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Abstract; In order to study the silicon based semiconductor’s electro-optic-thermal muti-field cou-
pling characteristics and electric modulation problems, both the Poisson equation and the carrier
continuity equation were introduced to calculate the carrier concentration distribution in the carrier
transport procession. Drude Lorentz relation and K-K relation were also employed to discuss the
effect of the carrier concentration on the refractive index and absorption coefficient. The heat deposi-
ted items were obtained by calculating electromagnetic dissipation. The coupled semiconductor basic
equation, electromagnetic wave equation and energy equation were solved by using finite element
method. With the effect of external voltage, initial concentration of carrier and heat transfer coeffi-
cient, the change of dielectric properties, optical transmission behavior of silicon based semiconduc-
tor were also analyzed by coupling solution and analysis. The results show that the reflective optical
field mode of the semiconductor P area increases with the increasing of the applied voltage, and de-
creases with the increasing of the heat transfer coefficient. Using this mechanism, a scheme of elec-

tric thermal modulation for the space distribution of the reflection intensity was presented.

Key words: silicone semiconductor; carrier concentration; thermo-optic effect; electro-optic effect; electro-

thermal modulator

Fm A 2015-10-08; f&iTHHA: 2015-11-12
HEEWMB: BERARPEE4E (51176039 ,51576054) ¥t B3 H



64 Y3 S

¥R

537 %

1 3]

o G T AR DB B A R s /R
FH#s A OCHE 43 5 e LR e dieds DT C
AR AE R ZN A BTRERA S %
A A B R S 1 AR B 2B ML
TRABERAE (LiNDO, ) Ji Ay il 1 H 56 2 2 1) 5 2244
Fho BABFSEIED, 5L R 506 o AL R
—ANEBER R ML C B R AL
() — 7 2B Bl A X LK 2 1 A% i FIORS 1
TSR AR B , L RE T R YGRS P RO
JERSEIRA H 25 2 B E AL, Sk (1] R i,
R ETF6 CLREITHIRASME N 1.1 x 107 5%
AL E 2 A] DL S B TR B R A Ak
R L

FLYE 1990 45, Oheda SLAIFSY T 45 2% 3F bl ik
W R R T AR 37 B R A S B St i i PR
TFHIBAS . 2007 4F, Liu & 8 T —F LT 4
FH AR T 55 8 T PARE HICRIONE i VE 114 i ok R s RS
A REHOE IR 5 . 2012 4F, Rao™ JBI/R T VLA
FEARZ 190 C AR PFE S AL AR S hk i T PRt
BRI MR E A Bt — o B G ik
B —H 8 RIS IR T — &
FISEREBFE , WF] T 2 T B i v Bk e o
7, FEIIE FAIE B T 33 Rk 52 B F S0 O
AT IE . RSFET BESE T RN 13 S 1
BRI . AR RERT R A% R DGR
A AN TRD 9 D A A e 0 o, 35 ) o7 e, 38
TAEARERERE v 53 BRI B OGO L TR AL
O S B T BOORE ROk S B A S 1 5
Bk, UESE T 3k P F Ak R R A S A
UL 2013 4, Gao 25 i3l T — > GHz 11
SR PR & A D 5 o 38 270t R 1 ' 1) 12 0 9 1
T, 4G BT B R AR R AT & 5 2 Fh 2
PRI B RE T T T4 AE & Mo Al 7
LA, Chmielak ™ PEANRTSE T 6L B BRAL 1V A8
2 4 107 A8 e T PR 4 SR S A A A FIAZS S — B
FeF ARG L RN . 2014 4F Noborisaka 25
WFSE T B A 4 S AR S R —
WA A%/ (B4 oG R v i ) AR A5 R A
BT E H AN MOS (CMOS) -3 45 i 6 2% 1 Al
PO TR A B T IR R

DA BFFE 204 H e B OGRS AS B AR A0 %

nn\l

JEHL AL E 1 3L TR A, JEHE X R i 3
PEHIR fOEIE T G HIL A SO SO R o e />
FET IS, Xof T U Aa) ) T FL 6 2000 oA 3 2 B0k
ROSAILA 5 3% B RIE A 08 R WLV R i Xk
RO BT T R R 2 R A ]
HL , Tt A B T 75 25 R JEE A0 N F) 28 %
GRS BRI 55 S Al BE MR SR L SO B
ARPEWSH . BT I, AIOFE T ROt
ST, B DR A 1R R i SRR 1L
FOCAL AT IR o

