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Abstract

Numerical Simulation of I-V characteristics of the Back-Gated Metal- Semiconductor-
Metal (BGMS M) photodetectors

Nasrin shabanzadeh

The Back- Gated M etal-semiconductor-Metal consists of two metal contacts on the top of
GaAs semiconductor surface and another one undemeath of this structure, the so called
backgated contact, which is designed to withdraw positive charge carrier, holes, from high-
speed circuit (the two top contacts).

In this dissertation, the electrostatic potential of the device is simulated first in equilibrium
state and the profile is obtained by solving poisson's equation using Newton numerical
method. It is then simulated in steady state (with an aplided voltage). One of the important
characteristics of photodetectors is their current-voltage (I-V) chractristic. The observed
experimental result of BGM SM photodetector is similar to that of two back-to-back diodes in
a circuit. The aim of steady state simulation is to obtain this characteristic. '

To simulate the I-V characteristic of the device, we need to solve the basic semiconductor
equations (Poisson's equation and two continuity equations for electrons and holes) in static
state (time independent). To do this, these equations are discretised using finite difference
method and the required parameters are obtained by solving a system of nonlinear algebraic
equations. The I-V characteristic is then can be obtained using the calculated parameters.

Key words: BGMSM photoderector, Equilibrium state, Steady state, Basic equations
semiconductors, I-V chractristic, Numerical simulation




I
-

a3
)
3
iy
s\/

18 elidals

o




dodas — V)
b JU (s T s 5 5 gm0, A (6055 e S (5L s 5 (sl e 58 ks 65 (6l S ST
(605 L ST ol Wy S b7 Sy iUl sy S (st a5 oy lows (ln aS05 4y OLSD 45 5 (54
o el (505 yud DS 6o s 50 1y ool 25 655 sUStSET ol asls 20530 1 Lo oS o5 5 a5
ol ol L (65 LS (65 (sla Lo ST (las o )l8 el 3 sl 0 mals OLES V- UK 5 o b woled S s

ins o Jast e 5 Sen Ol 5 4 1)

Elecirical  Transmifter
Signal Input Connecior  Opticat Splice

.-»’Eﬁve cimaitl.&a)l Light sm@l

Repeater - Optical

Coupler

Receiver
Electrical
Optical Signal Oulput
Amplifier »
Blactical signal
Optical st
W

