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Student: Jun-Zhe Huang Advisor: Dr. Mu-Huo Cheng

Institute of Electrical and Control Engineering

National Chiao-Tung University

Abstract

The purpose of the transimpedance amplifier is to convert a current signal into a voltage

signal. An important application is to use it as a preamplifier in an optical communication

receiver. This thesis designs and implements a practical transimpedance amplifier by using

0.35 µmTSMC SiGe BiCMOS technology. The transimpedance amplifier consists of three

stages, the front-end transimpedance amplifier, voltage amplifier, and output amplifier.

The front-end transimpedance amplifier is realized by using a common-emitter amplifier

with a feedback resistor. The Cherry-Hooper amplifier, a well-known wide-bandwidth

amplifier circuit, is adopted to realize the voltage amplifier. The output amplifier is a

typical buffer circuit for output impedance match. In order to increase the allowed input

current range, a current sensing circuit is designed. This circuit can adjust the input

bias current to prevent the front-end transimpedance amplifier from saturation. The

allowed input current range, because of this design, is from 10 µA to 1 mA. The designed

transimpedance IC, after the post-simulation, attains the transimpedance gain 63 dB,

the bandwidth 4.5 GHz, and the input referred noise 1.1 µA, and is well suitable for

application in 5 Gbps optical communications.

Keywords: transimpedance amplifier, input referred noise.
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1.1 m¦mÍ$��

m¦mxXøu„V�(f�í|!…j¶5ø, 6uñ‡mlæýñè¦’eíj¶� Ä¤

m¦mQYÂíqlxX, uø½bÉœxX, 7mY¦mÍ$àÇ 1.1 Fý

 


Ç 1.1: mY¦mÍ$j)Ç

ê£Í$øFbê£í’eJÊ¦ù”ñFßÞ5mmU×ü|‰£BmY� ÊQY«†uJ

mù”ñ (photodiode) ømmU�AÚ¼mU, yJÚ˜TÜV�¿QY� FQYímU5Ú¼

M×ü}ÓmYÅ�Ó‹7Áü� t�M�Ê���é 5M� FJøt�m¦mQYÍ$ÖúŠ

?Ú˜j): �®[×Â (Transimpedance amplifier)� Ì„Â (limiter )� £v0D’e)+Â

(Clock and Data Recovery)� �®[×ÂíŠ?uøüÚ¼mU�‰[×AÚ9mU, 7Ì„Â

uø¤Ú9mUy‹J [×%„A¡˛bPmU� v0D’e)+Â†àV�ìóPJ£ü�¿|
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� 1 ı é�

�p’e� ÊÇ2íÖ	Â (Multiplexer,MUX) DjÖ	Â (Demultiplexer,DMUX) íŠ?u

ørÖ ’eVÄÊê£«�Õ£ÊQY«}Ç, wúmUf£¹”1Ì	à� âJ,Í$Çªø �

®[×ÂuTÜm¦mQYmUí�øŠ?j), wÔ4íiš, ø	àc_Í$í4?�

1.2 û˝ñí

�®[×ÂÚ˜í-ZªJÇc˜C£c˜íj�‹JõÛ� ÄÑF�pmUuÚ¼, �®[

×Â.âxQ�p®}íÔ4, ]Çc˜j�ÖuJu! Gí[×ÂõÛ, £c˜j�†ÖJu¦

 G[×ÂD�¤æ˜õÛ� âk�®[×Â%�Û°òÓï, Ä¤øO×·qlAú�Ú˜, â‡

ù�Š�[×, 7|(ø�u�|[×ÂJêA�|®}®º£Š0���

…�dû˝3bñíÑ: Jú�Ú˜!Zíj�, qlø�®[×ÂÚ˜, 1Uà«	Ú.35

BiCMOS SiGe `˙õÛ¤�®[×ÂÚ˜� ¤Õ, Ç�ø�Ú˜, Ú¼W¿Ú˜ (Current Sens-

ing Circuit), Š�TW¿, |c−„�píR9Ú¼, é�ø�í[×Â?&MÊ(4–ÍTJü

\w[×Š?, wŠ?�éNA�Óï−„ (Automatic Gain Control, AGC) íc˜, ]F?	

Tí�pÚ¼ªTò, .BéŠ�[×íÚ�ñªpñ¸	àw	T� 7F‡úí@àuÊıØmY

æ˜£mY¦m, wql5�®[×ÂíÍ$j)ÇàÇ1.2, w2�pmUD�|«Š-Ñ1Gbps

ä 5m¦m ít�¦H_�� 7 Bandgap Circuit D Bias Circuit Ä.˘…�dql5½õ,

4Uàf$ql5Ú˜�

 


Ç 1.2: �®[×Â�ÒÍ$-ZÇ
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� 1 ı é�

