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A 2-3 A Modulation Response

oA A AE rate equation®] steady state small signal solution® 25 ¥
LD modulation response® €& + A, °lg7 YHAE rate equation
Yo g WEE en} go] wpFol Foen ANETh I = L+ i-ef,
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o 7141 Ao, Al Az, At ZHZ T3 2

1

Ao +]A1w—A2 w2 _]A3 w3

Ts

Tome' S0 [ Ly -
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A 2-4 A L Parameter
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3}8 2 ¢ material parameter2 linear interpolationdt®d AH&3tch & 39
%2 ABICY ZA$ parameter P(AB10)E [xP(AC) + (1-x)P(BOIEZ, 4
A FgE ABCGDL Y AY PAB;CDiy)= [xyP(AC)  +
(1-x)(1-y)P(BD) + (1-x)yP(BC) + x(1-y)P(AD)IZ, 49 3¢ & Ay« B<C,D9]
7% P(AB.C,D)E [(1-x-y)P(AD) + xP(BD) + yP(CD)]2 3t} 73t
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H 2-1. ¥ =594 AlE4H 2933 E 9 material parameters

matenal parameter GaAs | AlAs | InAs InP GaP
lattice constant
56533 | 566 |6.0584 | 5.8688 | 5.4505
ap (A)
spin-orbit energy
_ 0.34 0.28 0.38 0.11 0.08
4o (eV)
Evao® (eV) -692 | -749 | 667 | -7.04 | -74
deformation potential
1.16 2.47 1 1.27 1.7
avy (eV)
deformation potential
=717 | -564 | 508 | -5.04 | -7.14
a. (eV)
deformation potential
; -1.7 -15 -18 -1.7 -18
b (eV)
deformation potential
-455 | -34 -36 -5.6 -45
d (eV)
elastic stiffness
u ’ 11.879 | 125 | 8329 | 10.11 | 14.05
cn (10 dyne/cm®)
elastic stiffness _
u , 5376 | 534 | 4526 | 561 | 6.203
ciz {10 dyne/cm®)
elastic stiffness
1 2 5.9 5.42 3.96 456 | 7.033
cy (10" dyne/cm®)
luttinger parameter 7 6.8 3.45 204 495 4.05
luttinger parameter 72 19 0.68 8.3 1.65 0.49
luttinger parameter 73 273 1.29 91 2.35 1.25
electron effective mass
0067 | 015 | 0023 | 0077 | 025

m /Mo
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2-4-1 SCH Transport Time

SCH 949& E8sts=d AddE AlZHr)2 ambipolar 71219l transport$}
charge neutrality® 7R3t AArstH, SCHAM 7lelold] T3 e o
Zo] gagE Atez FIAE F 9dh.[6]

_ L' DD, 1 LI | L}
n="3 " (p,p, =72 2D, 2D,

__ Telectrons T Thotes

B 2

d7]4 L& SCH 999 Zo], D, Dt 27 Aae 39 &4 Agold
9l9] Ao g HE] ambipolar transport® 713 ¥ A% 7H2iol 9 transport time<
Azl AG Alzkz A Fol AG A7 FFAL & & Utk wA Mol
capture time( 7 )& lpsZ 71A & w[11]), AMalol7t SCH ¥9& At 42+
of XYHE AN} & ©SH Zh

ns
r=r,+ .= Lelectro 5 Lholes. | 1ps (13)

2-4-2 Thermionic Emission



AYAY g Ade Aol HA Aoy 2 HAE FHAZ oA
Bolzman $AE F5#dx 714E& 39, 19 2-3% 22 FxAA FAFE

gBtoz Aeolzt 45 o7 He Ao ot 2ol fFEAT(12]

_(2mm’Ly .y
7-'e_( kBT ) :

exp(%) (14)
714 Est & AAZHEol2 FATE Ao o dee A

o A} AFHAAA Y Fololth, m'E FATE UM e FEAF

(effective mass), k€ Bolzman 4%, T AW 2%, Lve ¢AFEY F70|

.

