CmsB B1M ¥ 5 K ¥ W Vol.8, No. 1

1987 %£ 1 B CHINESE JOURNAL OF SEMICONDU CTORS Jan., 1987

FEXIFRIE S GaAlAs/GaAs TRE]
EXERHILTEH R ERE

#AF LET RER RER BRY

(PERFE BB ETIRR)

= K B
(P 38 LA EIRE)
1985 4 11 F 19 5

AR TREILELE B ENKRET Gaalas/Gaas i RICEH AN, TR T
FERESRESLEXEORYDIENARREEREMNSEHBEZAMNXR, 2R T
ARRBEOWABHEIATEZ S AHER, HHSELRERBFEF, BLEENER, &
100mAREARBRTRESTHER FOEXE_RE, HRERFORNHTIE>60 W (B R
3K 220 pW), 3 dB #g#R1ESE 1. 2> 60 MHz (B4 100 MHz), R = RECEMGMEMBREM
ERA SRR BN EHE B,

-, 7l

EARFBERGEOER, BABEERFZRTRAEFORL, ERFEFaTRA
fiEHmAK LED, X RGER)ERER S, 55 EH, Rk PRHEEEED, LED
KB Z RN AL B R R R BT 20~100 Mb/S By SRR T E B RHABH
HAY, 71983 ERMBUE TRAARUBESE R 30um ZREMABREED. AT
3t LED MG W, AXRELRIRT, IMEARMBENTEZHENET RXK
iz

(11113

RRXABEERENRAEBENEEER: XY RBRCEHRBZERR) GEFHF EH
REBEANHFER MR RET . BEFET, RETESFGR. XEXRSHOHR
5 LED g THRE X R, B SOMEM B N BE M RS TEX a0 /MNB TSR
%, AEHEMEY LED fSMBLIAK GaAlAs/GaAs REBEMEEIEM. RO
SR HYER GaAlAs/GaAs SRNAIEHE, BRIER LML WFFIER RIS R a8 69

A% S, BRLF 4 = % (d: BWERER, d: BRZERE) HREN. ERE 4, TR

EAEMBK, NTIFFR T BR-TRX A DERE SR AW, BN eERs
AWRE., BHETRHEAGRER R, FIT T LED AR REHFEURARFE
T Ou a4 e i B, RIS S LT USSR



'3 EAFEG: IEAHRHE® CasAlAs/GaAs BRIMH K HE M0 LIS M B o 77

—. LED W& fuit H &y X o

1. fEpER
LED Zi#/rnEE LA 1,7E n-GaAs fE LRKREK 0-Ga, Al As [REIE, 0-Ga,.,
AI,AS a%%: P'Ga:—zA1.A5 ;ﬁﬁ E)

rTTewe| p-Ga,_. Al As [R&IE f1 n-GaAs [ 1R
AN GIRRE. SRR SHRZE R
Pl de R
7 / 2. ARG
v/ 1 LA, RATHFHIRY LED RE 2

ANEER R SR, A 2 FioR, LR
n-GaAs

Iop S et [ C;p'AIxGﬂl—xh 1}
ds - : e AR Wm -

d e — 1‘—-———--—‘ n-mﬂl—’m ] x ——-6_'
n-AlGa,-cAs B I_g, \ .
n-GaAs (MY .
on’

A1 LED#Hr%E B2 LEDmY{EmEz
WA ARIB AR, ARBEEY 6 - ;?, (N
Hth P, =P, + Py, (2)

RAP.: H—WERERFHOXTIR P: FREAPENZIIR: Pr. P SFIRE A,
BRAMNKHTI=,

EERXATM—AXNESNELMAEN, EXEXSSRMEKREHAETx
A P(r,y,2), PRGCEEE. IR, P; = d,SLP, (3)
BIAISCER [4], ZRAEN BRI SER, MUBRERIE:

p, =D EH;‘MS X i— X w(rs)[(1 — e“‘"’)(l-—R,)/(l—R§e""=")]}

0 4n

+ j: dg sin 0d0 x L x u(73)[ (e~ 4L —24sL)

] 4w 3
X R(1—R)/(1—=Rie™ )]}, (4)
R D o= 2d,SP, a =0, bm=mx— 6P, EHERLERNME D= 2d.5P, a = 62, b = 9P,
B3 Ry As u(ry) FBIBER R, AR w, BIAPRER, XKEH 4, =5 5

- 3
cos @ sin 6

R R, =, o WEREREEAR. T 4= —2% ¢ 5% 240,/

sin 0 sin ¢ sinfl cos
lu £y 2da|t‘me|ﬂr, I, == Z‘iatanez + 2d;ltan@| ﬁﬁ R, == (lel + dsR\)f(d: + d|) , Ry==

