®12% B4y AIANSZERBEER Vol. 12, No. 4

1993 % 8 H J. Infrared Millim. Waves August, 1993

e ———pee e ——

EREEHHERINGEN R FEETX
KB HIRR R — MR A =
AEE AER

(EEZBEAEATER SIS NS, B, BE, 710049)

BE: MV TL2EBEMEBHEANAFEAFXREARAFRNTHEEE, £
BTRGHEESH, ANEATIERTTEHFEE SHRITHE Aneg
AMzY, X% DIFET B3R LBHEETAH.

X@iR: ERAF B OLER RASS

51

it

YEFF R IR B BB B ERARMNEA T HFF RN BHHAREEREPE
LiNbOsltl, InGaAs/InPR i1 AlGaAs/GaAsPl&MW — VgL &4k SR L. XRE
AW — VigL 9L SR T SIfE R A TI/K (Pockels) 80V i) B i 51l 4345

WREH, BRENEEREEMER B TREME, ERERAWTRRY, B
MATHEEFAEEMN. R.A. Soref% \ £ 8 S RN ERUTHHBIR TEDE RS, I
VR TGRSR, ERENBREERR TELEES 2EEE PN R B EH S
1 2x2 BYEFE. ASCRE T —FEER A S BEWHER SOEA B AT R R AT
- -

1 BWAEHR M4 R

i PN 48 (TRER) Br842RERRs LAk “REam (LA 1). Hat
BEE PR —FES PN 4IER, B0 FEARS S, BRAKEAUSRRR THRE, A
TR R FIITH #; B—FRME PN £RERET RS TR T, NSt
. BERWIAHSHETIARN, ESHRRE. D TRdFamRel T AR R
PAHRERE, TWEABERAEA. FREAR SRR R RS, HERE
ERESTARENERBMRE Ny, TRK Ny EHESTCERREEN. A5 &%

A3 1991 4£ 9 A 2 HER, BEchy 1993 4 5 B 13 HH!.




294 a5 E Kk E R O 12 %

FRAENITRAF TERESH AL SEREWHRRE; BE Ny 85, ERIWEMA
W&RGT, BREMNTEERE, BERFMHAMRTED, ELRRETREHEFERER
AR M AMHERIDUE AR (SAREE) BGTERS4rTREASERCTa IR &, HRR
HREEREANRR FREMESEBRKE Ny HRE. EIERR. EAMKEE
g, XHERENESREFRMEEANGSS _RERM AR M RETE
HHER RAEHEMZEER SEHRENFRS.

zx g;
3457 )
N+
S
B 1 P-N ZREIFENIFX B 2 SEABNY
Fig. 1 P-N junction guided—wave Fig. 2 Dual-injection effect

silicon electro—optical switch

2 TENBE

BN RAE SRR B R 2 AL R R A A A TR, ELOHIRAE A ER T
KB SR PSR ER (A 2). AXFRRENER TR E L TR
RFRERAERT (FEN) EAWRR TREABEE. A ERAEWRE S
R E GBS E BRI RS, FTETENEL Anes KBTPIFERM TEXREARREY
B, R, 7EBARER B /MRS TR BRI I R AR L

ATRIRG, EANBRTRETKTARBRARE, I N RARIRFETS
ERWEEMAESE, B N(z)=P(z). ERERST, WEERNEE N HBESX, PT
FER XA Nt AREHE SR ERANKROE SR Z%. X, EMELEE
B N B EAHEARE. %E 2 f2E BREEN

+d
J= / gRdz, (1)
—d

£ (1) ¥EEE R=N(z)/1,, d A NBBEFRLEE, SRESFH 7. FTEHIEAFG®
Tpo + Tro» ESBMEETLE. HTERKEAMEANBRRE FRERTARRARKE, B
WA

J =2gNd/1,, (2)




a4l XU SRR A B S 8 T4 R S8 — R TR 205
K (2) F N HNAHBSREHRFFHRE. £ N AESXPREERESEFR YO
!N N _
dz? T 12

ﬁ (3) *ﬂ*ﬁ#ﬁﬁﬁ La.= V DaTa ’ -Da. j’ﬂﬂ*&ffﬁ%ﬁ
EREAZGT, FHEARG=E0EBRN, WITEREEN
FENT —i:

0, (3)

- dN

5 (4) Ml £ P —u:

dP
J = JP(—d) = —2QDPE

)
z=—d

B PR, TREEWNTRES AR

_ Tod [ch(:c/La) _BSh(IE/La)]
2L, Lsh(d/L,) ~ ch(d/L,))’
1

R (6) h B=LN " Hr  gppeme BN _3 g,
ou‘N+“p Hp 2

B 3 BRTHEARKTRENHMAHL, BFdT
FIZE W BEFE PH-N #1 N-N* WG 0 58, B/MER
B, XRHTRFASEBERRMIER. {

Na

|
B KA T TERIET 1K (6) FH = L
I~/

— = 1 gt _ 14 sh(b/L,) S
N“P'%[fwﬂh_zmkmwmr (7) TR

N =

P
.
|
—b ¢ +b+d

LV S

E—RWERT, 7, 7 107°~10%s 2 [H, L, #JL4 -
BJL+A pm 2. YiEHIES s FFE J < 1000 A/cm? ‘
B, BERERSTHIE, KAE =107, [,= B3 REAMTHRRETHE

3 2 e = Fig. 3 Distribution of carriers
10pm, J=10"A/em®, d=8pm, b=2um, A N = in dual-injection effect
P=3.73x108cm™3.