2-4-3 Tunneling

FEALE TRAME FATES AAFYH AT wolg FA 4
M Eeso gtk o] B9 ANFH FA grew WG HFY HFd
F(wave function)E Zzte] FA¢Eo €3] MPFHA fdu HEdF o4&
FALEHY AEY Pidol MIIA dh ol 1¥2-37 & TEAA HE
F Hed Zge A2 otdg 2914l

r,=% (15)
— 4ﬁ2ﬂ2 . exp(—GLb) _ 2Ebm' 1/2
dE=- 1T " T 1+GL, - G=)



7] RE Plank 24 hE 272 Ui o), m'S 4&A+E A sigd]
9 §EAL Ex AN Eo] Lt AHAE Y T,

._24_



thermionic escape

EB . Eb
lcam tunnkling R

- YX2 R 2
............ ‘_&Zl oALix] Z9

a7 2-3. CiEYARE FX0IM BB D HH0{T7| By



2-4-4 Interwell Transport Time

G987 Aelo] AR AW ojrlo] o AU Aot AAY
Aelolq BAY T ol Fa9Bol TYSE HAoY HIY HPL AHA
o)gojch mebA ¥ AAL FALE Aol AP 2o} FAsA =z
9 we Aol oa Aol AR AWM Bk BAd FASEL A
of Ag Alzre o) AN} Tol & 4 3L, 2 ¥ ambipolar transport

g JHgetd oedt ge Axst 4T Y@@l doh

_ ( Te b + Tc) electrons + ( To b + rc) holes
Test .= 9

. Tt electmns+ Tty holes
rt - 2

2-4-5 Band Offset

band offset& %ol A(14),(15)AA & F Ax] FAF-ERY o] AL
Azt & Qe FE 248 HHIA A= or sk ¥luwH P& band
offsete model solid theory® Abg8t] ALE & AtHI5) ©S<] AdA
2t oo I 329 material parameters ¥ 2-12%FH  linear
interpolationdtd z}z} 3814 ot
a3 2-1004 N J9(FAE, AY B, SCHS EA A4Eo] Folzd 3
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©  band offsetd] AL WA g} ol A GH(layer)le] e

strain tensor (&, €y, €220% TIHTH

€2=—Dpéex

Q714 ar #F A9 Az 44(lattice constant), Dpe 8FY &4 A=
/et et FFY A$ tensile straino] 7} Aolm oW
compressive strain®] 7}l 2 ZHo|th

HH band, LH band, SO band® ¢ $4x g9 FZA Evad W3
Zol 734

4L
2

EU,GU=EZ'.QU+GU
o711 a.= deformation potentialZ FE 2-1o14 F& F U3, 4Q/2%
strain®. & A HaEH AHOE g4 + £y + €°H

7)o strain® A A7) splitting®} SO U7 splittinge neldtd A 4

ool ) HH band$t LH band®] A& ¢ g ztz 734 o83 2o

4y _ _SE

Ev,HH= Ev,av+ 3 2



4y . 8E

Eoin=Eow— g +2F + S 143+ 2,05+ ) 0B

4

71X 4y spin-orbit energy, 8§ EX deformation potential b& %A 2b(e
- ex)E UERE F 9t

Z+zbe] QoA T3 HhAA X AQJ ElA valence band offset
(4E)E A4 £ 2o & 2-291 UYde ZF 31829 bandgap 284
strain 7 & 312159 bandgapd T I[16] I AONIENE F& H JE, &
AE, 21 & conduction band offset( JE)E T3tHth InP 718l AAA -

InoxGaosAs®) band offset JE,& A4 AF (03%eVE Ugton ojRL

rlo

Lang(17]o] 2 &gAd ¢ 035eVel om Forrest{18l7F A@AA d2
0.36eVet ZAHE grolth & s oA ALEE strain 24P InGaAsP/InGaAsP
AS¥E JEJ} strain Axd we 03694E, ~ 0376 4E, strain 2A4¥
InGaAlAs/InGaAsP %% AE7} strain =0l wet 052 4E, — 056 4E, ]

AN 23E B



® 2-2. B =894 A84 3¢9 bandgap 434

B3E

300Kl A1 bandgap A3 (eV)

