Z8d M3IXIE 40Gb/s

g8, 48, 0138

FEEA, 03Y,

ST EES| 2007HT stAIE =S =27

InP HBT &XI&ZJ|

BREIsMHTH

A Flip Chip Packaged 40 Gb/s InP HBT Transimpedance Amplifier

Chul-Won Ju*, Jong-Min Lee, Seong-IIKim, Byoung-Gue Min and Kyung-Ho Lee
High Speed SoC Research Department, ETRI

Abstract : A 40 Gb/s transimpedance amplifier IC was designed and fabricated with a InP/InGaAs HBTs technology. In

this study, we interconnect 40Gbps transimpedance amplifier IC to a duroid substrate by a flip chip bonding instead of

conventional wire bonding for interconnection. For flip chip bonding, we developed fine pitch bump with the 70um

diameter and 150/m pitch using WLP process. To study the effect of WLP, electrical performance was measured and

analyzed in wafer and package module using WLP. The Small signal gains in wafer and package module were 7.24 dB

and 6.93dB respectively. The difference of small signal gain in wafer and package module was 0.3dB. This small

difference of gain is due to the short interconnection length by bump. The characteristics of return loss was under
-10dB in both wafer and module. So, WLP process can be used for millimeter wave GaAs MMIC with the fine pitch
pad and duroid substrate can be used in flip chip bonding process.

Key Words : InP/InGaAs HBT, Transimpedance amplifier, Flip chip, Bump, Wafer level package

1. A&

BIEHI = ZESAAHY $48 MO FAXSHH
SZ HEOIH SFANAHFTE HJEE StH

FEAF[II2 BH 20 O 3N F¥E N H
22 ZUA FEII0ICH InP/InGaAs HBT EXIBEII=
28 ME0l 21 05 |40 B0t =2 59 0150
THE T2 W0l AIBHD YAT[1-2]. MmICS| D
E‘% BP0 fIGidE WIIXNEHI Sastd, et
=z W0l AIEslE wire BY2 wired J|M & %
HEAZ Qo =400 S0l MESCZ 01032

o
=
ko
1}
(P
J
f?.

2 IO ICHAE JI48E00 N2 BYy 2
WOl AEGIL UACHB]. B =20lME= 40Gb/s InP
HBT AXSEJ0 HIZE 45 #otH OIAMES
WLP SEE JHLsl0] BB 2EE &8 & HIEELE

FgotAlt

W o f9 2oox

2. SIZHR # IR

21 AZAF

Common base MIISZHIIE SASIALH. HXNSEI=
input stage, gain stage, emitter-follower buffer stages, and a
50-Qimpedance matching stage2 4Tt22 HHSIAD, 32
HEE InP J1# #40 molecular beam epitaxy (MBE) &
©2 SFE InP collector, InGaAs base layer, InP emitter
E0A FE6IAULH. WIE PZ= 500A-thick n-lnP (n =
5x1017 cm-3) emitter layer, a 500-A -thick p-InGaAs (p =
4x1019 cm-3) uniform base layer, a  500-A-thick

n-InGaAs/InAlAs chirp superlattice, a 3000-A-thick n-InP (n
= 2x1016cm-3) collector £ & AHEAYLCH I8 12 H
Jlel ALZOILCEH

I 40Gbps BXBSE

J& 1. Chip photo of 40Gbps XIS =]

22 M2IX

HEE g=z2 HE R IX AJls 22 80mx80um,
150im OIS 2 0 & HIZE 846101 H6I0 0lA 1
XI WLP 2XE JHYSIACH WLP SX0 2g HI H=
2 8 SO0IH {40l Ti/AuE 22 0.1/0.06 mZE SXgt
F, AZ 4000scries®! =28 ZEUES ¢ DESIN
60m= UL Via OIA23E AI88IH SZEd|e
700-1300mI2  OILXE L&
(exposure)A|F1 0 & & M(developer)Ol B0 viaE opendt
ACH Via open & HIIEZ FXE MEBSIH 2 2ex
E dAI2I17 RotH 26|12 PESIH S36tAUt 1¢
H d8F]LTE 10mA/af 22 MRUA, 28HE= 50
A/atE £28 S seced metalES S A2 (wet etch) LA
o2 A%t 210TC2 reflow ovenOl Al reflow otRACH.