KEAR, BIIRKBEFEERV K

d
h—
Vi= % ’ G -'8-b1)2 . "L - arctan [(1 - B2th2(zd—))%sh(l%)]

1— BZchLi o
}’ (8)

d
2=
1+ Bth I.

d
1— 2=
Bth L.

4+ Bln




296 a5 = X FE iR 12 &

T Si, % d < L A, v;-=%T—(§-)2. FM d=8um, Lo=10um, EEBFTEE

Vire25mV, T RAFEAMBEERERMED, BSHBEFETLE.

3 £EEHHERINGENRS B X F KRR

BT RN TERE S S ELERRE2ME. RS FREETFX XE
e, ETX—E FTHEEMR RS
3.1 FRGHEH _

DIFET st SaME MR IE LI 4, HE. SRAHRmE 4 FAZHAR =K
BIREETLAE T MHF, RAMREEER. B 4(a) REFHELWEFR B 4(b)
RIEERETIN 2x2 BRHEFFRX. EHXXNEHESAN. XXXEERBES
M2 . AT HERERUEZ XXX SE, B mEEs Rk S .

A4 FMERED SRR SR 2x2 BIEFFR
Fig. 4 Silicon guided—wave modulator and 2x2 switch with electro~optical
control produced by an integrated junction-DIFET structure

DIFET ¥Rt Hml il PR o—y FEAHBREELE 2. N ARSMNERER
K A=13pum B, HAFHE n; & 3.505. HJEIFTHE n, BR, EHRERINEEZ
FHERSE; EREN 1.3x10% cm ™2, JiHy 1.3pm B, n,~3.494; XFFER RS
ERZE, R EEHRE EREEBEEREY. FREITOR PT X4
PN n,, B—MEFTHENERE. 0.7pm WEHBMRERE N BE-TRES LS
fedl, BRBHERTREDE. T RHEIER, RITEFGEREN 4um, SMEREEY
2pm, BMEEERN 0.7pm. HEEHAFRITN TR EHEERESE

R TN, FRMRM, XHELEMTE PN 4XERRMRRR, 383
ENTXREZE. B 5 R\TWERXUREF - 208, BRBE y FRELHIER
BIBAR.
3.2 IiptRTLMEBLHS



4 # Xl SREESHHER TUE NS RIET X LR S8 —EH TR 297

meE 5 Bk, RIOBIEFOEK (1), BIWKE Ng=4x10%cm™3, BREN t; SEEE

X (2) HEBF N,=13x10"cm™3, fTXIE (2) ZREFHEME 0.011, Ftsgk
LSRR ERIR (1) . FERRFHEAMER, K (1) POESBEENSTEL, X
B (1) &, B ETMBEER b W SBEPHEEEARR T HIsEm/, Angy
fk, R (la) PEER, HIrHREN Ang -

& 5 IHEGSRFRNEREREZENEFR TSR ERERER
Fig. 5 Schematic diagram of two—gate modulator showing the overlap of the guided-
mode field with the DIFET plasma confined betweer two depletion zones

BE 2 MITAF TR T, y SRR E. SRR TEER—A,
FH o(y)e P2l R AT atRg AR Sny) K3 IREB R B=2mn/\ WHREL. 68
L@ FEm RS g

) +oo oo
aner = 50 = [ aylotPonty) / [ aulew) ©)
K (9) T Aneg BREBITHEMEML, Ko = i—: Ao BITFEH MR, EEGS
1>
& cos(2uy/t), ly| < t/2
Py) = { (10)
cos(u) explw(l —2[y|/t)]; |yl > t/2

X (10) ' v (Konf B33, w %(ﬂzKoznﬁ)%- MTENFARAHEL RTEE v iy
RAMHE: , 1
U=Umax=§Ko(n12c —n?)2 = —(ny—n )5 1.073
ERAFE Ao=1.3 um, t=1.6 pm, ny=3.505, n;=3.494, M AIRIE K cos(1.073) ~

0.477.
FEJEH N 1.3 pum B, M FEMENBRE FEAMBR, HERETL AN f1 AP,
KIRITHRM LN, An THELFR A

An = F6.2 x 1072 AN 1.2 x 1072 AP, (11)

X (11) F (=/+) BN (EA / #7). s (11) % XF AN=4x 106 cm=3 @
BT
Any, = +2.48 x 1075,



298 a4 5 E X FE#

tF AN=N=AP=P=3.73x1018 c;m'3 T2 7O EA X -

12 &

Ang, = —6.8 x 1073,
3.3 AEEREESH

VEFERE h M3 HI TTE A SR R R X R B O R 3E B, Bk PN £5RRR
7, JF Ng=4x10¥%cm=2 f1 N,=1.3x10%cm™3 (WE 2), HEBEN

kT

NaN,
Vp = g

7 In N =092V,

Kb N; RAERETRE, HBEYEH, BRERE:

2e0e.Vp 7 1 14\]z
Wy = [ q (m‘ + M)] ~ 0.17um.

