um 0.18um
CMOS CMOS CMOS
Supply voltage 1.8V 1.8V 1.8V
PD capacitance 0.8pF 0.8pF 0.72pF
ESD capacitance 0.5pF 0.5pF 0.5pF
Data rate 5Gb/s 5Gb/s 5GDb/s
Receiver bandwidth 3.5GHz 3.86GHz 3.0GHz
(w/o ESD) (w/o ESD)
3.10GHz 2.71GHz
(w/ ESD) (w/ ESD)
Input equivalent - 1.19uA 1.77uA
noise current (w/o ESD) (w/o ESD)
1.23uA 1.92uA
(w/ ESD) (w/ ESD)
Sensitivity -20dBm =19.2dBm -17.6dBm
gain 85dBQ 88dBQ (differential) | 81dBQ (differential)
Output swing 360mVpp 360mV 360mVp,
(differential) (differential)
Power consumption - 62.5mW 62.5mwW
Die size - 600x520 pm2 600x520 pm?2
% 3.3 o ¥oxit bk
This Work ISSCC 2007[13]
Technology 0.18um CMOS 0.18um CMOS
Supply voltage 1.8V 1.8V
PD capacitance 0.72pF 0.8pF
ESD capacitance 0.5pF 0.5pF
Power consumption 63mW 40mwW
Data rate 5Gb/s 5Gb/s
Transimpedance gain 11kQ (differential) 3.5kQ (differential)
Bandwidth 3.00GHz 1.82GHz
Dynamic range(BER = 10™*%) -17.6dBm to +0dBm -20.3dBm to +0dBm
Output swing 360mVpp (differential) 570mVpp (differential)
Die size 600x520 um2 560x400 pm2
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-18dBm e 5¢ & ~ TGHz# % {r60dBQA &

12 #H

421 HpiE L&

Bl 4 1(a)8- BHE B Fo v o SRS T A7 A5

Als XBWIS :g_m ~ fT
C 4. 1)

SRR AR RA e B E(BWi) L § 0 ks B4 R (BWia) S a
BW, =axBW,

4.2)
B RN (4R A 2 e @ DY I E sk Bk < TRHF S R2NA.3)
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f
Als = .
axBW,,, (4.3)

Bl 4. 1(0b)E - BEse Iz B e 2 sfplearcts Bo & - B FHERTH T 7
& Az

g
A, xBW, ==22x~f
2s,i 2s,1 C T (4 4)

é UoigF A gEEATk 3?]35 v 203 i;gm;}g 1‘"_';%!!5& » F &AL X E'kgm‘)f? ﬁ'(BWZSI)u”T’ b
Hoxx EBWi* B R EvPFLfApkdipingz - d T3 20 EN L E

1 1
tan’ (—)=2xtan” (——
an( ) an( B)

4.5)
AP B A T o & - s BATF AU R (BWos) & TS AR TR
BW,; = axBxBWy, 4. 6)
B N4 6) R r 2 AN (4. 4)¢ o da s R B Bang < TRH F 2 AL
f
A=Al =Ty
axBxBWq, “4.7)

Bl 4 1) - B=sp Bt Br o aadtplrarict B> 5 - 5l ZH M5 T 7

> AR 5N

‘XBW3si:g—msz

A (4.8)

BURY ARk BpF s LT D Rgyel s o B sk Bl B (BWag) % 7

Hoxx EBW)* v B R FCREFApRap = Z  d 5> B3 8E Ny E
tan™ (—) =3xtan” (—)

Xy 4.9)
Az e B Ba g o0 & - Bk BArd ool B (BWsg) T A AR Aon

BW;; = axyxBWy,

(4. 10)
B A2 (4.10) R ~ 2 ARV (4.8) ¢ o e = s B Bendox §ORHF 2 st
f
Ay =AL =)’
axyxBWp, (4. 11)

Bo=2 0 B=2.11 > y=3.2% » 3 2584, 3)~ 3 204 Dfc> £:10@. 11)¢ - 4% b
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Vi =V, =09V
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% 4.1 I TR B EFOLL VR

FEERF s &
Technology 90nm CMOS 90nm CMOS
Supply voltage 1.2v 1.2v
PD capacitance 0.15pF 0.15pF
Data rate 10Gb/s 10Gb/s
Receiver bandwidth 7GHz 7.3GHz
Input equivalent noise current - 1.13uA
Sensitivity -18dBm -19dBm
Transimpedance gain 1kQ (differential) 1.45kQ (differential)
Output swing 250mVy, (differential) | 250mVp, (differential)
Die size - 550x500 pm?
Power consumption - 33mW

(b)
W 4.18(a) & 5 BEikWI(b)d & 216k - A & 2 Bk
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ge 5 ATy YL iR

F 4.2 5 R Porna BEBEEHEoTE AR o A 4.3 S R PR f g
Poo BRMEBRTRT PR ARE G R I ol P R -
% 4.2 £ BBV R
FERR R % ERIE S
Technology 90nm CMOS 90nm CMOS 90nm CMOS
Supply voltage 1.2V 1.2v 1.2v
PD capacitance 0.15pF 0.15pF 0.15pF
Data rate 10Gb/s 10Gb/s 10Gb/s
Receiver 7GHz 7.3GHz 8GHz
bandwidth
Input equivalent - 1.13uA 2.55 UA
noise current
Sensitivity -18dBm -19dBm -16.3Bm
Transimpedance 1kQ (differential) §:1.45kQ (differential) | 1.2kQ (differential)
gain
Output swing i 250mVy, 300mVy,
(differential) (differential)
Die size - 550x500 um? 550x500 pm?
Power consumption - 33mw 36mw
% 4.3 % B3t iR
This Work JSSC 2001[29]
Technology 90nm CMOS 0.25um BiCMOS
Supply voltage 1.2v 5.0V
PD capacitance 0.15pF 0.15pF
Data rate 10.0Gb/s 10.0Gb/s
Transimpedance gain 1.2kQ (differential) 560Q (differential)
Dynamic range(BER = 10™*%) -16.3dBm to +0dBm -17dBm to -1.5dBm
Receiver bandwidth 8GHz 9GHz
Power consumption 36mw 140mw
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100/0.1 100/0.1 110/0.1 110/0.1 110/0.1 110/0.1
Msl Ms2 RL1 RL2 RL3 RL4
200/0.1 200/0.1 100 100 120 120

Rf1 Rf2 L1 L2 L3 L4
1.2k 1.2k 1.65n 1.65n In In
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Mdcl Mdc2 Mgcl Mgc2 Cp2
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M72 M21 M92 M102 C21 C32
1/10 1/10 1/10 1/10 Sp Sp
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M14 M24 M34 M44 M54 Mo64
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Rbl Rb2 Rb3 Rb4 Lb3 Lb4
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Rol Ro2 Md31 Md32 Md33 Md34
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Md35 Rd3
30/0.2 6.5k
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