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Abstract

Since many typical 2.5 Gbps optical transmitter modules use a 50 Q characteristic impedance, they
require relatively high voltage and high power sources compared to the 25 £ module. However, simple
replacement of the 50 £ internal matching impedance with 25 2 results in bandwidth reduction and
consequent problem of data transmission reliability. Therefore, a simple capacitive compensation
method for the 25 £ transmitter module is proposed in order to expand the modulator bandwidth. From
the calculated results based on accurate 3-dimensional inductance analysis, we have found that the
series parasitic inductance is a dominant element limiting the bandwidth and the insertion of a 2.5 pF
capacitor in parallel to the 20 £ matching resister can increase the 3 dB bandwidth about 1.4 GHz
wider. The time-domain results show the rise time(140 psec) without the compensation is greatly
improved to 63 psec with the compensation. This capacitive compensation can be implemented easily
and be compatible with common manufacturing process of the optical transmitter module.
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Fig. 1. Schematic of a 2.5 Gbps optical trans-
mitter module.

CPWeol A=+ dulglx A4 Chip HSES
Zhzt 100 Qolv} BlE A7AS 3l 50 Q& WES
23] s Erjeloloy} W R dAw]e] Eiolo]o]
o} 714 QHRIAE Fd 5 l=S AL Chip

(1415)



218

3} ohZ &L Submount Ae DC Hlolo]As
S SAHe) dZAEw, o] mAde o 3F B
#lo]A rjo]e ol o]F Rriojololg AAYTE B 2
ZollX mFgt W A 7P} $83% AL Ede
ofoie] A€l ~e} A3 |, AMEElE ol
rjoleeo] Fulg Aotk 53] Ad Juelas &
< FEgox 9] AF EEE wlalske] Ad gg922
A AR} aelng AgA}e) WAz gk
+ 445l aFTlelde] Wz AF-E FATIe A
o] ¥ =9 F2 EHolr) 53 B =Fo AW
W2 3h}e] Chip capacitor® AgAg) ydz o
Astez o & 7 WAgle] zbds] FE 4= 9l
= o] ek

I8 2= #HeolA tlelec g ¥gksle yFw 7z
9] F7IBRRA] wHolA] tio]lREa= ol b AsHS
Q)28 FAHE $ glen], Coud F2 DC ujoje]x
4 =AM AU s~ 01 pF)og
o] v Apowv g Falg EXL A AR A
A AF dEIAE 2E Holoolole] Qujeire] of
FHEoR Ao Jepd o= qlok

| Lt Am w2 s 2t
7 TT——"1 " bi A —\A—
| b o=
; ! | j i } ! 18t \gu‘
— 2. _ ~ =
iy s ! == Coax =z = S ;
oF ‘ -3

Driver . Package Extrinsic intrinsic

——

Laser Dicde
a8 2. 354 2B 3R S} 32

Fig. 2. AC equivalent circuit of the optical
transmitter module.

2. 54 mge| A why
1) HFE A #lolAe] W S} 3
Intrinsic #o]A] to]lRzo]l FA 8 4= Tuckerd
7 e olgale 7R 5 Qo Bl Aol o
§ 05T g ulg WAL B! olasie] Tal
o} Intrinsic #o]A] tlelecs A= C, R,
Rsl; le, Rsz—E D}‘%‘;‘}‘ %E}'

1

25 Gbps #44 ZES] 454 24 2 A9 Z 3y

(1416)

EE— 4t

Tn
Ar,S,
1+eS,

Rl = (2)

c,,(1+

)

R, (1 +eS)?
B+ Ar,S,/ (1 +eS,) TA(N,—N)

L,= 3

LA, - NS,
(1 +e&S,)?

st 7T ’ Lst (4)

I'8N,
z‘7l's[l

RstZ = ' Ls} (5)

4714 7= #elA pn A o4 Az 28 7}
Al en, No, Stz 75 AFel vz} A== v)g
Al A Al ol AR Ajelels] Seel
dARsirtar sl delxl Al& o)&sigich ¢ A
(D A (5)ell AHERE o)A ol xo) EA) Wi
o} Z2 E 1o vehliglon) 18] 20 Extrinsic
intrinsic #o]#] vlolexe] wfF 57} 32 vjehy
ek 23 2604 Cp, R 47t 843 uie) 7|48
&, #HolA] clolexo] Adx|glo]ck

)

=

® 1.HE=A Hlo|xe] vjgx] BEAEs
Table 1.Typical parameters of semi-

conductor laser.