)“go 059 - ﬁn_'(”/”a)’ 9;” — sm_l(”l/ﬂs)-




78 ¥ 8 & % M E 3

XERE—EZHAE Y. G,Y 6.<7, B, u(ry) =1, ¥4 6;> 7, i, u(ry)=
0, iff 6; = siné - (’\/ﬂz - ﬂzfﬂo) Uy = [da"(?':) -+ ds“(”a)][(dz + d!)s _*j' 9;> 7, Hs
w(7:) =0, 6, <7, B u(r;) =1, i ;= ny/n, - sin0y/n} — ni/n,, BRIER (4), K
i Guusian £ WRABFRT S WA AHE—E BB 7, FERGRERA o 19
.
3. MARK,ABAYE
AT LED thilli s MAUFR HIFE RS, # Yonezy™ HAFARNF#%, WA
AR 1, H AT R TR AR B 1, R AE SR RARNE S FENE L 2R (R
1) Bl
I, =14 21, (5)
XE I, w=],-SL, Iy= ], - IL

Aeh 1 bR FHEARHE, &= (82 2 ) mamy

I, = JSL + 2J} (M)*
¥ § '3 & R

R« 297K SP-J5 1o Ao 8 2 L PR, e 35 5 s L BR 61l /= o PEL SR S5 R BE 1500 5000 @,
AREABKESTANEARR FRESHFHTRARED:

n(x) = GL! — GL} (lu -i'L_) exp (— 21') cosh( Z-)

L, (6)

0< Ix s%: (7-3)
x
1
= s ) (Y L ()
1
"(1, iL) e (— 2;_)] P (_ - Lf : )
-;‘!—:é |z < o0 ' (7-b)

ﬁ[p G = rc/qoud.u q j@@-%@.;ﬁjs Dl X‘J@.%Vﬁﬁﬁ, dl %‘Fﬁ'ﬁﬁgﬁ, Lu %JEE:%
FHOR B, B 6], MRNED MERBTREN:

B(x) = kn(x)[n(2) — ns], (8)
X . AFRBEDHRHBETRE, R AR, B— ﬁ:ﬂ‘]fﬂ]f‘]ﬁﬁﬁ?’ﬁi@
B(z') ”(x)[ﬂ(’) — e ] (9)

B(0)  n(0)[#(0) — ma]’
X+ B(0) X‘J‘r = 0 B, BN I L RO (R, RIS BB Dy = 30cm?/s, L, = 3pm,
dy=0.3um, WA (7-2) HB—ZER ¢ WIEARK L T n(0), A, % B(x)=

L 50 BB (9) B3 n(x), IR (7-b) FARETS x., TLBELE Wi=1x,



1 8 79

EAEE: ENHWS GaAlas/GaAs Gy RNE M /LITEH R

ALERGTERTRB—ERE s THOL EWLHXRUE « WRHARS I, ~ wy

=, ERPIHEERWITR

BAXSEEBEARESHE 50 pm ERAMMAFEIRELST, FLUBER/INIRF
LS RDLRBES A A XS . RO ABRMNER SIERT ARKE(10—30 um)
R—ApRABRSBENE, KRB TER.

L ak-shE (I-P) X%

ME—RERIMMERBAANELE, ARESMNOB[HBEEABRRKYEL. HET
BT RN REHTH—K. WE 3 FR. TR, B— LR H oh KEE & T AME KT
Mn., XROATEARRFEENOELMEM, REERTESEENER. HRE >20um,
I1-P MR FTRIGR (PR, X s = 15 um B, AR TREST) R BN, 4=
10 um B}, XFEHE/BEXNRE. BENELEEADMAVIENE & % Bk K0 K M
j!m[?].

-2

20(! :, S-‘—*]O;em 10 8 i

/' 27s=80
% L
I
B 15:m 4F
3 ™
% 100} o
T 20pm ( 2rs=40
] / Zum i
] | 110~ 1 I ! ! ! I
0 100 200 0 20 40 60 80
EMEM¥ I (mA) de

B3 P SERREMAXR

He —gr, Td 3te HER

Low= 150pm oyl »=0,15 S == 20um @,L =3 4 = 0.3um

2. HSMY LED RRBBENBS
RAR (4), RITEAEHBTHRA 7, F de = —j— % LED T {EEKE e BB,

BRIATE4, AETR, 4 BEMED 10, Yd /T 108, e ffi de FIE/NBEIT BE;
% de KT 10 B, o BAFRAZE, R de PHURBTAREN 6. WEB~ETR, &
Rdh BB R B S B R R B, 3% BEE S T 2 4 R o R R 25 4 2 K e PEL A 3
ERNXBEGEEESHREREZLLY 10 EARMEE. B (4) ABTLHRHEBK
LAOFHEEEK 4 5LED tERKX e PN, RTES. hETL, BEELH#EM,
8 AW T, XREX o —EfE LBMAVAR, ( oy L ZHARKI €K, 4 L /K, B
BREHREFF, AEFOEEREE, MBS ETN, e AHEAEFREZEEE b 92520