THEITE AR E nee WAL (LE 5), SEWERE b HEDER KR
#, MFEEHRE FMER—BRL), BEREEEAEY '

Voyat
vy = ()7 (12)
Je bt L i SON e SRR M BT | MR e I, Jad e el IRy -

o= (2" ()

20,

(13)
RAVELE Ny=No—Py=4x10%cm™3, t=1.6 um, HETEE V,=19V. HE 5 WH:
§=§—w=§[1 - (%)” |, RER (9), BHERMORERS Y

P

—h/2 —h/2

Angy / dy cos?(2uy/t) + 24n,, / dy cos?(2uy/t)
88 _ h/2 —t/2
Ky

—i2 ’
/ dy cos?(2uy/t) :
1/2

B EXRBD G, BREIEBITHENRLS
68

Aneﬂ-' = =

% {(Aﬂlb _ Anla)g [1‘+ %Z/—t)] /[1 + __SiI;(ju)] + An]a} , (14)

& 6 & n, =3.505, n, =3.494, L =650 pm, d,=2.0 ym, T =1.6 pm, A=1.3 ym
B X PRFER AL neg 5IH—LHE V,/V, BIEHZR.

4 %t

=H

A 8 TAERS, AR R E RN BBREMRSHE 6V, =V, — V; ZHZEk, XHT|
B FFHHERITHEBMR bneg = Aneg—Anyg, FERICHALARR Ad=276neg/Mo.



4 3 XURE : SREATHHE G DE A S LT X R A H S0 —FF R 299

AT B A el Ry 10% AR 90%, RATAE 6 °f I, X-FxFr#E /R DIFET,

Sneg=5.8x10"3 . .

AT Ve 5 T DU R A% ) TR o 53
BRI, EERTRER X402 3 B3 i i H 2
EMS RSN MEREMEEDT:
fhaintE] 7, A

Ts = w/IJ'Ed; (15)

Reb By WEREFHR. p RARTIBE, w

1075

RERBEE. BE w=2x105%m, pu= p, = 0 o4 o8 1z

950 cm2/V-S, Eg=10°V/cm, R{1BF] 7,=2.1x (AL

1073 {E {88 A4 b FHA T BR A R B 52 8 (A ] 6 SURER (I SEAEYT AR A
¥ RC fRRE. SMEFRTHEMER, C REWE Fig. 6 Distribution of guided—mode

effective refractive index of

PN Zi%, FH C =eoer A/W, e, =118, w= dual-gate devices
0.2 um, MER A=4x650um?, 4 C=1.36PF,

EREEBRBER R=50Q, XAEHEBHFETREER 1/2rRC~2.34GHz, XA H 5

RN LR Th 3 (MHEZhER) R/, Jei SHEHIR#EL Y 5dB/cml.

SE K

Haga H. et al. IEEE J. Quantum Electron., 1986:QE—22:902~906

Mikami O, Nakagome H. Opt. Quantum Electron., 1985;17:449

Hsu TY et al. Electron. Lett., 1988;24:603~605

Soref RA et al. IEEE J. Quanium Electron., 1987;QE—33:123~129

Lampert M A, Mark P. .Current Injection in Solids, New York: Academic, 1970
FHRUE XOEKRA4HE, L BF¥EHHRE, 1983, p.90

Adams MJ et al. Appl. Phys. Lett., 1986;48(13):820~822

Alping A, Wu XS, Hansken R, Colden L A. Appl. Phys. Lett., 1986;48:1243
Hall DG. Computer, 1987;20(12):25~32

O 00 ~1 O o Wb W B =



300 a5 5 2 k% H# 12 %

- A NEW METHOD FOR ALL-SILICON DOUBLE-INJECTION
GUIDED-WAVE ELECTROOPTIC SWITCH AND
MODULATOR WITH JUNCTION GATE CONTROL

Liu ZHIMIN, Liu ENKE

(Institute of Artificial Intelligence and Robot, Xi’an Jiao Tong University,
Xi’an, Shaanzi 710049, China)

Abstract: A new double-injection all-silicon junction field—effect transistor structure
is proposed and analyzed as a guided—wave electro—optical modulator and 2x2 electro—
optical switch for infrared region. Their operating principles are analyzed, some pa-
rameters are given, and the frequency bandwidth is estimated digitally. Estimation of
the change An.g in effective mode index shows that the DIFET device is viable.

Key words: integrated optics, silicon, optical waveguide, electro—optical devices.