7 & Wwos d oA HEA Q) Wt
Ty Pz} 1.0 (ps)
Thn Hele] 3 2.2 (ns)
r 7|8 wEo) P& A 0.3346
A FolE A 30x10% (cm¥s)
Ny Fol5el 04 Ao Ux LOX10"% (ecm®
8 2yt A A 1.0x10™
e v A3 o5 A4 20%10™"" (1/cm®
A Lasing }#F 13 (zm)
da A 20 A 0.15 (zm)
w B3 X 20 (um)
Lc dlo]x Fxi7] ZHol 250 (pm)
a At AsteFEx FAAA #9 | gXL XWX,
2) FH4 2By wF 5 IR
FHA RE T S5t BAL dA A A
ol 2 Fe ] el olF A8 sl
Aol wlg- FQa3Hd), 53] 7|29 1% Fat 73

FABHA dEE xRS Bddolole] &
=4 ool 28 2004 Cpa, Lut, Luz, Run
< 24zt A71A9 71 L) eles]ls) ey
o2 AAEE s Belejololo] 27t <l
el A vke A Ho)29] submoutE <974




1996 7TH BYIBM@E: £F B 4% AR FT8

sz Edololold] Adwdx, aelw AHRAESE el
Bk BA] mge] gojelolool] 23t A 71A8A
¥(inductive parasitics)> 2 EHS o]&3l] B
HoflA] e AE Al 4 2levt 10 GHz ]3]l
A AzP] A Asle} dxsing ¥ qlues
7§ (partial inductance)& ©]-8% 32H1 AR~ 3
4] =2 7%(Raphael)& AH33l 2=y 2
sjololE AA A3t

7122 W% leiklas) 50 Qa1 25 Gbps§ 2E
9] 734, L wx AR st 75 32| #]le]
718k E 32 iR qluwdss) Aot
A 2wrt 25 Q RE) vsl] muR A AH
e e Al FF IEE Qe 25 29 uin
AAUAE Zhe 75 32 g Aoz 7Ad =
£9] 7o) "otk e, ARARE 20 Q2
2 Ag 29 Ad dA4=s Boejele] To QY
a2 Qg f52A eldesr) asdie] Ay 5
55 Welising Wiz o] AlghE WA =t 1
AR HPAIHRL) o B2 B 88HCoomp) T 4
Astnzy aFaloae] o5 9 o E 7148 uA
g 4= glc} vlele) AHEEHCha, B Cp)2 A Ul
FEME <]43F 3x] Ax8sf Ak whj oz ve] 4
A & 4 glot 3Fg WE Bl & s
ulx]x} ob= 2k 3g Zecl

. a4 ot & F= A

1. 373} 7| AR A A3t

H7)2e] 7| AR F 2, B e B
$ARE 3L wxe AL g=xyglst 2ole|ef
o} el zolh!!! gl gl AMgEl Rrisjoelo]
+ AjAe] Folx AHe] 25 pmely 1.2 mm, 05
mm ol Abgtriple) 2¢lolole} 1 mm ZHeolg
°]%(double) Hrjejolofoct. ojzFt Rdgjolol= 1
9 13 2o} 124 el=xHdw A, A
e Fo)x2]  submount, HEEA  Hojx|}
submount& 74zt dZsled] A= ol &
slojoie] 3ak¢) iy oz ALk el e 27 0.64
nH, 0.21 nH, 0.56 nHels], 2|4 2l==#41(0.4x0.2
x15 mm*)e] AH-AE 067 nH, W =9