Im— xGaxAS

0324 + 0.7x +0.4x°

Inl AxGaxASyPl Y

1.35 + 0668x - 1.068y + 0.758x* + 0.078y*
-0.069xy - 0.322x2y + 0.03>(y2

Ini-«GaxAs/Pi
(InPell AARAEE)

1.35 - 0.775y + 0.149y°

Inl -X- yGayAleS

0.36 + 2.093x + 0.629y + 0.577x° + 0.436y”
+ 1.013xy - 2.0xy(1-x-y)

In; xvGayAlkAs
(InPell AXA )

0.76 + 0.49x/0.48 + 0.2x°/0.4%°
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A3 A ¥x Sxd 9IS T

84

LD AH ¥z £%5d YL F+= Q42 AA intrinsic 84, j o
A @4 LD deviced parasitic 842 UE £ U} intrinsic &4NE AF
o] & (differential gain), FAH(photon)d %, F2}te] A9 A2t (life time)s o] NI,
AMelo] Hg a0l sl AD(transport) A, Al EH o7
(thermionic escape) A7t 5°] oW, parasitic 849 serial resistance,

parasitic capacitance 5°] 0t}

Al 3-1 A Intrinsic 84

Intrinsic &47F LD 3dB WigdZ =z7ld F+ 9% Lau®t Yariv[7],
Bowers[8]5-0] A& transport &7} A HA %2 2709 rate equation®l

A #Ed Foig $2o2RH ¢ 4 U3, LDY 3dB d9gEL IW F

X
P

(0l HAsa w2 (LESL)RGG qnN @ & 9% LDY Wz
b

WS ZES 34 87 YAMAE group velocity(vy), AHE ol S5(go), B2 FE(Sy)

g A #opgt 3z, B9 life time( )& ZA FHopgt @



3-1-1 A% o5

#% o5& £ AMaolel Mol @ HolT Wl A H FolSe
g 2ol £ 4 ATl

_ (1 h n :
gho)=(5 ) o r Mol ho— E) (= 1) (16)

hwe 328 duA, eos AF T §38, ng& LD W9 group 24
B, ct W9 £%  pat reduced density of state, ¥ fy= conduction
band$} valence band®] Fermi ¥# #Folch 71&o] @ o zAME A [4]
oA e} k. 714 | M4e transition matrix element2 | Fy|Fp> %0l vl
A@cH4] HF oIS Aol FYol & 0|59 Wslelmg oJAg IA 3
7l AHAE A 160H APl FIA FIE pralfe - IE A HFB H
th o)A e Al [pregfc + Oreall = )] - 0red’2 BHAY F ATk HF71M o
£ prall - £)E pairZ 53 YA (h w)E Z= 72 conduction band%
valence bandol M @Azt AT WEE vehdt, max o #sE A
#77) AN E Aoyt #U48 d 54 duA(he)E 2E A 3T 4
Zte] Wx WaE AA HFA ¥k 2 3-104 Aot FJE o 5F
AUA(h 0)E ZE A AFY YE €3S 49 B £ A @% bE
Ao AFe) $1 APl & A% HA@Y FASFEOD)NM 2 ByS 4
7 & Zlojd FASEBANE FQ A7t F7HEFE 2 bandl A ol

Ae 7l peakdd £& FAENZ A7 Z bandd] o2 FF FAFL(ARD
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£ v(E)

0 c(E)

gl 3-1(a) my = me o H3 FAOA density of
state®} Fermi &8
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O v(E) © v(E)

| 1-fv 1fv
G Ci
fc fc
L
© c(E) © <(E)

agl 3-1(b) my = me 21 YX2E BRI density
of state?} Fermi &
32 3-1(c) my + m, ol YXI2F SEOA
density of state?} Fermi &}



AUAE e 2e HEF), 4 bandd] EA Aol T W3t & wid,
A B Melol LE7T peakd o]l RAHFA &, peakdd RellA < 7
o]l Bx W37t 22 Fol AF oS0 ¢ AFE ¢ F U AR #EE
F HolA A7t AFTRYG FolX (c)9 ¥]&E density of stated 7FAL 9l
o (b)¢ (©OF vwaEd 2 g9 HAst AFo] FYUL 9, )Y A+ 2
density of state® 213} valence band o412 AT A= W7 (b)Y HF
BHg 22 ¥o wEM (b)Y SR 2F olSe] FA do. o|2RH A
o F& AZo] AA AFE AF 0|52 AA # F USE & + UsH 9
RAEe& P9 T compressive straing FTo24 Jlesit. FEded
compressive strain®] 7} quantum wellZ LD9] active layerg 3l A o]
AE o5 "HolAM #asdes AL &+ U

