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Theoretical analysis of Ge/Si quantum dot infrared photodetector
Mohammad Gholipoor, Davood Fathi*, Mahdi Gordi Armaki
* d.fathi@modares.ac.ir

Abstract- In the article, we have used an accurate model for theoretical studying of dark and illumination
characteristics of Ge/Si quantum dot infrared photodetector. In our considerations it is assumed that both
thermionic emission and field-assisted tunnelling mechanisms determine the dark current of quantum dot
detector. Dependence of the QDIPs dark current to the temperature and voltage bias, and also the thermionic
emission and field-assisted tunneling at various temperatures and biasing voltages are investigated. Our results
predict that the dark current of Ge/Si quantum dot is smaller than other materials of III-V groups such as
InAs/GaAs and as a result, detectivity in photodetectors can be improved.

-Keywords: Quantum dots, Silicon-Germanium, dark current, photodetectors

AYY
Sl oy B WWW.OPSLIT ol jo oS il jliel gl)ls 5,90 ;0 alas oyl


https://www.opsi.ir/article-1-1916-fa.html

[ Downloaded from www.opsi.ir on 2026-06-20 ]

Ol Sgisd (655l8 5 (quip LS a3l 5 Ol Sgied 5 Syl ulAS ey g S
VWAV ot V=0 el e o5l olEisls

95 Zgp (sog5lsS ahll JBa Jolis laas¥ cpl 5l plas 5o
o OLeSe @sls 093 b g Zp ewindy pallBL J&s
22 SlargiilyS Al ol ghaile mhaw (e aiily
hop ol elis,l ol 5l 3 o)l 4 ¢ agp (UK
6395 LSBT Y Sl ggorma 5yal 5l anl 5555
s sogee sliwl) ;0 a5 058 @lats (5920 4 Wy o
PS5 o3l izmes 398 Snie ouilsS (550 515 g0
slajly olml el (o, pogilys bl oyl alade ehaws
"t i 0y Giply Cabyb a0 5 i arhe
Jlasl g0 o sl ST Jld b ) IS gollas o9l
SR s )eiSIS g el plgie 4 a5 VL alBL L

==l =l
| .| Vll
y

n:Si VY x Y- .30nm

plk (sogilsS 4Y
p2 A S A D AN AN

P AN AtL 4>l
JLx.é

(1) agslS &Y

\Y
n :Si V.0 Y+ ,30nm

Si/Ge ogulsS alais sl 5o 5 (Siled pgeas ) IS

-0 ke 1) GelSi agilsS blas gl JLale ¥V S
gl 35 o 090 SOl 5l aS jshailes oo
oL>- Je o).6.>- )49.4 RVIC PR oo ;M_‘B)Jo .\.’b s_f));

Dyl oo pgaile s Jomilly
2y Sypa QDIP G 5o (6,6 ol S 5eSilee

[ Y o

<‘]dark> = ‘JmaszD J.OOO eXp(q¢/kBT) M)

AYY

dodlo

QDIP il 4y by (sogilsS alaii 305 (y30le sl 5T
053 4y LT aes g0 o ) ok pldkxe azy
ygazte dw dw o b fel> ez 0 138l pl o il 00,8
S ) sled pezmen e 0Sles wigh o
JBSE i @bley)s o 5 S S, Gl

[V 09,5

g asllae jshaie 4 695 Juo Su (23, Voo F Jlo o
Caxdg 35 5 58 GWb 5 50 b QDIPY ks )y
LYl o Jas ol 5 [¥] 0,5 Byme S5
DS ohe 55 mdis wmlp e 85
@ ks Joe onl 5eoest YT wols plas ) o2
sile gty - des 09,5 (35500l (sl 5L dalllas shie
AR oolaiwl  INAs/GaAs
S ol jpame poleys (oegiilsS abaii (slajl, ISl
laoyl3l Koo b (Las 5l & az g b o oSelew ns
ol 56 Slix g (S p (S )9
Sy ysS e Jow 5l Lo callio ol o [§] diten Lo lzs s
s Al a3 Gaole a3 5 Shas i

.Mloo; oolaiw! Ge/Si

Sk gl el ead

QDIP G ,U by (S pmd Jo
Sl )8l jl aigad o (oope p 5l (Seles ) S
bz gogiilyS abaii laa 5l lacgazee 51 5o IS

] 00 Liw.» LS e &)‘9-; Bl L’ L5°‘9"’ )‘ ol

1 Quantum dot infrared photodetector

Sl oy B WWW.OPSLIT ol jo oS il jliel gl)ls 5,90 ;0 alas oyl


https://www.opsi.ir/article-1-1916-fa.html

[ Downloaded from www.opsi.ir on 2026-06-20 ]

Ol Sgisd (655l8 5 (quip LS a3l 5 Ol Sgied 5 Syl ulAS ey g S
VWAV ot V=0 el e o5l olEisls