oS il yo JJ&)J}}[«)&JTL{@W Wglaze A3X )“SEL!LUJ' .la:—cj.b :‘—\Jg.ﬁ

. 1 : : TV e . ,
2 Lo slaslw Sl Gl 5 o5 bl ST 655 65 M b e (555 (Sl b 1 osDhe

DV I0,8 o S 08 5 605 (55N 5 ik 5IUT YL 35 b Jsb (568 o3t b 5 el )lS 31 amns 3

Photodetector
Optical Fiber
Optoelectronic
Lasers

Modulators

Optical Measurment
Light Pattern

NALE W -




sl ST (sls T 4 S sl odiul 3 sl 48T IS LS Gk il o (8Ua 2 3o o ) (6 pos (5\83 S
pm = Y, M) & s b 5l 56l S o3l 50 45 S5 (sla e b Db 5 0l 05 5 W ol 5 SSE L (6,5
NG c,&)_.» Gl ges JlS 6)_}_}L5LAJ'L¢_)L§.§TJ.<:J sled 5 s o il l)‘.l;;SL;odL,.r—UVJ( oA
LRI PN FRCPVANPY 295 (S S paizes sls ke
Ol 5 g3l 0155 ol (sl sl 5 Ak o8 Wp3 sl Al o i i F (65 (s Shan ST
DU PRI PRV <IN DTS 4 a4 B ) (5 bl ST W (la e 5 ey il sy (V) S
= e AN IS ey (6055 015 3 2V e JohS 0 536 1y (655 (sl T WL JUast as sl (F) eojl e
s S S I s 050 b (65 015 b ns o o3l (65 (6l ST 4 VU g3t 015 (F) o3
Lz 2 3500 YU RF 6,0 G 0050 s sl by 255 4 IR e oS 3259 S Sl bz (8) s Lis
e b 6055 sl ISCaT ol jglas chizs )55 Camenf 3l il sla S5y cikiion slas S 55 V0]
Ale alas )l 5> s o i 0,8 5" 605 sla g S8 g D Bl bk 3 Wl el 555 s e 5 il
A8 (B0 BLr oS Gy a5 oD (Dol (S35 ¢S 25 5 oS B 0L S 2l (s g
D Tsds ;3 LY 6,5 OlF b g5 slaslu el 4 Sl
1 gl (G ATwd ﬁj&lfkﬁu}:,ul_}:& LSJ'L»)K.ZT sl 3
Lgle - dd g s ole p g da @
&l;éﬂl&i@&iod)l{tgh&b-aldy .
ashd SV s b b Jol (60 o ®

JESew 5 by (sl ST @

. Space- related Spectros copy
. Optical Interconnection

. Bandwidth

. Efficiency

. Saturation Power

. Dark current

. Modulation

. Optical Switches

C A Ut b WN




Sl 55 B b 055 65 im0 A Sk W5 e 434S ol 455 ol st alo e sl
sl zsedsb ST 6l 0 868 sl b sla (s .L;Ml'o,:,é oS5V aS chv2Eg c asl | oobs aes ol g
Gas $3be s 1§55 b DL (5l Vgons ipd o 458,8 JISG OLIE Wl ol olie 4y 4 b il
255 o oLzl oS (sl b 5> JUat sy (Avonm ule) o6 S 50 I b (3L ST (6
o35 S ASET 5T S (605 Sl Sl AT 5 03,2 SIS Y gano (655 (sl shun ST el oS 55
P W PP S FRRTE RUAESE-JC R KT ) K- FRCIP SO | IS SR I TP U et I Ot Pt
~ = @l aed 5y 5 'LSL“).L”JK*:-‘ W aeal 5 Ll 4 sl 4 ey s 3 oS S S5 605 slasltSsl
g 4S il o (APDS)” ogs 535 sloas 5 P-inn 6,5 sbas s Wbl 558 ¢ Lol gp o Jold a5 sl
G sl KaT ol as die s ey o OLES 50 5 mens b sl £33 £5 5 Al A 0,0 p s 5 Ul
Pl ols dai= 515 (555 (sla S ST 4 015 n e OF 31 oS T 4Bl a5 Wy S by (g5la dasd (i

o S ST Sy 15,5 oLl (BGMSM) ™ ootifs a3 g 585308 dasi =58 (5,5 slo sl ST 5 (MSM)

PYZTRIP- TS R Lo U ¥ gl S 65 (LS oles 53 Jols (MSM) J goms 36— (5l o3 — 515

~ Sl 5 m al Jyane (MISM) S 44 etz 3 g olad ¢ pgmn (ol el 03,5 4L L (BGMISM)
LY G 03 S OLSI L ol a5 13 )y sype sl OLL cpl 534S (glods ls ame 53 B - ools e — 56 (5,
3 Siera MM G 3l (6550 wnS 5 Sl opl a5 o x5l Jgene i-GaAS MSM G 4 03 00 VT P« GaAs
i el 4 255 (om0 IS O b oY 5l Lo o OUS O (8l A5 oy lad 45 3L o Pl 53 S

A o Rl S ST ey ey

. Semiconductor
. Photon
. Thermal Photodetectores
. Photoelectric Photodetedtores
. Photonic
. Photoconductor
. P-i-n Phatodiode
. Avalanch Photodiode
. Metal- Semiconductor- Metal
. Back- Gated Metal- Semiconductor- Metal