Y¢+E ZH Az Y5E substrated] FAz A9 g2 Aoz JFAF
A HA o] ¥A$E2 straind WA Hn I A3 2A AATE 718 HRF
waka ¢z waoz =i U HOAM valence band?] TE7T HPYY =
&3 utAA "ok A7 AZA = layerd] AARSFTE 18 AA Ay
2o} & 73 compressive strain®], & ZF$E tensile straino] 7 E T
sk, 219 3-291M & compressive strain®] ZFR AS AR AR wE
Uetd Aoz a9 Az AFE ZAE 71 Hod ad A AFE Ze g
layer& 43A7IA HA 7@ FHAL A Fr(ads ad A HIH
AR AAE KA A48 Z1Bel] FAHQYA LFY AR AF@de ° AA
A WgEd 29 3-3& B9 strain®]l 9T A9 valence band? 7+ &
W 7]go) < wEy FHYF W] 7 tiAe|n k=014 LH band2}

HH band?} degenerate® o] A& RAE & F QA9 compressive strain®] 7t



Zlgell 2Q Wwakn +3Q W A Ayt g27] fgEdd H

e

%

3
2

A

_?_
2 727z vy LH band® HH band?t © °©l4 degenerate®o] UA &
. o471 gdA FZE AHEY 7@ 39 $¥e 2= HH band’t LH
band9l2 €7t U2, 92 HFozEr wdE Hoj UAF S & F+ Ak o]
E3 B4 Jde FE AFL JHo 32 wEe {fF HFFo|i valence

bandol X 713 9ol U+ band® AF FA R LL compressive strain® 2

A o aotdee @+ Ak



aj(=a1) < ao < a-

a8l 3-2. al X 37|9| 7|& 2o a0 HX} 3|2 U2 layers
MZIA|Z mf{compressive strain), X2 HY IS



E

HH
N
“— k” ki —

E nostrain
_LH

NN
A

—ki' k-— — kji! kx —
compressive strain tensile strain

HH

2 3-3. strain0| 7sk& of, valence band’}
HEE= 25
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3-1-2 JAYE

FAAEE FEH(P), stolol2 BRI &3 2L dA7 UTHS)

— L ar Py _ Lot 081y — 1)
Vtofal h QU Vi‘a!al qvg( am+ ai)

(17)

7NN ane FAQ v &4, o FAY Y EHE a..F FATEY
F2A W &4 0 FATE 9 FA JdF 4o F 4 (A - TMNow)
@ex * Tomw@ac®lt. Veus FASEE9 F A3, 7= injection efficiency,
e ulojolx AR, In: BAMA AFE e} 2 AHE T3 72 +
ATH19).

4 2AMA Ao 2EE TSI 22 YA & F U,

Fﬂotalgth(Nw)z (1 —Ftotal)aex+rtotaﬂac+ Ay (18)

4 (18N Qe A Aol WES g JozRE VIR BFUE
g 28 & Utk
Ju= anL (AN + BNy + CNy,) (19)

o714 pne& YALESF, AX nonradiative recombination A4, B radiative

recombination A%, CE Auger recombination Z|3=°] t}[20].



