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Abstract

For applicating to 10-Gbit/s optical transmission systems, we have designed and fabricated a
laser driver IC with extremely-high-operation-frequencies using AlGaAs/GaAs heterojunction
bipolar transistors (HBTs), and have investigated its performances. Circuit design and simulation
were performed using SPICE and LIBRA. A discrete AlGaAs/GaAs HBT with the emitter area of
1.5X%10 /.tmz, used for the circuit fabrication, exhibited cutoff frequency of 63 GHz and maximum
oscillation frequency of 50 GHz. After fabrication of MMICs, we observed the very wide bandwidth
of DC ~ 18 GHz and the S21 gain of 17 dB for a laser driver IC from the on-wafer measurement.
Metal-packaged laser driver IC showed the excellent eye opening, the modulation currents of 32 mA,
the rise/fall time of 40 ps, measured at the data rates of 10-Gbit/s.

I.ME

FhEEsR S+

43 Eaksla cideiAle AEE Belx glew, w

ApAEE nEsERg B4 4840 8FE F

Y IEER, HRETREFTIR SRR
(Semiconductor Division, ETRI)

*IERE, REAER EFIEN

(Dept. of Electronic Engineering, Kyungwon Uni~
versity)

BRHTI9T4ETA24H, $4%8L1997412H308

sl o

(34)

gha] o] 443lr] Sl Hro} dgske] 2wd FAl
AlxHe] "gslA sglok 38l 10-Gbit/se] F
AFA2lo] AE3} dA} HolE glor, o=
vlgje] Helv|]e] FAAE|AE $7 B FHA
R EAIMHB-ISDN: broadband and integrated ser-
vices digital networks)®] Z7te] & Ao} o]z
T 585 3l Si mpelERF &4 GaAs MESFET,
HEMT ¥ HBT$®} 28 Zmd XA} g4
o]FolAE  AlGaAs/GaAs



19984 1A BFLEEHH

HBT (heterojunction bipolar transistor)E® -$<53F
IEEA, AR Y, TUd 2EAY 2 ¥

& ez i 2ud PFEANE AR AR
A - frrdsiel

a8 12 10-Ghit/s®] FAFA| 2] 73l &
HEE Bofrl FAEe 53| E Saled oY
H A7ASE 2] A5 Wdshe F 7l
& 7P A i, WAl ael &% wzel 2y
HEyor g & glrh oY Wz A del¥e
A5 Aol s A RN F| 2 FASe W
+ LiNbO3 Mach-Zehnder(LN-MZ) ZHiAI3 W=
71V S3HErEA <8 (electro—absorption) W&
718 o8k WA ezA FAERSE7I(EDFA: Er-
bium-doped fiber amplifier)®} Al AMe= H$
AAe Al AP FEolch b Aywz:s
oA FEIHBE o]83e] uk=A #HoA(LD: laser
diode) & o= AeExe] AXZE wHazshs W
Ao g ¥F FAo] deslal ArbEeR o] 7}
&3] 4 Al Km ool d=7t A=) B4l A
slct g alexe AR FeilYs PD
(photo-diode), AFE AAFZF7], AEo)5AY
(AGC: automatic gain controlled) %>, &|v|€]
271, A3 | $E3E Y doFsp| 5o
Z pAEch

5 EER

@ 3AAZY %;:é%
RIR]

TEHE LD

10-Gb/s

PEEY 10-Gib/s

Rk

oy Az

== ()

27

9| iz

FEIL

38 1. 10-Gb/s FAFA 2L B () A
2% (b) S5HzY

Block diagram of 10-Gb/s optical trans-
mission system (a) direct modulation type
(b) external modulation type.
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¥ 1. AlGaAs/GaAs HBT o= F+%
Table 1. Epi-structure of an AlGaAs/GaAs
HBT.
ol == A | E3F= | Aldn)
(A) (em®) E1g
Jule] 5 n'-InGaAs 400 1x10® 05
n'-InGaAs 400 | 1x10° 005
n"-GaAs 1000 | 4x10®
=¥ n AlGaAs 50 | 5x10" 0.3-0
n AlGaAs 150 | 2x10Y 03
LS p"-GaAs 700 | 3x10Y
2 n -GaAs 4000 | 2x10®
BAdE  n'-GaAs 5000 | 4x10®