ARTCR A BROCTT R SR AR IARA T5 72 L 2R
Thais TR  HL G B s T RE AR RO R R 5 T
(E IS 271 (I S R U NE Y R e A B R
WREETIF T e, 0F5E T AN R 20 3T R ko
P R T TR BE S A R 3 A A L SRy
AL o A HEBAN [R] i F AR B2 T e
B LRI A 1 B0, 4 T — b i v e R0
KT HOCRNL I H 5 o ASCBETEA B T30
JEER R ESEA S IR 2 (0 45 Bl AN ) B4
BT N o

2 BRIk

A SR U HE R I AR R R SR A A S R I
FAERII oA, AL HE A 2 T A 3% 1 1938 s 5
KA B AL A O -

Vx(M;‘VxE>-mqgr_l£)E =0, (1)

we,
Hp WA R E ky JEBCR A, p, 2 TR
W R, o RHETR, o) RHENHRL, 0 T
W

JCTEMZ S AY S5 H A% i I AN ] 3 4 2 A7 7E 40
FEo ANSCHEETE B HL L RE B R AE , R AE 1) AE
AL R — DRI R AT TR, 2R
PATR PR 2H A8 -

Q. = 0n +0uis (2)

Hor S — T W BH AR, i R (3) TR
Qu = 3 Re(J - E), (3)

156 U R REPEBRFE i 5 2 (4) THERAS
Qu = yRe(iwB - H"). (4)

AU L RE 20 A1 e SR A RE R T R (5)
T A4 (6) 345«



5511 FI W, S KSR T OGSt I b 65
T 34,2
pe, G+ V- (= VD) = 0, (5) fa= AL [ AN AN
dmcloonby, (m2)? ", (m})

-n+(=kVl) =h-(T,, -T) =q, (6)
Hrp Q HNIIR, ¢ R B AGR, T,., 8
IEERIE , b RGE e, A, BT
SR O RS S D e

=V (eW) =q(p-n+N;-Ny), (7)

on 1

n__Llyg-U 8
at qull n?Y ( )
op __ Vg g _

R v-J -U, (9)

PALE 3 TR R A S A 00 i B o, 8
S PN B TR SRR . TR (T) M
PAT7 R, BRI PR T A RN, o e
AR, VOB E N AR, ¢ WA, p.
SRS ORI TR BE, Ny AN 5330 B 2R 1Y
BTRBE (N, EMiE, N, B2 E). TTHE(8),
(9) Sy <y fE S HEAT R Mg Sa k5 fE, Kb U,
U, S H 5 Fias O A g R (I B 9 0 5
J, R, 53530 o T AL AN s LI e SRS
AR (10) (1) SREATIHEE . 3575 IR AN Y
SITERIFZNE W R 73 A% AR AN 28 GRS R T
A F

Jn = n’lu’n VE(‘ +MnkBTVn + %n/“(’nkl% VT’

(10)
1
Jp = n,u,p VE‘ +/prkBT Vp + ?n,u,pkﬁ VT,

(11)
Horp s — IO RS 30T, BRI I R A G .
A HO R SRR PR Z (SR G, A H R
S I YO0, w, B, 090 O LTI RS AR A
2GR, PHONURIR EERR EEAR G, H 5 iR
JERAG o ky R PIR 2R R B =0 T
PR, AR SER T DA Z W R I, T AR
SCH T IR ERREE , DRIHGIUAN F] 22
TEH TS RS R R, F IR SR
% % UL Shockley-Reed-Hall (SRH) & &, 7% J&
I FFE Al I, SR T AR RRCARE 4 o 00 A5 o AR R
SCHERL L] A1, S 5 R AN R BB A 2
T AL R R LR A5
P L) NGRS

- 22
8w cne,

An =

*
m, my,

(13)
A n RERERIRIIR T, A OB, ¢
T, &g NEENHHEEL AN, AN, 5351
L RIS O A B A o, A, R RIS
SIEREEE, m. Fom, L RS A R
i,

SCERL ] PP i 7THE 1,55 pum AL P45t
R RBCSAME S B i B0 TR Z TR 5
Fo WGERSCERL 1] A pg &5 R a4, IR
0.38 wm &b, i A7 5 5 R i RECE AL S A |
o R Z RIFTE LU G &