A (17NA FAe] A= g A 3] HEAME BFEH, vlolos A{FE A

$AY, 3715 A4S 3A #™ A5e AL ¢ & Yok

3-1-3 BAS AP

37 ARARE BEH 2] BAE A

1 1 .
T,= _ = (20)
vg(a,+am) Ug(a’,"" 2}4 In ( Rile ))

o714 L= cavity Z9°], Ry, R cavity ¥39 =HAL Algolth 4 (20)of A
¢t F 9l%o] cavity®] ZolE ZFoldH F=ztrl o we] wUrl lifetimeo]
tE e 4 F Utk g cavity?] ZolE HEE A HAse Aol A

Wz g9Ee s 7] As ngdsge A% & FUk
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A 3-2 4 Az AL 84

LDe) Ay Wz WHez 4d AR

i

EA biasE J|FEe2 o FH
on/off NZSZA Y F2E L onfoff Al71E WAL F2 AL & LD
7} 10 GHz9) Ad ¥z dd4EE Mo
wol LD7} 10GHz] #£8E& dude A
P A Agel A A% AT Az FREs UF wod HF A5 A
Zoj7t Zt G2 =EHA o] Aojd A&3IE FEHE WIE A
2 A57 7l A LDE Adiz ¥2=HA ged F Azl HF

o o8 LDS A Wz o] AF wA Hed, oo Yoz I

l

el

AL dY ANE=2 10GHze) UEE

o
i)
a
L
i)
i
of
)
x
o
i
2
o
N
m
2

2l low-frequency rolloff @4H5lelelx Azkgoh welA LD Y #HE d9Y
Zg AA 7] g3iME o] Aele] B A A E FHo FE H F o

Aedol7t 2+ FA$EBANMN SCH d¥2oz wiurie T AAA reae?t
ol Fjzloj7t SCH ddo2 WF 4w wxvzd 29 FUE Aoy
collection & WA umzx F& aAF o5& A v=t Aol Jd5l
Get reawes ZA FH FE Ao collection &0l

ol50] Z7tska o2 s LD A WE WYEo] F71Y

o oy
L
2
Fo
ot
2
offt

elol FF MG AIHS A B)AM & 5 ARl SCH Aol g Az
FALET Ao dF Aoz FAHAHIL, reaee A )M o)t €5
o712 <18 SCH dHe 2 wArstes Az, ¢AFET Ao g Ao

2 FAEG LDY Y ¥z d9gZE 3A &7 A8 2o =odz Ao

_40._



HF A AL 9ES FA 8L, reacd B F Jd2W A o} Fh 2
AU FALED AMelol AG Alzte] &9 AFAA & F Uxol Ao BT
A AT readl A FFE FOoEH FAC I WY ¥ 2-1%
e 728 HAM SCH 99 £329 bandgapg IA 89 reaed A7]9NA
FAFERY Aol Y A wFRG Aot 48 «rl2 A3 SCH
ddoz wAUste Ay vFE o ZA & FAFED ALl de Al
e 2gozx A HF A ALE Fo)D reaed A e Aol 7L
ettt 2y 29 2-1% 2& FEF ofd 7€ dFUdAFE LDAA F
AEHI Qe FEZ SCH 999 223 d9 B 24& 2L 238 3=
FZE ALY A4S e 22 AR A Ao Al oM HAHEI Y
A Ao =3 Aol HF A2 AR AA &yl $3 SCH sl dd
AE Fole A& AAY 7= YA olAE A 7] Y& SCH F99
o]l A ¥ AS FUEAFT o FelAE AT ol SCH 99 Zol9
HH ol glo} Al ALH FILEAS Aol HAHY trade off7t A

i)

L)

IDY HH Wz $Eo FYL FE 222E ooT U AR AE

]

Lo

LDl ¢17}8t=d Wsjrt =l=  parasitic capacitor®t A LDY 2% 4%
Yol ¥ series resistance$ 9| parasitic 842 spectral hole burning T2 2
oA M7= vlAHE oS HEIo|5 compression factor, € 2 &9 rate

equation®] ] E&3H )50l YA, A7IME =dHA Fu

Fol N =9 LD A ¥ dHFE AA 7] AT HH3 HAA o
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A H 3-10 Hois) Bk
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¥ 3-1. & WZE 9% LD9 HF3)

A3 2 ]
g °l5 (go) 7
ZA 2E (S T
LD cavity ZA°] (7,9 #dH) !
carrier A MY ATF (7 5ave) d
carrier escape time (7 cave) 1
LD9] parasitics 1
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A4 A9 2