1.3 d.�è

âkm¦m5xXn�½b, °šË, @àk¤xX2í�®[×ÂíóÉû˝qlíd. 6

óçÖ� øO7k, �®[×Âí!…Ú˜-ZuUàu! G (CB) ¸u¦ G (CE) s�j��

à [1]∼[3]�[5]∼[9]�[12]�[13]�d.2îuUàu¦ Gí[×ÂTql� 7 [4],[10]�d.†uJ

u! G[×ÂTql�

Ê Behzad Razavi z [11]2í�4ı2�óçêc�Üm¦mà�®[×Âí-Z, 4?¡

b, £Ô4� z26zpàSTòÓï (gain boosting), £Tòä íˇª (peaking) xX� 7Ê

ÅqjÞ�É�®[×Âû˝�2Û×çÚœÍí`¤°çbÊ [7]FT|5Ï��ûD�® ä

[×Âql£Ê 1999 �Fê[ [3] UàÚñˇªxXqlø Butterworth �é5�®[×Â, 1

J MESFET VõÛð„� ÅÕ?�UàÚ>ˇªxXTÑä0^k5ql, à¡5d.2í [2]¸

[5]� 7ñ‡˛AÑ�‘íuJ SiGe `˙xXVõÛm¦mÍ$5jK, w2çÍ¨��®[×Â�

ÊUà SiGe `˙xXõÛ�®[×Â5û˝d.,, àd.2í [12]�[13]Ñ,Å Hans-Martin

Rein �ä íû˝ˇFê[� 7w2D�Fê[ídı [13] ¹uUà Infineon SiGe `˙õÛø

12 10 GHz �®[×Â� âk SiGe `˙xXªJ¡N Si `˙ñqÞß`¨, 7/F`¨íÂ

-äÚ�ñ (BJT) âk x� Heterojunction 7Uýb-äôbvÈÁý, Ä¤à@§�Ó0� w

	Tä0ªDúüíxX5jKó}©, à|¡â Bell õð�AºFê[dı [6] 6Uà SiGe õ

Û 50 GHz Ï���®[×Â, ¤y}pUà SiGe HBT õÛÊm¦mÍ$2	ñÚ˜í�‘�

1.4 �d-Z

…�du}Ñ7ı, Î�1ıÕ, cø®ı�qñ�Ük-: �2ı2, øzpFqlí�®[×

Â�ø�‡0�®[×Âí-ZD}&��3ı2, øzpFqlí�®[×Â�ù�Ú9[×ÂD

�ú��|[×Âí-ZD}&��4ı2, øzpFql5Ú¼W¿Ú˜í-ZDŠ?��5ı2,

øzpÚ˜0�êA(í_Ò!‹ (post simulation), DõÒ`TêA(5�ÒíQä¿¾!‹�

�6ı2, øzpàSzÚ˜ZG5(, ª@àk5Gbps m¦mÍ$5ZGj�D½õ��7ıÑz

…�dTøêcí!�zpD„Ví���
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� 2 ı

‡0�®[×Â-Z}&D_Ò

2.1 ‡0®�[×Â-ZDÔõ}&

úk�®[×Âí�ø�7k, 4uòQDmU�p«óQ� à°�1ıFTƒí, ¤Ú˜.â

x�Q®}�píÔ4� 7�pmUÑø�^Ú¼Ä, �|mUÑÚ9mU, ÊŠ?, õ˛Ñø�

®[×Â� à¤, |�Àíj�, ª‚àu¦[×ÂDÚ®$A£c˜íj�õÛ5, àÇ2.1Fý,

w2 Rf Ñ�¤Ú®�

V
c
c


R
c


R
f


R
b


i
n
p
u
t


o
u
t
p
u
t


C
m
u


V
o


+

V
b
e


-


Ç 2.1: !…‡0�®[×ÂÚ˜

Í7, JukJ,HÚ˜VõÛ‡0�®[×Âv, ø}Þ@s_3b½æ�

�ø: ÍTR9õD�®[×Mql.q

J�¤Ú˜í}&hõ, ªøÚ˜}jAÇc˜Ú˜D�¤æ˜s_¶}, w�®ÓïMªŸ

A-�:

4



� 2 ı ‡0�®[×Â-Z}&D_Ò

Zf =
A

1 + AB
(2.1)

w2

A = −gm(Rb‖Rf‖rπ)(Rc‖Rf) (2.2)

B =
−1

Rf
(2.3)

¢ò¼ÄP Vo D Vbe ª‚à!…Ú˜«�j¶)ƒ-�É[�

V o = V be
Rc‖ Rf

1+β

Rc
β
‖ Rf

1+β

+ V cc
Rb
β
‖ Rf

1+β

Rc
(2.4)

çRc � Rf
1+β

,β � 1 v, (2-4) �ª“�Ñ

V o ≈ V be(1 +
Rf

Rb
) (2.5)

â (2-1)∼(2-5) �ªhô| Rf MÎ7D�®ÓïM�É, ?DÍTR9õ Vo �É, à¤øVÊ

ql,ÿ}Þ@ƒ¦Ÿí½æ�

�ù: Cmu ¨A5� ^@ (miller effect) ½æ

øO7k, �ø�í[×Ú˜ı�wxe�òä íÔ4� 7úk,HÚ˜7k, Ú�ñí!-

Õ•ÞÚñ Cmu }Ä� ^4Ê�p«[×¡NÑ Cmu(1+gm(Rc))� à¤, Ê�p«ÿ ñq

$Aø_×Úñí^@, 7U).qqlAÑòä í[×Ú˜� Ä¤, …�dql7ø_Ú˜, à

-Ç2.2Fý, wÔõ�:

�ø� �®[×Mqkql

ÄÑ¤Ú˜Uà7 Q3D Q4s_Ú�ñ, w3bŠ?ÊTX�¤˜�FÛbíR9Ú¼, Ä¤

�|« Tia out1íÚ9MªŸA-�:

V (T ia out) ≈ V be1 + V d1 + V be3 (2.6)

1‚à�¤Ú˜íhõ, ªøÚ˜}jAÇc˜Ú˜D�¤æ˜s_¶}, w�®ÓïªŸA-�:

Zf =
A0

1 + A0B0

(2.7)
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� 2 ı ‡0�®[×Â-Z}&D_Ò

V
c
c


C
a
s
c
o
d
e

b
i
a
s


F
e
e
d
b
a
c
k

b
i
a
s


i
n
p
u
t


T
i
a
_
o
u
t
1


R
c


R
f


R
e
a


Q
1


Q
2


Q
3


Q
4


D
1


c
m
u


v
c
1


+

V
b
e
1

-


+

V
b
e
3

-


+

V
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Ç 2.2: ‡0�®[×ÂÚ˜-Z

w2

A0 ≈ −(gm1re2)(Rf‖rπ1)(gm2)(Rc‖Rf) (2.8)

B0 ≈
−1

Rf
(2.9)

ç|A0|M”×v,Zf ¡Nk (-1/Rf), ]¤Ú˜5�®ÓïMª¡NÑ (-Rf), /ç‰� Rf MÑ®

FÛbí�®Óïv, 1.}¨AÍTõ�péí‰“�

�ù� x�òä íÔ4

6
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¤Ú˜Uà7Ú�ñ Q1D Q2, qlA�L (cascode) í��, w3bñíuª±QÚ�ñ

Q1í cmu F$Aí� ^@, wŸÄÊkâõ vc1õp5�p®}”¡Nk re2, Ä¤Ú9Óï

vc1
V (input)