HBT A%E s4s ovlE, wlols, e =aby

Ztell 98 Ae=Egden Ti/Pt/Au, Ti/P/Au 2
Ni/Ge/Aw/Ti/Au 550 2o gk ex) 5o

24 AMEN 28 2 € glhazhe] 3R i-line
2HHE o]&3l PRI, 714 onlEle} o]
27 fE 7HAL2 025 pmBA 2FHY Y A
UEE o]83le] EXIAHE (semi-self-alignment)
Aj=Egdeh 7h 2ulF4e Hy/Ne #9]714) 375°C,
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SEM photograph of a discrete AlGaAs/
GaAs HBT (emitter area: 15X10 zmd).
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Fig. 5. Block diagram of the laser driver IC.
40 T T Y T T
[T PITTTTE T 10T
‘ !—"— - SPICE Simdi 3 R
30 LL1{1--_: LIBRA Simulate ﬁ,j {‘
) el
< Ok J\\ ,
; =il
£ 104 : I
é |
of ;
| |
-10 .
1 10 100
Frequency [GHz]
3] 6. SPICES} LIBRA 98 A|EHe)d®l #He]
A TE3 2 Fup g5
Fig. 6. Frequency responses of a laser driver

simulated by SPICE and LIBRA.

xR 2413 AlEHelAdS §lsled HBTY &A%
S HepElE 241E AlE¥elejel LIBRAC s}
of AR A 32 379 54 AL =
3 10 GHzolAe] 3 Fulpold £ J3ke vAe=
71218 714 AR ze &gt <3t AEAl (sig-

nal line)®] 753 EAE WE ZAsly o8 =

Hale] B2 AEHe]lAdS sk ¥ 69 SPICE®}t
LIBRAE o]83lo] AlE#Held & 10-Gh/s #o]#]
T% 32 o vehgel 23
A SPICE®]| 93t Fa 5AJL o]50] 17 dBolx
-3 dB t9Zo] 20 GHz2A] AdA AlopS 283] =t
Z3he AL ¢ 5 Jvh =3 7 (peaking) VAT

= (=}
EA4s

e 23] gl oA FA4E 1eFa glo

A &A% Algdoleiel LIBRA®] A2} jzAe]c)

HBTS X% S-wepleist 7|4 e z=%



38

LIBRA AlE#He)Ad ZAd= 10 GHz #2llA ote]
784 tlEe] 18 dB2 ©]53%} 17 GHzY oY
Z EAS HojFq gk

32 Fojohye] AS AFAele A 2uFat Al
a7} B2RE A Alel AYS glln I
(cross—talk) Ao HAEE A1sAIZre] A4 744
AER slglon, 7 FEdzte] 71 IgRs
Teidle] 7 wirke] Al Hiskshe 9 A
TZE o|REE AT APl FL 6 p
£ 71F:o8 ARl 24 syl AR
ke yeisle] HBT AAHEQl 125 pymz AASF}
Ack NiCr %3] Z& 6 um & 7|$22 3k A
gkl w2t o2 wWzAZth seolwAt £4& ¢
& =7t FxE 150 pmE 3 = =Z7)E B
gm X 75 pmE 7)1E0E 35} oolo] B9
o3aks FHA4skslr] $sle] F£923 == 130 #m
X75 pm sl 2B 2do] 7I53l=E HABKI
t} AAAQ A= AL deolsa A3 HAIRE
aEjsle]  wlAEicl. fiEHE H=e  Signal-
Ground-Signal (SGS) FHE Hslz sich 4 )
T PG (Power-Ground)?] whEAel IS #3
k. a8 74 MMIC & Azte] 48 #e]A
T3 529 xRS welx gjrk A A HAL 10
X 0.8 mm?o|ch.

2 e

o]

o 8

a3 7. MMIC el Azte] skgs #He|x T-F3
29 kAl (WA 1.0X08 mm’)

Fig. 7. Chip photograph of fabricated laser driver
MMIC (chip size: 1.0X08 mm’).
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