A 4-1 A AEH]A B

E =FodME ¢ AN dFEFRLE 729 LD g MEL rate
equation® EWHE 3td B4 Aol solutiono.ZHE LD Fag §H
EANE T3 ojF EYE LDE YA MEZE rate equationS F 3
LDe EAS sH4t7] Yl C Aol2 Z21PU3S simulatorg TA3IHAT
o 71 FojA T xo| g gain?} gain compression factor AlAFE 3HA &
7 4AE Fg 7HAsn[21] simulator® FAIFAT simulatord] YFHo R
SCH, AAY, ¥A$29 F2HA T4, E5)3 HE& FAFE2A A
%, bias current, /ol e gain ARE 7L Ue #Y F& FAHT
simulator®] £30% 3% LD9 F8 parameter &5 AL 2#He FaF
¢ EAHE T2 98 " ATE(An A, Ay, Aldel U2 EF rate
equation® FAdE FQ parameterE& LDY Tz AHHoZ JgS v
W&o o} simulator®l ©| parametero]l W@ AlME TFAIHA T £ simulators
S 948 parameter?] ®3HLD T2, YAFE F, Hololx AF F)ol
e F4 Aejdl A LD o8 Fa4 9 §54& 78 & 4, LD Ax
WY Zo] 2 GFS FE Mo A 2t diF ARE FE F doAA s

% LDol st of 2 711 S¥e ¥ 4 Aok



A 4-2 A LDY F3%5 $¢

Jint

d

simulation® ¥3A 9 3FA =°3tHd intrinsic &4, ] H2
249 ANLD 7o ¥z A v F e WHE)S LD +F WFS
ste] gk LD F3F &8 54E €€ F Add. AU EI vE o
LD & 5A4e] ¥ate 7t 49 o

4-2-1 A% ol 5 Wsd e Figs T 54

a9 4-194 g deEeHe 2HA 7T 2F o)59 HWle wWE LD9
Fi4 7 5A4E HUT AF o5& FUHMALE A4S ¢ d8FH dA§
o FA Fo457t AA 3dB W Ee) Friste AL € 5 o dubHe=
FA Fagzt FAsA HE 2 AFe FUheld W FRFolA peak R
&3t o2 18 3dB WG Fe] auA AAA &Au, AF o5 F¢
2 Axel & 9L FA ¥ FA Fogolwt g Folx 3dB NI F
T Z7bste AE B 4 ok old Az [4IBI6INA clgHer MAY A

¥ vjmzd Ed, 1 Fgo] dAlEe AL B F Utk Active layer2

—_

compressive straing 7t# 4A$E FZE AIREH 3-1-1914 AFHAKo]
AEY A FFL £9 valence band? density of stateg 9 F U A
% ol59 =Yg AAY + Y. w2A active layert compressive strain©]
7HAF YA EE ALEEE Ao ¥ AF ol5H 2 3dB W ZFES A
Felsds AE 4 F Yo

e



10

Response (dB)

Frequency (GHz)

a3 41 RS 0I5 Wl WE LD Fi4 SY SY



4-2-2 vloloj = AF{F W g Fi4 TH

i

3

BN

a9 4-2004 LDe) A3 ¥xel 4% Tt wololx HAF B LD
Zue g9 S4E AWy wolojs WRE AA T4E B Bt

N

A 3dB g ZEo] AXNE AL ¢ & Atk 2y vlelo]x AFIE YF A
A I 4 AsE dstA AR 232 3dB A Fe] F= AL & F U2

)

e

§ A an7t AXA 2 weby HE G wlo]o 2 THEFolor &
4 gl o2 Axe [Bl6lAA ojl2H oz AT ZF, [26]04 AAE
g 237, 26194 57132 Rdg o|&F AgdH)d A} vn3 £ o, 1
Ago] dxdte AL B F Aok FASE LDAA F9 sigdo] D= W3
o g Po|5e Wite Yty oz Y 4-37 o] 2x XEH & 23 FA
ez B8 & ok A7 AT o5& Ao dx7t ¥F o Fo]So
Bale dog YA AT Aol YxAAMY o] FAH FAY 7] &7
A% o159 AFEY. 27 4-304 BE L5 ARl Aol L7t FHE
of W} JTHAA G MY 7Er(AF IS5 HH #ade RE & F
gk B AlBH A A wpolojx AFTE WMIHAI| L tE B2E DHAMA
=d, A2t volojx AFE A FHAIIA HE FA AP 2xEE 2
A F718tA Ha, gl H AFF AFH go] seje] T=7t A FIHsHA HA
LD #%F ol5& AA FHolAA ot mtA utelo|A WFE ZA F7HA7
A S Fa e A Frste b ZAH As: AA AAZ, aF
O EX FolA A oM HAZE 1Y 4-2 Bt t ZA 2434 2 Held.