80 ¥ 8 & % # L

. XM (1) AE XELTUREL,RY P, 5P, 1 4 FIHEY,BLle. 54, EX,

REd AR, SRERELIFBNERZEEH AT, BAKRK I, 7] SBWR MR,
WHEEME DS EMEE TZHRE, —Rti

2 P os B =03um, dp~ 10 BHAE,

' l 3. FmssiE

LED fy$imi =] &R 4™

102}~
_ . - P(w) - 1
‘ R(Iﬂ) P(m — []) (1 + (0’1’3)*. (10)

&
i

%%m$%§ﬁﬁﬁﬁ—¥,wPWV-%Px

‘ (w = 0) B3t 3dB LED T, RIVE ox=
NEYa) (11)
BER TR, GO BEBRRT 5oy R iF RO Mt
208 | . RERXBER, ELERR T, REFAREREK
100 L 0 NHAERERCERBRNEARRTEE, B
BHAasE. REAFRNLESGHRY LED

B3 BREARRNEN e, HEW WA 5 ABIEEWR,. 7 100 mA, LED gk
ﬁ$ f. == 60—100MHz (¥ F 100—170 MHz G4 %E).
4. EIHFTIHER

BNARAEFEML/IAEMEERY WMTARKE LED g8, RIAEHEFAT
20 mA RHEHEBEAKEL, mE6 iR, ERFTTELEIAMEREEA 0,)Y
X 120°, MEBETHFEHRIBETNRFEERNBIHESHBOCRRORBA (61) 4
60~90°, PHELFAEMAR BAUARENEYE., HIRNTEREE 10 sm TEAERSE
B, HYELHEM S0 mA HNZE 200 mA B, HAEKA 6, 0L BRI 10°, XFTHEEHN
/e LHRRIEA.

5 WMAEWE (n.)

LED fIRH N4 = 0.2, &84 50 pm SEHRROBEXARBSH=ZEMZE X
KB, BEFRTEM 25um B/NE 10pm, 0 M 9.7 % BEEIME 13% ,7 100 mA §1 200mA,
10 pm %W LED B A B RENLE K, XulfEHETA % LED R BANMER. HH &
ZHRE,7E 100 mA BE ANARNETIER P 4 60 uW ~ 200 uW, BEIE 220 uW,

6. /X SHURABEEKANLE W, HES

BAR (7)—(9), FIiFMHEARY L3 wioEm, 4RATE?, HESERS
RIMNALAMETABBUMOIRER+28%F. HETR, I, KT 10mA BEZE 100—
200 mA (KRN AEE), B ARNERRRBEN, HFAEXNEROMDT MM, X8
BARIE—BEARRT, LEREN W OEMAETREG. B8AHT—EEASR
WTF,B— g wWy/S ESHXR. RED,YRES <15 um i, ESRNXFATELREI
HRE.EXHREEFE. HELRBEREFERARRY. S0, £ 20umn &£
EAE, FEETL,EAERBR, B—AR w/SEERNMIS TRET 1, R



1 3 HAEF: TENIPS CaAlAs/GaAs Hrlh ZIEEAI/LAER R 81

5
E
‘\__‘
D 1 i 1
% 10 100 10 100 200
¥ (mA) I(mA)
B 6 E¥wShitrki B7 ZEABRHLN W, 0ER
—i RN —it N
® S5 = 10pm ® S = 10pgm
A 5= 15um A S=15um |
© § = 20um i O 8 =20um } u
0 5 =25um I 0 S=25pm

11

Win/s

0.9 -
10 15 20 28

Sl
W8 H—ft WilS SEENET
RMREI T ERBRARRE T, AR BEAORE., XNB/NSFHXHR . EEXTEBEH%
B A &0,

W, HFELERELED Gl oy b A

MIE ERTTIS, RAITAIEN LED JLAGHNRELESEH ST LERRLY GiAlas)
GaAs RERNEE , REBERREWN:

EF B HE I; = 100mA, EFERE V, < 1.7V,

MR {E P 2o = 820~860nm, FHilEFE AL < 40nm,

BARE P = 60—200aW, L% f. = 60—100MHz,

iR &4y (FME)>10h, HZ RS E(ES) 60%.
SO B 1-P RYEIF, A th 4 HE 07, B BERPE R, /N B 57, X LED gy



82 ¥ 5 &K % #® 88 .