BB - Y AR I S

—
<




aS 555 e ey p (VG @ 55 Jlesl 050) ol <= 55 (BGMSM) (6,5 sl KT ks, oo Joad 5

3t e OF bty 2 = oy 5 33,8 oo o 55065 LSS oy 3 ookl  ankad (sl,2 0l olan lize oty
Y ;j_w = o (Ve & 5 Jlast ) Ll eI 53 (BGMSM) (5,5 s (ST b, e Joad 3 053
Do 3 el b cojd 5 09,3 R gy SVslaa 5 O gl gy Aholes codd S 5o Jomh > aboles au 5late oy
5 05,353 IS 5 Jeily il ds o S¥obes 51 oS 50 3 s o o oa b g Olesed sk 0550 LSS
le B 5 St s 2SI Jomiley codd Cudir oy Voo dzns ol Jor b 5 ks 438,5 lSys I pamms Olsie 4y o,
o s sl Jeily e 3 (6,05 dede (s anealy 5o 2l ezl ol 5 eslizad b T e oy 0,85 05,250
a3 5 Jasl U (BGMSM) (5555 o 5T 0l 35 it sl 5o kin 8 o dbons s 5 05 250

238 — o shwans boyis 5 0y S OL 2 S alady 5l osbixd U g anbad 4y Cidses

1 . .
. Poisson 's Equation

2 1V Characteristic



Ep A %jﬂﬂﬂ,ﬂ#%éﬁghﬂﬁ\iﬂ\jﬁ
e . o P .v"x g ;
560 gy e an

Sils

ol o




dasdas — VY

952 5 S5 S S ol 3 rmeen 5 05 ed ST S (i 3 0 1Sl (555 sl LSS
Aizes (638 das (5,55 (Lol ASET (6,5 (sla sl ISKET R gl

el S e 1 Bl Lol sla (S5 5 5,50 6 g (838 dasi (g5 6{»;@)&.:141;»@1 Jead ol 5o
6olos a5 (555 Sl sl Sl aen 5 Shas oot ol iy P O J‘Uéi 3 g L g dab (A sl
ey o JKEP 51 ols ansi p5 50 S 45 WSl o P gy Kisy 255 o ABL o iy ol Lol
33,8 o o g PB Xig Sl il 03 5 )

Lo b = b= gols e — b 6,5 5L KT Sy — 0l o anasiio Soas Al OLL l s s 4l
5 (.sj,uﬁ\mgn 5 63l ans 45 ol (g aali S 55 (60 Sl ST opt 5wzl o BGMSM ot s
on B pll Olge 4 p-1 Aigy G S —0L 2 aesils (Sl daly) coadods LSSP £ o0l e 5 0L

RV PR

Jdalas b= 5 p-m L5 g — V-

3 o S 3 Dlogen ey 4ol 55 53 0 45 S e BLAT 5,5 41, s DG pon Wigy S5 ol
Al AP B HM 4l S 5P 4l G e S5k e il anily 5

Ol Lo ay 45 555 o LSS5 Py 1 g5 slepale o 8 (55 001> 3 o JUS S Wiy oS (0 5
»olseadogay s 4 a sl g Jlal pase 4 NTCAN-Y JSKE cdas o 1) Wy 5 Iolad syl gl 5 Sy
Sp85p Sybandbilbo,Siyn Sbap b J'“A"ﬁ"JJﬂuﬁjmiUJ‘e 5585 o8y o Ll o515
533 9l aals Ll 358 (g Joee 53 cille (SO 301 Ols G sl Mo 4 b e o (WY IS S
LT o3y p P UJE 2 e 5Lk 4t Sy 5 WD 4l Soo5 5 e sl L 4ol K

PP am 3 0b,a i 4l & Oles ol et e S Gk 4 Cate by 3l e ool S5 Olis g

. Gain
. Sensitivity
. Impurities
5° Charge Carrier
- Space Chrge Region
.Drifft Current Companent