.l
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Response (dB)

0 10 20 30 40 50

Frequency (GHz)

02| 4-2. Hio|o{A FHFo| wste| e LDo| Fujs 8€ Y



Gain (1/ cm)

v

Carrier density (1/ cm)

a8 4-3. 7H2(of e Hjol CHE el oIS W
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4-2-3 LD cavity Zo] ¥3lo & Fu+ & 54

39 4-4% LDOIA cavity Hol9] ¥sld o & LD F35 §7 §4& 4
HE %k LDY cavity Zol& FA 45 LDY 3dB ddEo] AAEe

2 F Atk 3-1-39 dEAM & F ARol cavity ZolE FA d-E FAd
gbAl &4o) AR A Ho| cavity WolAd Bate] 4w AJ7to] ZFojE°] 3dB U
HEZo| FrtatA "ok AHMZ cavity Hol7t HEA HWE Fze] Ao
E A A86dA 2 F UKl LMNA Feol5Ex WHEA o dIdFASTE
LDy <o) ¢A$+Eg 71 LD ZF¢, 2¥ 4-59M4 &5 3%l Cavity
2ol S A W uiAl £2o] A SAMA FolEo] AXA Hel WA
AF7E F718HA | 23xoz A (INdA 2L dojox A{FE 71Ee2
8 o 32 dro ZA= Qs 3dB g ZF L 4 Ao FHHRE ddEA
2 LDY &2 9 FALEL 717 LD A$ cavity® Zolg Eo1A H
H oFA YA #FA2 A 3dB dgF Friek 2AAA AFe Frt2
A% 3dB HHE a7 A Hed, F 84 F & 849 o 3dB dg%
o] Z4A¥TE AR, FEFE A2 FHA #FCAA HHY cavity 2o
€ AA#or Ik A B 59 FAFEL HF LDY FS, LIARA
Fol5L A (18)dA 37tE AFY F712 U3 WAl SHRYE LD WH
Aol oA AAHzZZ 39 4-5(b)%F 2] cavity Zoldl Fa3A dAHT
@& FAEA 8ok @ gL 5o FALES IR LD F$, cavity 2
o] ZA ¥+E 3dB tIES SN 4 A o1 AAE [6](26]e1M
AA G APA, [26]0M ArME F7132 RdDE o] &F AlEHH HAis
viws] B o, 2 Aol X3 A& B £ Ark wEbA B 59 4§z

mlo

b

|

- 5) -



22 7}z LDY A Sdle Aol 75d ¥ LD cavity AolE A
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ABSTRACT

MQW Laser Diode Dynamics
Analysis Using Novel Rate

Equations

Han Sang Lee
Dept. of Electronic Eng.
The Graduate School

Yonsei University

In this thesis, new rate equations have been proposed for analyzing
characteristics of MQW laser diode, which is a core element of an optical
transmission system, by using conceptions of ‘average carrier density in
each well’, "average carrier transport time’, and 'average carrier thermionic
emission time’.

We have performed simulations based on the proposed rate equations and

observed that bias current, differential gain, cavity length, and average
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transport time have effects on the direct modulation speed of laser diode
under various conditions.
From these simulation results, it is shown that average carrier transport
time has the largest influence on the direct modulation speed of laser diode.
In addition, we have observed that barrier and SCH structure have effects
on average carrier transport time and carner collection efficiency.

The proposed rate equations of MQW LD can be a considerable
contribution to the design of the optimum MQW LD structure for high
speed direct modulation.

Key words @ MQW, laser diode, modulation response, carrier transport
time, rate equation, carrier collection efficiency, direct

modulation
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