contact  alignerOff A

- 183 -



& 2= mushroom bump BEHS &0 #HIZ SEM ME.'OE
HIOSEE J6tn, 8X HZ =0l= 60m 0|2

TE= 3%0ICH 08 32 EIEE) e g€4E
g £ SEMRZ EXE M2 R

me |d ﬂl°

M oF

el e —t
uuwn w J Tos

A% 3. Reflow & IHEW HIt 48 FUSFI
SEM At

MIIEE Sot0 waferE ME Q2 FUS £, duroid
Jg #0 28 & 2gdtl, 3 =3 HE s=F0
JES a¥ctl AUEH I SMA HUWHE ME6HH
HXEEI ZEE HIGAULH YEEoz Eyd =g
Ol A duroid J1E2 flexible 6171 20 E&& 2E0lls
ALEOHXl SXIg, J1B D340 F1 IUVNA HEO
Jtsoti A2t JBE0 HH8022 =2 NEUAME
B &3 & 2 ZUE BEAIA MESHULH

3. 5% ¥ 24

=

i

4a)= B2 MIIESI| E0l RF proves2 HOIH
g 8t EN=2, S 2 7.24dB 0112 fis = 27GHzO0|H
30GHzZ ZJIotH OIS KA3Gl Zadts A
S UL D8 4b)= MIIX LEL SH2Z 52
93dB 0l fi;s = 21.5GHzOICH & % S0 NS 0=
l; 0.3dB2= oo &4 oz HY W4 gich
{22 wire § 0.3~0.4dB loss It YE NALZ LA
, YEZH wire 0l 260 0.6~0.8 dB loss It US
GIsEC. Oetd E8& 2¢Al 0.3dBE lossIt
2 interconnection Z 0|2t OLEJ| IH20ICH.

fusl
o 8 I 1
*Jlnlmn
o

N o3e o2 & llllO 2
o

fe 10 10 _|>4
w MR

Jd

. Panto:
1] oy
&~ T U 1™~
» SON —-—____J___ - ~]
] R
_""..y
v " 2 » L] i1}
Frequersy (X1 H2)
(@
- I T T
———— . Ex € 7 wrEN
L= !
wides .
S S
- h"“
L [Rm A g |
5. r_-‘:ulh—j.“ -
B 1 ; '|\ S
Ol N Y f
] i - "J
A J
- n - 1] -

Frequerey [ He)

®)
Jd8 4. BXSEIIY S, % transimpedance gain
(@) HOIH (b 28
. 8 8

40Gb/s InP/InGaAs HBT & XISZIIE &H HESIQUCH
212 duroid J18 A0 JIEL wire 2 & SEE

g8 0IEotRACH. HOIH A0MASY S 7.24dB 0|1
fin= 27GHz OIA20, 28U A S;2 6.93dB 011 fags
£ 21.5GHz0IAC. HOIH X ZEHAL Sy U0lE
0.3dB2 =0} loss?t 20 0I202 IO interconnect-
ion 21017t 7| MI2OICH TetA WLPE 23T} ICY 4
S EAANZUE & = UH, HotY IJIE HER
duroid JIES SEHE =2Y0 AISE & UUCH

&0 28

[1] C. Q. Wu, E. A. Sovero and B. Massey, "40-GHz
transimpedance amplifier with differential outputs using
InP-InGaAs heterojunction bipolar transistors, " IEEE J.
of Solid-State Circuits, vol. 38, , no. 9, pp. 1518-1523,
2003.

[2] C. F. Campbell, M. S. Heins, M. Y. Kao, M. E. Muir
and J. M. Carroll, "A 0.15-pym GaAs MHEMT
transimpedance amplifier IC for 40-Gb/s applications,”
2002 IEEE MTT-S Int. Microwave Sypm. Dig., vol. 1,
pp. 79-82, June 2002.

Electronics 44, 2059 (2000).

[3] K.W. Kobayashi, " An InP HBT common-base amplifier
with tunable transimpedance for 40 Gb/s applications,"”
GaAs IC Sypm., pp.155-158, Oct. 2002.

- 184 -