≈(-gm1*re2) ,cmu Ä� ^@[×íI0Ñ (1+gm1*re2) ±ükÇ2.1íÚ˜!Z� Ä

¤, àÇ2.2íÚ˜!Z, �}qkqlAòä íÚ˜�

Í7, Ì�uÇ2.1CuÇ2.2Lø_Ú˜, î}Ê�p®}D�®ÓïMÞ@¦Ÿí½æ� w

ŸÄÊk�p®}íÉ[�à-:

JÇ2-17k,

Rin =
Rf

1 + AB
w2Aà2.2�Fý,B à2.3�Fý (2.10)

çRf, Rb � rπ, Rin ≈ Rf

1 + gm(Rc‖Rf)(Rb‖Rf

Rf
)

(2.11)

JÇ2-27k

Rin =
Rf

1 + A0B0
w2A0à2.8�Fý,B0à2.9�Fý (2.12)

çRf, Rb � rπ1, Rin ≈ Rf

1 + gm(Rc‖Rf)
(cqgm ≈ gm1 ≈ gm2, gm1re2 ≈ 1) (2.13)

â (2-11) D (2-13) �Võ, Ä¤, Jb�®Óï×v, -Óíuœ×í�p®}, ¥5?Í� ]�

®ÓïMD�p®}, øeql6…™íÛ°T¦Ÿ�

2.2 ‡0®�[×ÂÚ˜_ÒDä0à@}&

â‡øü�í}&, !…,˛¦³7…�d2�ø�Ú˜, ‡0�®[×ÂíÔ4� Ä¤, ¹ª

‚à«	ÚFTXí`˙’eD HSPICE ,ñTÚ˜_Òí¶}� J�ø�Ú˜, ‡0�®[×

Â 7k, cìñ™uqìÑx�2k rbí�®ÓïM� Ä¤, ÊÇ2.2¶},Rf ²ÏÑ2k rb� �

p mU†Y1Gbps ím¦mQ§Â5�^_�5d�, J>¼ümU10uA D�^•Þ1:Úñ

0.85pF T�pmU� wä0à@}&ÇàÇ2.3Fý� _Ò5Å�qìÑ25�, `˙ Lib ²ÏÑ

TT�
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freq :log10(f)


ga
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 d

B



 


Ç 2.3: ‡0�®[×Âä0à@pre-sim Ç

J@àk1Gbps ä ím¦mQY«5�®[×Â7k, øOUàÊ¤d�í�pmUÄ5

mù”ñà Ç1.2Fý, …™t�•ÞÚñ�Ê0.85pF ,-, óœkÚ�ñ…™í•ÞÚñV)

×� Ä¤, …Ú˜íä , àÊ.5?Ú�ñ Q3D Q4í•ÞÚñ^@-, ªâ¤mù”ñ•ÞÚ

ñ CsD Q1Ú�ñ•ÞÚñ CpiD�p®} Rin F$A53�õVT�Iíä ,l,ŸA-��

f3db ≈
1

1 + 2π(CTRin)
, CT = Cs + Cpi (2.14)

7…Ú˜5�p®} Rin �100rb,Cpi �0.4pF, â (2-11) F,l5ä �Ñ1.274GHz�

Í7¤DÇ2-3F)5Ú˜ä 1.69GHz �øõÏ�, wŸÄ3bÊkà3”õ,�v1Ì5?-

�sõÄÖ:

�ø� Ú®íÝÜ;Ô4

ÊkUà«	ÚíÚ®…™ÝÜ;Ú®, �•ÞÚ>æÊ, w�^_�àÇ2.4Fý� ç L1D L2•

ÞÚ> 5Ô4[ÛÊ�¤Ú® Rf ,vø}úä �F	à� Ä¤, Dø Rf àÜ;Ú®T_Òà

-Ç2.5� wä  Ñ1.5GHz, ˛œÇ2.35ä Víü, ?yQ¡ŸlíÄIã,M1.274GHz�
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�ù� Ú�ñ Q3D Q4…™5•ÞÚñúä í	à

Ú�ñíümU�^¡N_�à-Ç2.6Fý� Ê.5?ø<”ü5•ÞÚ®D.½b5•ÞÚñí

8”-, J�¤hõ}&¤Ú˜v, ªø Q3�Q4D Rf �$A5�¤æ˜�“àÇ2.7Fý��¤Ä

ä B0ªŸA-� (2-15)�

p
l
u
s
 m
i
n
u
s


P
-
s
u
b


L
1
 L
2


Ç 2.4: «	ÚÚ®�^_�
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freq :linear


ga
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in 
dB




real res 


ideal res 


 


Ç 2.5: ‡0�®[×Âä0à@pre-sim Ç–Rf UàÜ;Ú®_�DõÒ«	ÚÚ®_�ªœ

B0 =
If

V (T ia out1)
(2.15)
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�

� � � � � �

� � �

�� ��
π
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	��
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�
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+

π
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� � � � �
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Ç 2.6: BJTümU¡N�^_�

�� �

���! "#%$ &
+

�# '() ** +-, +

. / 0 1 2 3 4 5
6 7 7 8

�(9

:;

Ç 2.7: ‡0�®[×Â�¤æ˜5ümU_��“Ç

ÊQävª.5?Úñ^@D rbb3”üª�I, Ä¤B0 ≈ −1
Rf

, à (2-9) �Fý� Í7ÊTä

0à@}&v,cµ3D (ccs4+cµ4) Ê�¤æ˜} $A”õ^@, 7wÔ4DŸÄªJ'ñq*Ç2-7

Üj� ÄòävÄ cµ3D (ccs4+cµ4) í®}‰ü, ¥}U)¼p�¤Ú® Rf í�¤Ú¼ IfM‰ü,

¤¹}¨A”õ^@� 7Ä�¤Ää B0Ê �®Óï��ƒb2Ñ}‚¶}, w B02í”õ^@Ê

�®Óï��ƒb2ø}‰AÉõ^@� Ä¤, w ùªíÉõ^@ø}úä0à@¨A/�˙�í

ˇªÛï�

Ñð„¤R�, …Aø Q1�Q2�Q3�Q4íÚ�ñÍT¡b AümU¡N_�, J HSPICE

,ñTä0à@_Ò }&wúä0à@¨Aí‰“�7wŸáí cµ3�ccs4�cµ4Mà-:

cµ3= 6.207fF , ccs4= 8.705fF , cµ4= 7.58fF�

_Òj�à-:
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1�Rf UàÜ;Ú®, /.5? cµ3�ccs4Dcµ4í	à, ¹I…bíMÑÉ� w_Òà- Ç2.8Fý,