(25%1%x0.01 mm*>2 AFElAE 12 nHEA % 3

147

219

d Je=las= oF 3.3 nHeloh =&, H7)=]9] & A
B3 Cpa)E 3 0.2 pFE AMIE]CL

2. 27 Wiz B4 M Ay}

D) Fa4 2 Ad S5 54 A4 A

#o]A rlolexel FEARel Al A A7 ]
( L/ In )7k 59 of AxF 83 A Af+= 110
mA©°l9 intrinsic #o]A rlolere] FAge4al Cy,
Ry, Ree1, Resz, Lai= 212t 450 pF, 054 @, 15 mQ,
16 # R, 062 pHoltk o] AR Hkwa| Ho)zle] w
F S7Bl&(Lw =Lwi + Lw2 = 3.3 nH, C, = 2 pF,
R, = 5 2")23e Ag-sHRwe] 27t 50 Q3
20 Q4 75l A3 A3 Wz BAE Intrinsic
KA ellolHe] Wi S} A 23 3¢ viehilg)
o}l o] o FF3Re £ Y BB £ AW
AT #olA tlelexe] Wy#igte| ghat
A AAEAG A4 TR REe 54 o
UAE 25 QoF vk WAL & A$ 50 02U o
visle] -3 dB tgFe] k2 3 GHzol 10 GHz=E 7
GHz9] tjgZe] 7rAghe Y 5 Uk 22z
AFAEE 50 QoA 20 Qo es] A3
o % HqE} o]59] 7ha- ARge] A% FoE ]l
sl 25 GHzollAe] A=A Qe E2H8 7)hsl] of
el

intnnsic
50 Q matching

Normalized Response (dB)

25 Q matching

1 10 100

Frequency(GHz)

a3 3. Al o Al B8] Fae &
5 54

Fig. 3. Frequency response of the optical
transmitter module for different match-
ing resistors.

=2 A
£ 345



220 25 Gbps #4A ZE9 &3

ntrinsic

Normalized Response (dB)

Frequency (GHz)

O3 4. B4 88 a}E 3454 v g Tl §
9 54

Fig. 4. Frequency response of the optical
transmitter module for different com-
pensation capacitors.

a4 4E 3¥ 29 Hl 2B i 5t e
3k A Tk Sute|oh o] w) AjRXER 20
Q2o YAEem, 73 3] w3l nie} o] EA
A AE 50 QoA 20 Qo wiAsle o %3}
He Fok &9 5A4S N slsle) B g
(13 29] HAoR ®AX HE)L Algslich 23
4oll4] BAY 82K Coomp)®l F71ell w2} Fal -2yt
4 FIETE G FueE g olgshu 3y
277F AAadks #aAs 4 Qlrk =3 wAb gedo)
25 pFd wjol] B4} 8348 weislx] e 7|29 3
Rol} v]3jed -3 dB g Zo] 2.9 GHzellAl 4.25 GHz
2 1.35 GHz(47%V} F7isigiova 71 2 oo
ol ZHA1E S 5 AU-SE FIsgdck

2) 32 3¢ 54

13 5(a), (b) 23 29| S7P3RE o]fslo] A
o Wz Alse sl At P 5t B
eye diagramel|th I8 5(a)ellA AR A7 Hrising
time ; )& £ H2ol A4 Abelel] 2ol of
£ 7R &Y AR 90%9t 10%2] A7 ol
Aosgiet 0 mge) g B2 P4l vy 3} 3
o, F A7 A AME A tipw, brmodue,
trfiver, trreceiver®tal 3P, B FA7E Eafja] b #
% 3} A3Z(optical signal)®] A5 A7F burs TR

3 o] Aoz vehd 4 gk

A B4 Y 9% g £E—

220 ps

(b)

33 5. (a) A ¢ B3 (b) eye diagram
Fig. 5. (a) Step response and (b) eye diagram.

tr,lor‘tal = ‘/tzr,input +t2r,module+tzr‘fiber +t2r,recezm . (6)
bow < 01T = Qfl . Q)
B