i, 2—40°CE+SSCRIFBER=ZR(ZBEEARKT 3 480, &£ SSCTREZMLLL.
ERERERNRE), MERATRARE, $6
T—#Hr, ekmeE, BE5 . —&. I8, EX:
— AR RIS R, FIARMNPISIAY ELED ZEHA
XA BFERAPRARE EHTTEREER
BENIGAR, ER~7 A AE, RBTH®
Z %, ELED ERADXFRET—E B | &, .
BIEER, TiRE. REEKRREE—47 dBm
(BERS107"), E#Er 8dB, &9 LED £&
ARENEWHRHIRE, ZRAXHBEHIBE
ERBEAABEERENECR, REBRAHER
#HE. X# LED B AT ik A% (PFM)
B RXA ER AL, % LED MmERE, H
Y ERE., Bk, ELED A al#EBe i
ENMEEEXARENRAR, XTEREERS
A MEE S IR B Z AR .

B9 %6k BN REEBARIIRA

. 0% #

BT RN ER LTS, 0 & M RER R M, TR L RAE R T AR, @
MHELGUSHAER, TEH BB HRRN LED, HT4K5E%, Xih LED R
R0, BRER ELBEL /N, TE [ PR AR, E R B SR o, W DD R K, D - g (P-1) REEEH
R &F, MBI ER, HE K, EHE BT ERRBUN, R BB KBEEEEER/N, BEARK
MUER-BES . REAESGK. EHTERERFERASZ, LakRERUER

=2 B AL Lol BL 1] T adlt gbr i O Al b s
ARG, R, EXGEERE, T RBUESERNES T ELE T SMBMNE.

AXR TSR LRERERET BB OBAE, BEHURTEFESAEN I
AR BD, % L BN,

$# %5 I w

{11 D. Botez and M. Eutenbery, IEEE Trans, Eleciron Devices, ED-26, 1230(1979).

f21 Y. X. Pang, H. Z, Pan, Z. Q. Cheng, P. N. Shen, G. Q. Wu and Z. Y. Xiao, IEEE Trans, Electron Devices,
ED-30, 348(1983).

f31 Y. Horikoshi, Y. Takanashi and G. Iwane, Jpn. J. of Appl. Phys., 1B, 485(1976).

{41 Y. Scki, Jpm. J. of Appl. Phys., 18, 327(1976).

[51 H. Yonezu, I. Sukuma, K. Kobagashi, T. Kamajima, M. Vano, and Y. Nannichi, Jpn. J. of Appl. Phys.,
12, 1585(1973).

T61 J. A Borsuk, JEEE Trans. Eleciron Devices, ED-30, 296(1983).

[7] B%%, BB, XEH, RITH., T, REA, <RES5B75», 6, 1(1985),

f81 H. Kressel and J. K. Butler, Semiconductor Lasers and Heterojunction LED’s, 488, Mew York, Academic
Press (1977).

[ 9] He Liang Chang, Wu Guanqun, Shes Pengnian aad Xiao Zongyao, J. Chimg Inttituze of Communications,
B, 88(1982).



14 EARS: MBS GaAlAs/GaAs brifih S LE (0 LITL K R ¥ A 83

Stripe Geometry and Performance of High Speed GaAlAs/GaAs
Edge-Emitting LED with Asymmetrical Waveguide

Pang Yongxiu, Wang Dening, Gong Liangen, Wu Guanqun, Pan Huizhen

(Shanghai Institute of Meiallurgy, Academia Simica)

and Wu Chenzhen

(Shanghai Telecommunication Equipmens Faciory, Postal and Telccommunicution Minissry)

Abstract

The effect of stripe geometry on the performances of high speed GaAlAs/GaAs edge-
emitting LED with asymmetrical waveguide is described. By calculating the efficiency &. of
the light extraction and of the light output power from the LED, we have discussed the recla-
tionships concerning the structure parameters of “5-layer-structure” LED with asymmetrical wa-
veguide. We have also calculated lateral current spreading and optical field distribution of
the LED under different stripe widths. The results calculated are in good agreement with
those of our experiments. By reasonable option, edge-emitting LEDs with good performances
are obtained at a driving current of 100mA. The output power at the end of a fiber pigtail
(core diameter of fiber =50 pum and mumerical aperture Na=0.2) is 60—200 pW (max. 220
uW) and the cut-frequency greater than 60 MHz (3dB) (max. 100 MHz). The LED’s are
good source devices for optical fiber communication system with data rate of 34Mb/s and for
high speed analog transmitting system.