_Ò!‹íä Ñ1.45GHz, à¤í_Ò|Víä ˛yœQ¡Ÿl,lM1.247GHz�

0.1
 0.3
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 0.7
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Ç 2.8: RfÑÜ;Ú®/.5?�¤•ÞÚñ/.5? cµ3�ccs4Dcµ45ümU_ÒÇ

2� ÄÑmù”ñ…™•ÞÚñ Cs íæÊ, .ñqõ|•ÞÚñ cµ3�ccs4Dcµ4‰“úä0 à@í

	à� Ê¤, Ñpéõ|¥<•ÞÚñúä0à@¨AíÏæ‰“, J-s__Ò.¨Ö Cs, 1Uà

«	ÚíõÒÚ®_��

a� 	ì cµ3, ‰“ ccs4�cµ4� w_ÒÇàÇ2.9Fý�

b� 	ì ccs4 �cµ4, ‰“ cµ3� w_ÒÇàÇ2.10Fý�

â_ÒÇ2.9DÇ2.102ªJhôƒ Q3D Q4í•ÞÚñ ccs4�cµ4D cµ3 íæÊD‰“, Êä0à

@,î}$AˇªíÛï, ”Ñ¯¯l‡FR�í¤<•ÞÚñ}¨AÉõ^@íÛï�

¤Õ, M)·<íøõuÚ�ñ¦�í•ÞÚ® ree, àÇ2.7Fý, wMí×üø}ú (2-7) �

5M�	à� ÄÑ ree }U)[×Óï|A0|«Á, Ä¤Ê²ìÚ�ñjÞ.â5? ree í×ü, ç

ree 5MÝÝüvÌ¶ à (2-7) �8J�I�B¤, …�dFql5�®[×Â�ø�,%â…ıí

}&DH�˛ª7jw3bÔ4�
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10

8
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10
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64


66


68
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74


ccs4=0f

cmu4=0f 


ccs4=8.705f

cmu4=7.58f 


ccs4=15f

cmu4=15f 


 


Ç 2.9: 	ìcµ3, ‰“ ccs4�cµ45ümU_Ò}&Ç

10
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10

9


10

10


61


63


65


67


69


71

cmu3=12f


cmu3=6.207f


cmu3=0f


 


Ç 2.10: 	ìccs4�cµ4, ‰“ cµ35ümU_Ò}&Ç
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� 3 ı

Ú9[×ÂD�|[×Âí-ZD}&

3.1 Ú9[×Â5Ú˜-ZDÔ4}&

�ù�íÚ˜íŠ?uø�ø�‡0�®[×Âí�|Ú9yTø�Ú9[×� Ê…�díq

l2, ¤Ú9[×Ú˜uUà Cheery-Hooper[11]íÚ˜!Z, à-Ç3.1Fý� 7âk¤Ú˜4ø

ú˚5Ï�Ú˜, ¹ Q1=Q4�Q2=Q3�R1=R3�R2=R4� Ä¤�ø�‡0�®[×ÂÚ˜ .ây

Tø µ`, Iw�|«D¤Ú˜íÇø�p«óQ, $A¡5«, ¤4øOÀ«�p�Ï��| í

qlj¶�

T
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Q
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V
c
c


Ç 3.1: Ú9[×Â5Ú˜-ZÇ
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7ÑRûümUÓï, øÇ�“à-Ç3.2JjZRû�

R
e
1


R
1


R
2


Q
1


Q
2


+

V
i
/
 
2

-


n
1


n
2
 +


V
o
/
 
2


-


Ç 3.2: Ú9[×ÂümU�p�^Ú˜Ç

ÄÚ�ñíβM”×, �Ê200˝¬, Ê¤.5?¼pÚ�ñ B ”í�üÚ¼, 7wümUÓ

ïV o
V i

= V (Amp out1)−V (Amp out2)
V (T ia out1)−V (T ia out2)

†ªâ-�É[�Rû:

V (n2) = ic2(R1 + R2) (3.1)

ic1 =
gm1(V i/2)

1 + gm1(Re1)
= Gm1(V i/2) (3.2)

ic2 = gm2Vπ2 (3.3)

Vπ2 = V (n2) − Gm1R2(V i/2) (3.4)

¢¤Ú˜Ñøú˚Ï�Ú˜, Ä¤

V (n2)

V i/2
=

V o/2

V i/2
=

gm2R2 − 1

1 + gm2R1
(

gm1

1 + gm1(Re1)
)(R1) (3.5)

Ê…Ú˜íql2,gm2R2 − 1 > 0, Ä¤Ú˜�pD�|Ñ°², 4°²[×� 7¤Tí R

û4cqÚ�ñ…™í•ÞÚ®M”ü, ].8J5?� °šË, Ú�ñ¦�•ÞÚ® ree, Ç2.7F

ý, JÝÝüv, †.?�I5�
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7¥_Ú˜í3bÔHÊkâ n1D n2s�õõp5�p®}'ü, ªJ�^±QÊ¤sõß

Þí•ÞÚñ^@J‚kä íTô, Ä¤¥Ú˜4 äÚ˜2�Sàíø�Ú˜!Z� Ñ7Rû¥

sõ�p®}, øÚ�ñíümU¡N_�ú|àÇ3.3DÇ3.4� Ê¤ÄÚ�ñ Q1D Q2í ro ”

×, ] n1õ5�p®}ª.5? Q15æÊ�

<=?>A@
π

B C

B D
EGFH

I J D

K J D L D M N O

−

+
<P

π

Ç 3.3: Rûn1�õ�pÚ®5ümU¡N�^_�Ç

QRTSVU
π

W X

W Y
Z�[\ ] ^ X

_ ^ X` X

−

+
Qa

π

Ç 3.4: Rûn2�õ�pÚ®5ümU¡N�^_�Ç

Ék n1�õí�p®}wRûà-:

vx1 − vo1

R2
+

−vo1

R1
= gm2vx1 (3.6)

vx1

rπ2

+
vx1 − vo1

R2
= ix1 (3.7)