A7V Ty, fo= 22F " A3 J), S5
opnlget. A (6)ell #F slolme} 3 Salke] Abs
AR Az Batefl wet g xjolr) vr] mj el &
el 3 slolme} 3 Salhel AbRAI7RS we

(1418)



1994 7TH BTIBARLE £33 % AR B7%H

342 Ui TAPHOE toead AXBIKCE 2 A3, B
Ab S AN sk Wik AMSKE o A
Al7o] Zkzb 140 psec, 63 psecS #AsIGI) o]
Az AZbel Hd] 84 Az A LrzNE A (7)
£ o]43le] AAEEY, dHE fp7l 25 Gbpsd =
trrows % Tholyje} 3 pAlete] Abg A7RA] E3}
ato] 280 psec ol3p7} Holof &g o + Uk 2@
U} B sRedde 1% 32 wEe] Ak AN
il en g ¥y 744l 130 psec ©lEP) =
of gt} g 7|Ee] vl tialed A
20 Qo7 AsIAE Aol A 2R 71
g glom, Aljkel »AF £=K25 ph)$ 20 9 A
Ao Wdz dFdsi] wEe s Az 130
psec °]3tE frAlaledo} L &It

a8 5(b)9] o] zefEA] & eye diagram
2RE] RAS AF 2EY A9 718 2B v
o Heye)d =7} SIS WAsdcl 53] ITU
FAN g B A7l AEHaPA Fe A4 ¥
Mol 712 2E9 eye diagrame] BAF £8k& AMS-
a1l wWincl oS- st AHgol 23t BERY 5
717} Askd Aoz wxidcy =3k 71FRe] ZES A
23192 7St B SRS AR RETY] AbdA
power penalty(Pp)+ o3 3ol F-o1zch

4 input, no comp.

P, = 10logy — (8

input, comp.

A7V Tinpueompes BA 4558 AHERE 28| Sl
AHO) L Lnpueno compr= 712 ZES] EHA7 =]
7t A} 88 ARgA0] 2 R e} AR Y
o7 A F Y ARE ovighek 99 A (8)
A831e] AJ4FE power penalty: 05 dBelr}
gz 7|1&e] g AAE 20 Qo8 A3}
o]e 7Sl 05 dB2) power penalty7} &3}
Aok BAF ARAEE AHSIlS A HE 589
By =g Jdd $ ok w23 B 898 A}
45 2Ee] ASodle 7129 BES SIS AT
of wlste] F& Agke] AMgeo] shsEnE 7F 2
o] F&o] fo|aln], At v]Bo] FolE F Qrk

=

3. B3| T ukl
ShellM A% A, o15 S Tl A AP
A5 B ARARIAE AR Fl 28] 5L

325 uEsle AA 2EE 73k Ao] Wg F

O

rr

(1419}

221

gslck 33 24 712 2EL aFu gA 3R
Wy od4s 100 29 3 A3 chip resistor)& 560
amx560 pm 9 20 2 AAIH A 2718 B
=25 pFe 3 &8Kchip capacitor)2.29] djagte
2 ZHsA AAE 4= qlck <714 20 @ AgA S
sl A2 50 Q9] 739l Blsled 254 2] o
ol Ay An 9 JF wEe] FAlE gtk oled
A ekt Ab 488 3000 #mXx2000 ¢m 2719
F E55 g so] ol FAloll AARE Fof o] vt
Ho]AE B4l BE Ul Bdoolo|d o] gate]
2y 7|E g Az FAL £ wslgle]l A
Ao] 7Fs Zlolt.