An = An_ + An, =-0.52892 x 107?AN, -

0.51088 x 107"* (AN,)**, (14)
Ao = Aa, + Aa;, = 0.51088 x 107"°AN, +
0.36062 x 107" AN,. (15)

AR SCHR 1) 745 e, 72 RESEH ERLR o, 4
B U (BT T T FR N . TR, A
S0 A A B U G — R RO
3 BAZEI L KB

e AR 1R A B | A ST
W o, i 1o T TR (2 iy
i) o R IT I S A S R, HS Z i 45°
Jeff, HARLMBEBINE AR 2, B xy
AR B0« i, YA y il KO R
KR, KON RER PN 24510 N X, £ Sl
BT E T K@K PN 45 P X, 33
FEHRLT N2, GFIG) 53y v U F S,
XSGR R TFON R IR, YO HLT6
I . D — HE LR ISR , BB A e 1
BB 1.5 pwm, FERE 1, TR 5 5
HEROERIE S, @5 kR, idy
THFHRRE, ONASHET LA LSk P
X T 58 4, FH 0 5 A 7 T 00 F 32 Ak 47 5
A R AL A% S0P EILIE T 1L F R
B AEE AR b TR HRUR B AR
T b, R AN S B 3 7 5L el R T
S, 1 RO BT 5 1 % 2 A vk
SR, BT E A ) 0 % 8 SRH
R AT, A HE T2 1 45K B 5 R



66 ko k¥ MW 537 %
P Ets R A LSO B TR &S M E 507 !
Ko B PN 2555 H AT A4 ok hy B D AR 42 ik .35 3 i H 5 R S RS
ARG SR E AT R R B A !
WRER 2 x107/em’® , Z EBIIREE N 1 x107/em’ [T R L
BB AN 1 x 10" /em’ . B4R EER :
AR+ | RS fig iy fi
—_— \ |
@ @
ﬁ///'" :
B BI04 ok B 43 A, F 2 AU
I © x P4 A o 5 (R By A sie
Lorentz-
& IE He Drude #&
114+2A[pm] @ 7[wm] \ Exin B K-K
FL R 5K i
IR
© IR H AL
No Ek
B n, kAE
@ 2[pm]
2.542A[pm]
[ 1 BETUAE PR3t 4 A K2 REmEE
Fig.1 Schematic of the model and boundary condition Fig.2 Simulation flow chart
A3 (V/m) 43 (K) i (K/m)
7405 ———el H 274
2 6.61 250
6 ~—
200
s
4 150
3 100
2
| 50
6.2x10” 667! H2.02
(b) (c)
a0 e A
— —_
is
3
25
2
1.5
|
ioAs
5.48x107
) 1)
(7 (IgV
— 0
|16
15
14 i;‘
I I
I | 112
(g) (h)

K3 g SRR G R

(i) FEFER B
Fig. 3

Electric field norm of incident light.

norm in semiconductor.

ViR R E .

concentration. (h) Hole concentration. (i) Debye length.

(e) Potential shift vector in semiconductor.

(a) ABPEHE s (b) R
(d) RN (o) P FARNRAR RN () EI; (g) HBTFUREEMi; (h) =

(f) Electric potential distribution.

(b) Temperature field distribution. (c¢) Temperature gradient.

Electromagnetic field, temperature field, and carriers concentration distribution in the silicon based semiconductor.

Yoy (o) BB
22 MR E AT

(a)

(d) Electric field
(g) Electron



14 JH

W, A AR RS T G S PR R A 67

LI P AT G RO XA R o 11,7,
SRH & & H i T fZs 75t o 10 ws, iy
BRA 112 VR R 4.05 V6 BIRAS
LSRR (T/300) "7 x1.04 x 10 /em’ , S 1
AR SRR F (T/300) " x2.8 x 10" /em’ | Hi F
TERRIE T 450 em?™/(V - s), 25 SUGE R E 500
em’/(V - s), FIEFIE 131 W/ (m - K), % &
FEIRAS I 700 U/ (kg - K) ,0.38 wm AL n &
{4354 3.268 4 F10.822 6,

SRAGET , B Sex e AR A T A BT, SRS AE
SMITHZVE R 34— IR B 3 N 0 30 540 A,
FERRE 3R 0 A AR AR N B AT 5
RN R E A 5 SR 5 P X Z B 17 Bk
GIHT, BB FEHOE IR 2 S A6 S A IR i A
Jids SCPRRYE 5 S5 S W HAG I @ PEE T o B, AR
FE T ARAT IR I A Ry P05 A B A
FFei R, FE 45 IGH A4 R IR RS
SR BT AT 5 B R B A A, R B 43
AARABIEERS /Oy B b, B 1 ok
o3 ARBE B IR BRI AT IR AR, e I
B BB R 2R e AR, YO TR E 458
sk, BRI A 2 FiR.