Rin(n1) =
vx1

ix1
=

1
1

rπ2

+ 1+gm2R1
R1+R2

≈ R1 + R2

1 + gm2R1
≈ 1

gm2
(1 +

R2

R1
) (3.8)
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Ék n2�õí�p®}wRûà-:

vπ2 = rπ2(ix2 − gm2vπ2) (3.9)

vx2 = (ix2 − gm2)(R2 + rπ2) (3.10)

Rx2 =
vx2

ix2
=

R2 + rπ2

1 + gm2rπ2
(3.11)

Rin(n2) = R1‖Rx2 = R1‖ R2 + rπ2

1 + gm2rπ2
≈ R2

gm2rπ2
+

1

gm2
≈ 1

gm2
(3.12)

â,ÞíRûªêÛ n1D n2s�õõpí�p®}Ýü�7wõ¥_Ôõ1.Ø*Ú˜2ê

Û, âÚ˜ªêÛ R2u1:kÚ�ñ Q2í!-Õs«, ¹ Q2�pD�|s«, ¤41-1�¤!

Z$�5Ú˜� Ä¤, úk R2D Q2 A5Ú˜7k, }x��pD�|®}üíÔ4, <¹ n1D

n2sõõp}�ü�p®} íÔ4�
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3.2 �|[×Â5Ú˜-ZDÔ4

�ú��|[×ÂÚ˜w3bñíuTXœ×í�|Ú¼DŠ-T®}®ºJ®AŠ0��,

wÚ˜!ZÑøOt�íú˚Ï�Ú˜, à-Ç3.5Fý� Äw4�c5t�!Z, wÔ4D øOt

�Ï�[×Â1Ìóæ5T, ]wÔ4}&.y;H�

V
c
c


R
c
1
 R
c
2


-
 
 
V
o
 
 
+


A
m
p
_
o
u
t
1
 A
m
p
_
o
u
t
2


R
e
1
 R
e
2


B
i
a
s

c
u
r
r
e
n
t
 
1


B
i
a
s

c
u
r
r
e
n
t
 
1


B
i
a
s

c
u
r
r
e
n
t
 
2


D
C
_
i
n
1
 D
C
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C
_
f
i
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Q
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4


Q
1
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2


Ç 3.5: �|[×Â5Ú˜-ZÇ

3.3 Ú9[×ÂD�|[×ÂÚ˜5ä0à@_Ò

B¤, …�d53b[×íú�Ú˜-Z˛�HêH� Døêcú�Ú˜�Q, JZT�ù�Ú

˜D�ú�Ú˜íä0à@}&� TÇà-: Ç3.6ÑÚ9[×ÂÚ9Óïä0à@Ç� Ç3.7Ñ�|

[×Â5Ú9Óïä0à@Ç� Ç3.8Ñêcú�Ú˜�®Óï5ä0à@Ç� _Ò5Å�qìÑ25

�, `˙ Lib ²ÏÑ TT�
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Ç 3.6: Ú9[×ÂÚ9Óïä0à@Ç
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Ç 3.7: �|[×Â5Ú9Óïä0à@Ç
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Ç 3.8: �®[×Âêcú�Ú˜5ä0à@Ç
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� 4 ı

Ú¼W¿Ú˜í-ZDŠ?

Ú¼W¿Ú˜í3bŠ?Êk|�ªp�ø�Ú˜‡0�®[×Âí�pò¼R9Ú¼, U‡

0�®[×Â?&MÊ(4–	T, .B��|ñ¸íÛïßÞ,Ú˜-ZÇà-Ç4.1Fý, w in-

put «D‡0�®[×Â5mU�p«óQ�

+
 
 
 
-

v
o
l
t
a
g
e

d
e
t
e
c
t
o
r


-
 
 
 
+


D
C
_
i
n
1


D
C
_
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n
2
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Q
1


Q
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Q
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i
n
p
u
t


R
e
1


R
e
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R
e
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C
0


R
c
2


+

v
d
o


-


Ç 4.1: Ú¼W¿Ú˜5Ú˜-ZÇ

7Ú¼W¿Ú˜!…ŸÜÑW¿�ú�í DC in1D DC in2s«Ú9íÏM, %â M1Ú

�ñ�AÚ¼, ª7−„Ú�ñ Q3ú�pÚ¼T|�� wÚ˜�T}J-sõzp�

�ø� ç�pÚ¼”üv, DC in1D DC in2íÚ9Ï”ü,Ú9W¿Â (voltage detector)

}�| ×Ú9Ï, M1¼¬íÚ¼Ñ×Ú¼, Ä¤ Q1D Q2û¦, / Q2}×Ûñ¸ÕG, ] Q3.

û¦, .}ú¼p input « í�pÚ¼T|��
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� 4 ı Ú¼W¿Ú˜í-ZDŠ?

�ù� ç�pÚ¼”×v, DC in1D DC in2íÚ9Ï‰×, Ú9W¿Â (voltage detec-

tor) }�| üÚ9Ï, M1¼¬íÚ¼ÑüÚ¼, Ä¤ Q1D Q2.û¦, 7 Q3û¦, ¤v†ú¼

p input «í�pÚ¼T|��

%â,Hsõí�bzp, ª7jÚ¼W¿Ú˜í�T8$� 7¤Ú¼W¿Ú˜.âqlA”

Qä íÚ˜, ´†}zœQä0íòÄPÚ¼�pmUçTAò¼R9Ú¼, ¨AÏ�Tí8”�

7Ç4.2Ñç�p«R9Ú¼â0mA ‰“B1mA v, ¼% Re3íÚ¼‰“_ÒÇ, a¤_Ò

ªhôÚ¼W¿Ú˜u´àã‚O£��T� !…,¼% Re3íÚ¼@”¡Nk¼p ‡0�®[

×ÂmU�p«íR9Ú¼, 7âÇ4.2ªõƒ_Ò!‹¯˛ã‚�

Ç 4.2: ¼p‡0�®[×ÂmU�p«íR9Ú¼(X) V.S ¼% Re3Ú¼ (Y) 5_ÒÇ
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� 5 ı