V. a2
54 gluldderl 50 Q4 FEAl 28] A7) T

=5 o2 o]g3ldAM ¥ 54 d¥dart 25 @
| H5E A 20 o dAsldS o @A
HE gdE g AlRA A B BAEe slAst
7] g8l Al S8k AR HWPE AAY A
S0l disle] Fub= 25t Alst S5 eye diagram
2 sAslgdel o] o mEe] 7 83 J|A AE
olejelsel wizo nx|e F3pE AHEs] ejslr] 9
alo] 2l=xyq] @ glejololo] 7| AdERIAE 3
A olguls M upieR sA3slct. AiEx el
WYy WAl 82K25 pF)g 938" A, 7189 28
o nlsle] 1.4 GHzo dHE AAS dolem, At
2ctit eye diagrame B3 " &M A 7)E 2
o] APAETE 20 Lo dAstdg Aol A
%= AJ7¥o] 140 psec® A EF(130 psec)Br} =0
7 A 2% ¢ gle-g daslgle, 494wy

& 74 AbsAlZto} 63 psecE 2A ElE T 9
S-9- Eolsteir}. B3] £ 44 R w2 AlA|
) FEo] wl$- zhcdsled 7|E mEe] A WA
o] Zicksl At 4 glome & AR I A
Albbe- £3F A48 ZldEio).

i
o

=N

(%)

o

ol

o]

S |

e

[=]
e

{11 H. Tjassens and J. T. M. Kluitmans, “A
for 4-Gbit/s optical

Philips Tech Rev. 44,

laser module

communications,”



222

No. 5, pp. 162-164, Nov. 1988.
R. S. Tucker, A. H. Gnauck, G. Eisen-
stein, and C. A. Burrus,

(2]
“Laser packaging
for very high speed lightwave systems,”
SPIE Optoelectronic Materials, Devices,
Packaging, I, vol
994., 1988.

H. Blauvelt, D. B. Huff, G. J. Stern, and
I. I. Newberg, “Reduced insersion loss of
X-band RF fiber optic links,” SPIE
Optical Technology for Microwave
1102, pp. 70-717.

and Interconnects

(31

Applications IV. vol.
1989.

E. Ackerman, D. Kasemset, S. Wanuga,
D. hogue, and J. Komiak, “A high-gain
directly modulated L-band microwave
optical link,” IEEE Microwave Theory
Tech. Symp., C-3, 1990. pp.
153-155.

C. H. Cox, D. Z. Tsang, L. M. Johnson,
and G. E. Betts, “Low-loss analog
fiber-optic links,” IEEE Microwave
Theory Tech. Symp., Paper C-4, 1990, pp.
157-160.

[4]

Paper

[5]

& B —(AR)
19694 8H 1484 19959 2
9 ot WABEE 2]
(FRHAD. 1995% 38 ~ WA
oBFdista distd AAEels
M ARE R ok
24 xR A% 2
22d4/39% A A% 8 34, 24/7UE A

2
9 &Y 2 34 59

) =
2 34,

Y e
2

FhEREER BIIHBARB2H B3R
Al olFdigtal A7 AR

g

X X A

25 Gbps 54 289 &34 ¥4 9 dd9F &

(6]

[71]

(81

[91]

[10]

[111

H

£E— it

Charles L. Goldsmith and Brad Kanack,
“Broad-band  reactive  matching  of
high-speed directly modulated laser
diodes,” IEEE Microwave and Guided
Wave Letters, vol. 3, no. 9, September
1993.

R. S. Tucker, “High-speed modulation of
semiconductor lasers,” IEEE J. lightwave
Tech, vol. LT-3. pp. 1180-1192, Dec.
1985.

Z3E, =13, 74, “HlelA] clelexe] A
718 wlE-EA e G O Rt ARk
Z, Al 304, A%, 73, 1993, 7¢

R. S. Tucker et. al., “High-speed and
Ultra low-chirp 1.55 gm multiquantum
well A/4-shifted DFB lasers,” IEEE J.
Lightwave Tech., vol. LT-2, pp. 385-393,
August 1984,

Ashok K. Goel, High-speed VLSI
interconnections-modeling, analysis, and
simulation, John wiley & sons, Inc., 1994.
ITU-Telecomunication Standardization
Sector.

& M IHERR) BB EARB2 M B

(1420)

Al o distw A7|HAALZTeHE o

P
<