B3 iR THEERE BERS VB
DRGNP HEIGEAE A0, VA AR R 5
W EE A5 R BE I | P A I R A6 B 3
fiio MEIFATLLE Y, 21 A0 0 i Wl 4 i 7
FHEAEHH— 2 XN . ARETE 2 iE A
A X TR PO R S AR AT AR R TR
WCRE ., TARE A5 3 Ay H TR B RN 23 Ok B
L aED O R G I R N X A DS & 31 G = N KT TR
RN R A, AT AR RIS AN [A] T F 2
SEARIT SRR R B

4 ZRL5H®

XA SO B 0. 38 pm A ST 5E
4 000 V/m) e HrgOE E T T B9 AR L&
SR E B A Tk B A A A SO BRI T T AT
AT AR SN R/ A A R R 2 A
RIPA SR BE A R R AR B A AR B T B 644
Rk, BT T R R | R FE S
PRI AR S | S A PR HL B A T g B 3
JCRLE YA, B4 DL B SR R
[AIAY R R o

4.1 SpneE ERIF NG

Kl 4 R T AR IESERT, 2B AR PR
S e L VR B IR H VR BE e S MR R
Rz 7Ok B S AN R 22 b &R . AR AT A
S e HL R R R e e A T OMR B LT AN B Ab
THL 37 e A= 84k o TR AR MR B R AR AR 2 7k
FEW| s Bl A5 B R S A 3 K, X FEER
HAEWIIRTEOL T, IE R 43 4R T 7E P XA
N X, b & PR A () F R P 385 K, 30 3 % 24 3
R, Hopm J) — Wi E A AR TN 2 5y, (45 20 vk
JE W) 35 43 A S A a4k

17.5 17.5
0 ) C O O
17.0r 117.0
16.51 116.5
—&— The lowest electron concentration
160F e The lowest ho {160
E ~+ The highest electr EC
15.51 Oy 115.5
15.0f 115.0

145 o o m w——a 145

140 ] ] ] I 140
4042 44 464850 5254 5658 6.0

UIv
Pl 4 o S URERU T B Bt T AR AR LR R (TE )

Fig.4  Relationship between carriers concentration of semicon-

ductor and voltage variation (positive bias voltage )
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Tab.4 Effect of environment temperature on the parameters of semiconductor ( positive bias voltage )
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conductor and initial injection concentration ( positive
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Tab.5 Influence of original concentration on the parameters of semiconductor ( positive bias voltage )
PG demniitE/  BeOK ARG R HRRAE AR/ RKWEG, B RIMRHE R/
K (10" W-m™) (10" W -m™) (Vem™) (Vem™)
1.0 f% 674.38 7.856 1.5712 243 208.57 7 388.35
1145 676.22 8.010 1.603 0 239 648. 887 7 354.85
1.2 % 677.54 8.170 1.633 4 259 155.52 7 324.62
1.3 % 678.28 8.310 1.661 8 265 791.54 7 298.44
1.4 1% 678.35 8.440 1.687 6 271 605.45 7277.21
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Tab.6 Influence of heat transfer coefficient on complex re-

fractive index ( positive bias voltage)

B EE/ (W -m™ - K™") n/o Ew
10 1.904 9 0.933 89
11 1.899 8 0.933 97
12 1.895 4 0.934 07
13 1.887 9 0.934 18

Tab.7 Influence of bias voltage on the parameters of com-

plex refractive index (positive bias voltage)

ANIE R/ V n/w k/ o
4.2 1.909 6 0.933 40
4.6 1.907 8 0.933 97
5.0 1.904 9 0.9335 8
5.4 1.8950 0.934 18
5.8 1.879 0 0.934 85
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Fig.9 Electric field distribution on the screen in different cases
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Fig. 10  Electric field intensity signal on the screen in three

different cases
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