�®[×ÂÚ˜0�êA(í_Ò

D�ÒíQä¿¾!‹

â�2ıB4ıíqlD_Òí!‹, @ª®ƒ@àk1Gbps 5m¦mQY«5�®[×Â,,

]J¤TÑ�…ªWõÒÚ˜í0�� âk�2ıB�4ıí_ÒÑÚ˜0�‡íãl_Ò (pre-

simulation), 1„¨ÖÊ0�v˜�©(D�Ý (bonding pad) FßÞ•ÞÚ®DÚñ^@� 7

…ıÑÅHÚ˜0�êA(, %â,ñÇ¦|,H•Þ^@(FTí_Ò (post-simulation) !‹,

J£õÒß|í�ÒÊQä¿t-í¾¿!‹, Ç5-10ÑÚ˜0�Ç�

5.1 0�êA(5_ÒÇ

Ç5.1BÇ5.4Ñ�®[×Â®�5[×Óïä0à@Ç: Ç5.1Ñ�pÚ¼>¼ümUB‡0�

®[×Â5�®Óïä0à@Ç; Ç5.2Ñ‡0�®[×Â�|BÚ9[×Â�|5Ú9Óïä0à

@Ç; Ç5.3ÑÚ9[×Â�|B�|[×Â5Ú9Óïä0à@Ç; Ç5.4Ñ�pÚ¼>¼ümU%

¬êcú�Ú˜�|5�®Óïä0à@Ç�
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Ç 5.3: Ú9[×Â�|B�|[×Â5Ú9Óïä0à@Ç
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� 5 ı �®[×ÂÚ˜0�êA(í_Ò

D�ÒíQä¿¾!‹

øO7k, úk@àk1Gbps m¦mQ§«5�®[×ÂÚ˜, ¤�®[×ÂBýÛx��p

mUä0í0.75Iíä , ¹750MHz� 7âÇ5-4ªõƒ, …Ú˜qlÊ post-simulation v x

�800MHz íä , Êä01GHz vE�60dB í�®ÓïM, @¯¯l‡Fqìíqlñ™�

7J-Ñ�®[×Âí
G¥@_Ò� âkFql5�®[×Âwªñrmù”ñ5Ú¼ªò

B1.1 mA, BbYf$ú�®[×Â¿t
Gj�ªW, ¹}�Ê�pÚ¼uÊ10uA (p-p),100uA

(p-p), £1mA (p-p) 5‘K-¿t¤�®[×Â5
G	TÕ”� _ÒÌÊt�Õ”-5	T8

”, ?¹ vcc=3.3V, Å�Ñ25�, `˙ Lib ²ÏÑ TT, 7�pmUä0Ñ1GHz� Ç5.5[ý¤

�®[×ÂÊ10 uA(p-p) 5	T!‹� w2|,Çuéý|¶Mí�pÚ¼ÓvÈí‰“,72È

†éý100rb5ù«Ú9¶M�|mU� |-Çuéý�|Ú9mUíiÇ (Eye diagram)� â

2È5Çªø�|Ú9M�¬�20mv (p-p), FJ�®[×ÂíÓïª2000rbš×� ¤Õâi

Çªø¤�®[×Âú1GHz mUí	Tóç£�� °šÇ5.6DÇ5.7uÊ�pÑ100uA(p-p) £

1mA(p-p) -5�|mUDiÇ� Ç5.8í,ÇÑ�^�pÆmÚ¼ (equivalent input noise cur-

rent or input refer noise current) ä$Ç, -ÇÑ�|Ú9Æm (output nosise voltage) ä$

Ç� 7[5.1Ñ¤êc�®[×Âql5d�[, Ç5.9ÑÚ˜0�Ç� âÇ5.7ªêÛ�|š$„�

péÜö, [ý®�[×Ú˜5Ú�ñ„ªpñ¸–ÍT, ¤H[Ú¼W¿c˜Ê post-sim vE£

��T�
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D�ÒíQä¿¾!‹

 


Ç 5.5: �pÚ¼10uA(p-p), ä01 GHz 5�®[×Â Post-sim

 


Ç 5.6: �pÚ¼100uA(p-p), ä01 GHz 5�®[×Â Post-sim
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D�ÒíQä¿¾!‹

 


Ç 5.7: �pÚ¼1mA(p-p), ä01 GHz 5�®[×Â Post-sim
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Ç 5.8: �^�pÆmÚ¼D�|Ú9Æmä$Ç
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D�ÒíQä¿¾!‹

¡b ¿t‘K |üM t�M |×M ÀP

ÚÄÚ9 3.0 3.3 3.6 V
X@Ú¼ 22 mA
�®Óï �p10uA (p-p) 2000 Ω
�|®} À« 50 Ω

|×�|Ú9 275 mA (p-p)
|×�|Ú¼ 1.1 mA (p-p)

�p¡5Æm RMS 189.6 nA

�p¡5Æmò� 6 pA/
√

Hz
ümUä  800 MHz
Qä cutoff 40 kHz

[ 5.1: 1Gbps�®[×Âãìd�[

w2�p¡5Æm RMS uâ Hspice post-sim l�B1GHz F); 7�p¡5Æmò�†

uJ�p¡5Æm RMS÷(ä 5Ç�j;) Fl�5!‹�

 


Ç 5.9: Ú˜0�Ç
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D�ÒíQä¿¾!‹

5.2 õÒß|�ÒíQä¾¿!‹

Äòä¾¿ñ‡ãÕT“2, iBñ‡þ„�!‹, ]¤l�ÛUàõð�5�ÀqeT Qä

¾¿í!‹� Ê�pmU5>¼Ú¼Ä¶}, ZJ�^k&�_�T�p, àÇ5.10Fý�

T
e
s
t
 
 
v
o
l
t
a
g
e
 
s
i
g
n
a
l


I
n
p
u
t


V
s


R
s


Ç 5.10: Qä¾¿5�pmU_�

7�pmUJ2MHz íjšT¿t�pmU, ‡ú.°5 Rs ¾¿À«�|� Ç5.10Ñ2MHz

íjš�p, Rs=1k� ¾¿!‹Ç5.10,Þš$Ñ�pš$, -Þš$Ñ°²5À«�|š$� â

Ç5.11ªõ|, Ú˜ÊQä2MHz vª£��T�

 


Ç 5.11: �pä0mUÑ2MHz,Rs=1k 5¾¿Ç
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� 6 ı

@àk5Gbps ä m¦mQ§Â5�®[×Âql

â�2ıB�5ıíqñD_Ò!‹, wqld�@ª®A1Gbps m¦m,í@à� 7ZG(

íÚ˜ı�?àƒyòä í@à,, Ê¤ZJ5Gbps TÑZGíqlñ™� 7…ıí½õÊkà

S‚à¤Ú˜-Z, TšríZGD|c, J‚?®ƒyòä0í@à� J…ql5ú�Ú˜2, �

ø�Ú˜D�ù�Ú˜Ñ½õFÊ� Ä¤, Ê…ı2, 3b4‡ú�ø�Ú˜–‡0�®[×ÂD�

ù�Ú˜-Ú9[×ÂTZGql, 7�ú�ÉTš�í^Z�

6.1 ‡0�®[×ÂÚ˜íZGql

Ñ7Tô‡0�®[×Âíä , 3b�3_ZG½õj²� �øõ� TôÚ�ñíÔ4[Û;

�ùõ� ±Q�¤Ú®Mé�p®}±Q, Á/�p®}D�p«Úñ$Aí”õ^@; �úõ� ±

Qàk�¤˜�,5Ú�ñ2	àä0à@í•ÞÚñ, D‚àä0^kj�Z¾ä0à@íˇš

(peaking)� âJ,3_ZGj², }-�3ü�TZGqlj�«H5�

6.1.1 TôÚ�ñíÔ4[Û

Bbı�?�âT¯Ç2.2í Q1D Q2íÀPÓïä (fT ),ª7Tò‡0�®[×Âíä �

7â5‡í_Ò2, êÛÚ�ñ Q1D Q2íÀPÓïä 1„®ƒ«	Ú`˙2íœ7M, wŸÄ

ÊkÚ�ñíÕ”Ú¼ Ic .Dò, JBkÚ�ñíÀPÓïä œQ� Ê¤, ı�?Tò Q1D Q2

íÕ”Ú¼ Ic, éÚ�ñjK�œòí(fT)� !k¥ø_½õ, …�díZGj¶Ñ±Q Tia out

íÚ9ÄP, ÄÑ Ic1 ≈ Ic2 = V (T ia out1)
Rc1

, à¤ Q1D Q2íÕ”Ú¼ Ic ª�Ó‹� 7b±Q

Tia out1íÚ9ÄP, ZGj�ÑJø_çÚ® Rf2¦Hù”ñ d1, é Ic4*Rf2<Vd1, Ic4Ñ¼

%Ú�ñ Q45Õ”Ú¼� à¤øV Tia out1íÚ9É[�ªZŸA-� (6-1), 7ZG(íÚ˜

àÇ6.1Fý�

V (T ia out1) ≈ V be1 + Ic4 ∗ Rf2 + V be3 (6.1)
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Ç 6.1: ZG(5‡0�®[×ÂÚ˜Ç

6.1.2 ±Q�¤Ú®M

â� (2-10) ª7j, �p®} Rin D�¤Ú® Rf(=Rf1+Rf2) 5M�ò~íÉ[, 7Êõ

Ò`TÚ˜,, �p«í bonding pad %%}�.üí•ÞÚñ^@æÊ, 1/y‹, �pmU

Äí•ÞÚñD Q1í Cπ, ø}ú‡0[×Âíä �'×íXº4� Ä¤, Ê Rf MDä í¦

Ÿ,, Ñ7×)yòíä †.âøQ Rf, JZéä �FTô�

6.1.3 ±Q�¤Ú�ñ•ÞÚñDZ¾ä0à@íˇš

â_ÒÇ2.9DÇ2.10ªêÛ,Ú�ñ Q3í cµD Q4í ccsD cµ, }	àÚ˜íä0à@Ô4�

â_Òí!‹õV, œQí cµ3�ccs4D cµ45M, }�ªœ7íä � Ä¤, …A|c Q3D Q4Ú�

ñí1:bñ, Jv?±QwÚñ•Þ^@� 7øO@àk5Gbps ím¦mQ§Âímù”ñ, w
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� 6 ı @àk5Gbps ä m¦mQ§Â5�®[×Âql

•ÞÚñM.J1Gbp ,@àíjKVí×,øO�Ê0.25pF ,-, Ä¤�p«í•ÞÚñM˛Ý

$A3”õŸÄFÊ� çJ¤d�T ãl_Ò (pre-sim) v, ¹U Q3D Q4Ú�ñí1:bñÁ

ý±Q7wÚñ•Þ^@, ‡0�®[×Â íä0à@, �ÊòävE�ˇšÛïßÞ (peaking)�

Ñ7Z¾¤ˇšÛï, …A²ÏÊ Rf1D Rf2, 1:Úñ Cf1D Cf2� J�¤hõVõ, �®Óï

M3b²ìk�¤Ú® Rf M, Ä¤, ¥_ä0^kí Z;4Êkı�?Êòäv±Q�¤æ˜í

®}M� ÄÑÚñx�Êòäv×ÛQ®}íÔ4, JÚñ 1:�¤Ú® Rf @ª®ƒ¤ä0^k

íZ;� çÍ, J¤R�1:Úñí!‹}±Qä , ¥_¦Ÿ. âTø<_Ò,ítð�

6.2 Ú9[×ÂÚ˜íZGql

â�3ıí (3-8) D (3-12) �2, ªêÛƒ R1,R2, D gm2Ñ²ìÚ9[×ÂÚ˜ ½b�õ

n1D n2�^�p®}í×üí½b¡b� * (3-8) �ªêÛ,b±Q Rin(n1) 5M, ªâ±Q R2,

Ó‹ R1D gm2íj²T‰“; 7b±Q Rin(n2) 5M, ªâÓ‹ gm2íj²T‰“� Ä gm2D

bias current 2�”×íÉ[, bÓ‹ gm2†.âÓ‹ bias current 2� çÍ,R2M‰ü6}U)Ó

ï‰ü, Ê¤°šU bias current 1Ó×, JZUÓï?&Møìí×ü�

6.3 �|[×ÂíZGql

ÊÚ9[×ÂjÞ,!…,¦¾7Ç3.5í C filter í˙šÚñ, JZ�yòä í[Û�7ú

kÚ�ñ Q1∼Q4, °šêÛ�Þ@ƒ6.1.1í½æ, Ä¤Ê&M bias current 1D bias current 2

.‰í8”-, ²Ï±QÚ�ñí1:bñ, é¼%©_Ú�ñíÕ”Ú¼Ó‹, J×)yòífT �

6.4 0�‡íÚ˜_Ò (pre-sim)

øOt�í5Gbps ä D1Gbps ä ím¦mQY«ímU�^_�.°, 7�®[×Â�

|í�^Š-?.ó°, àÇ6.2£6.3Fý� Ç6.4Ñ„UàÚñ Cf1£ Cf2T^k5‡0�®[×

ÂÚ˜ä0à@_ÒÇ; Ç6.5ÑUàÚñ Cf1£ Cf2T^k5‡0�®[×ÂÚ˜ä0à@_Ò

Ç; Ç6.6Ú9[×ÂÚ˜Ú9Óïä0à@Ç; Ç6.7�|[×ÂÚ˜Ú9Óïä0à@Ç; Ç6.8

Ñêc�®[×ÂÚ˜5ä0à@_ÒÇ�

7âÇ6.4D6.5ªJêÛ, UàÚñ^kíüªJZ¾ˇšÛï� 7‡0�®[×ÂD[×”

Ú˜6ÄZG5(, x�yòíä �
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Ç 6.3: 5Gbpsm¦m�®[×Â�^Š-_�
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Ç 6.4: Ñ„UàÚñCf1£ Cf2T^k5‡0�®[×ÂÚ˜ä0à@_ÒÇ
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Ç 6.5: ÑUàÚñCf1£ Cf2T^k5‡0�®[×ÂÚ˜ä0à@_ÒÇ
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Ç 6.6: Ú9[×ÂÚ9Óïä0à@Ç
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Ç 6.7: �|[×ÂÚ9Óïä0à@Ç
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Ç 6.8: êc�®[×ÂÚ˜5ä0à@_ÒÇ(pre-sim)

â_ÒÇ6.8ª)ƒZG(í�®[×Âx�9GHz íä , Í7¥u³�¨Ö bonding pad^

@DõÒÚ˜0�ðÞí•ÞÚ®DÚñ^@í_Ò�7õÒ0�(í_Ò!‹øÊ-�zp�
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6.5 0�(íÚ˜_Ò (post-sim)

õÒ0�(íêc�®[×ÂÚ˜ä0à@_Òà-Ç6.9Fý� â¤!‹Bb×)¤�®[×

Âíä Ñ4.5GHz, Êä0Ñ5GHz v, wÓïEª®ƒ58dB J,�
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Ç 6.9: êc�®[×ÂÚ˜ä0à@_ÒÇ(post-sim)

J-Ñ_Ò¿t�®[×Âí
G¥@, ¹}�Ê�pÚ¼uÊ10 uA (p-p), 100 uA (p-p)

D1mA(p-p) 5‘K-¿t¤�®[×Â5
G	TÕ”� ílÌÊt�Õ”-5	T!‹, ?¹

vcc=3.3V, Å�Ñ25�, `˙ Lib ²ÏÑ TT, 7�p NRZ mUä0Ñ5GHz� Ç6.10 [ý

¤�®[×ÂÊ 10 uA(p-p) 5	T!‹� w2|,Çuéý|¶Mí�pÚ¼ÓvÈí‰“, 7

2È†éý �^|�|«Š-5ù«Ú9¶M�|mU� |-Çuéý�|Ú9mUíiÇ (Eye

diagram)� â2È5Çªø�|Ú9M�¬�14 mv(p-p), FJ�®[×ÂíÓïª1400rbš

×� ¤ÕâiÇªø¤�®[×Âú5GHzmUí	Tóç£�� °šÇ6.11DÇ6.12 uÊ�pÑ

100uA(p-p) £1mA(p-p) -5�|mUDiÇ�

7-�[6.1Ñqld��[; Ç6.13Ñ�p¡5ÆmÚ¼D�|ÆmÚ9ä$Ç; Ç6.14ÑZ

¾ql(5Ú˜0�Ç� w2�p¡5Æm RMS uâ Hspice post-sim l�B5GHz F); 7�

p¡5Æmò�†uJ�p¡5Æm RMS÷(ä 5Ç�j;) Fl�5!‹�
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Ç 6.10: �pÚ¼10uA(p-p), ä05 GHz 5�®[×Â Postsim !‹
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Ç 6.11: �pÚ¼100uA(p-p), ä05 GHz 5�®[×Â Postsim !‹
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Ç 6.12: �pÚ¼1mA(p-p), ä05 GHz 5�®[×Â Postsim !‹

¡b ¿t‘K |üM t�M |×M ÀP

ÚÄÚ9 3.0 3.3 3.6 V
X@Ú¼ 23.91 mA
�®Óï �p10uA (p-p) 1400 Ω
�|®} À« 50 Ω

|×�|Ú9 240 mA (p-p)
|×�|Ú¼ 1 mA (p-p)

�p¡5Æm RMS 1.11 uA

�p¡5Æmò� 15.7 pA/
√

Hz
ümUä  4.5 GHz
Qä cutoff 50 kHz

[ 6.1: 5Gbps �®[×Âãìd��[
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Ç 6.13: �p¡5ÆmÚ¼D�|ÆmÚ9ä$Ç

Ç 6.14: ZGql(5Ú˜0�Ç
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� 7 ı

!�D„V��

7.1 !�

�®[×ÂÊm¦mQY«4øóç½bíÚ˜, …�dTX7ø_xñªõÛí�®[×Â

Ú˜ql, 1/ú¤Ú˜T½õÔ4}&, JZÊõÒqlÚ˜v?üõ¦³Ú˜Ô4D^?� Í(

J«	Ú .35 SiGe BiCMOS `˙xXõÛ¤�®[×ÂÚ˜, 1‚à¤Ú˜}&j�úÚ˜y

‹JZG�7¤�®[×ÂÚ˜DZG(íÚ˜, w0�(í_Ò!‹}�ª®A1GbpsD5Gbps

m¦m5@à� Ä¤, ó]¤�®[×Â5Ú˜DwÔ4}&, �}�gMk@àÊm¦míxX,�

7.2 „V��
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