0z oo
<‘]dark> = P (Gth +Gtun) D)

k

Ll 25 G oy e Jloxol P slo el )y oS
Ddbse (SeS Gl (S ks 25 Gun 3 Sl
Lol 030l [0] g po 50 Laslg, ool LS 5>

556y S anlp by e oyi> (b 5
iy on S oy ol (5L 4y 1 4 e
Sl S p e S (Gl 0 &Sl 5,8
Ol¥ o L Gy oy oSk S el G
12,5 et ) abaly by

(3 o) = A9, )

5 blo) )9 o O eogislsS Glewily 77 ¢358 aloles 5o
el Lo 55T (59, 3 (699,8 slagygigd Lo S Bs

dls jslate @y Al anngy Ll oo ol 5l L
a5 GelSi Jb 4>b L QDIP 5,5 5 ()b b~
abhis olal Gezen LSl slayiall 5l (ol See
otlos S ooliiul el Los 5 Jlosl ol 5Ly o sogiilsS
Sl sl ool oslaial slo el )b o age prolie

Lol oael V Jga o

0dds (& jlwans GEISI 5o IaT (sl ol b polie: V Joo

VWES It Ge/Si (_ng)‘Lu)lS.;LT ‘5{.1)[3 ol VO USS
ol b aes o plas (6,15 sles aw o WL 5l
SiBF P Jel 69y L e elS bl 5Ly
o by Gioli8l dald s o b e i3l

9 ol sl z5 SRl e 8 Lo il

si

s e

GelSi )l Lzl 5l (Soleds yigai = ¥V SS

booyi> Jeily @jss @ woyb> L G aolas (ol jo oS
aion ol > ‘_5]60' Jmax 3 ‘gs"’}:-;bs abai Y ;o
bl &2398 0G0 L ocwl oYL n* Jlas!

by ) Oy (lg oo 1) (398 adal,

7]
<‘]dark> = J e WX

exp(q{v +V, —§\1N>VQD J/(K +1)kBT]
QD

abi a0 boya> ke (N) (398 dolas o oS

D)

co i Ao 3w Nop oy oy alols L o agislss
‘6 Ja;‘s) g_:u)D- ol k5'°9'~"95 alad; oole s_i:]&”éo

lode] [a] &0 o VQD 9 Vp

e ganlp Soled Spgar pizes ¥ USS
0 ke o (S5 Gl S Bs 9 (Sl sladl
o5 b QDIP (by> (A4S ©jge 4 s oe Glis
S5 (il rnsl s oS Lol A s 1 ol
4 sogilsS bl sude slajly 5l beya> 51> g (5,98
bl o St ooy vl (0 ugy sbajls
otk sagiilsS LU c oo oo JUEU! (7 ¢ 5095155
3P &S oy Slae 6N Ojls Aol 5,0

lbg (g oo (i

Sl oy B WWW.OPSLIT ol jo oS il jliel gl)ls 5,90 ;0 alas oyl


https://www.opsi.ir/article-1-1916-fa.html

[ Downloaded from www.opsi.ir on 2026-06-20 ]

Ol Sgisd (655l8 5 (quip LS a3l 5 Ol Sgied 5 Syl ulAS ey g S
VWAV ot V=0 el e o5l olEisls

Sl Kol bl 4 S b ol i Jel>

10
102
< 10*
=
[
5
o 10°
10°®
——— photocurrent
dark current
10710
0 0.5 1 1.5 2 2.5 3

Bias voltage

ol 450 VA sles j0 GBIST Lo, ISl (5,95 9 (So,b b, F IS

L 2> w0

[1] G. Liu, J. Zhang, and L. Wang, "Dark current
model and characteristics of quantum dot
infrared photodetectors,” Infrared Physics &
Technology, vol. 73, pp. 36-40, 2015.

[2] A. Stiff-Roberts, X. Su, S. Chakrabarti, and P.
Bhattacharya, "Contribution of field-assisted
tunneling emission to dark current in InAs-GaAs
guantum dot infrared photodetectors,” IEEE
photonics technology letters, vol. 16, no. 3, pp.
867-869, 2004.

[3] H. Liu, J. Zhang, Z. Gao, and Y. Shi,
"Photodetection of Infrared Photodetector Based
on Surrounding Barriers Formed by Charged
Quantum Dots," IEEE Photonics Journal, vol. 7,
no. 3, pp. 1-8, 2015.

[4] A. Yakimov, V. Timofeev, A. Bloshkin, A.
Nikiforov, and A Dvurechenskii,
"Photovoltaic Ge/Si quantum dot detectors
operating in the mid-wave atmospheric
window (3 to 5 p m)," Nanoscale research
letters, vol. 7, no. 1, p. 494, 2012.

[5] P. Martyniuk and A. Rogalski, "Insight into
performance of quantum dot infrared
photodetectors,” Bulletin of the Polish
Academy of Sciences: Technical Sciences, vol.
57, no. 1, pp. 103-116, 2009

AYY

i Sy 315 s bels by jphe bl Grizes
b S s s S5 ¢8Il cel

S g o> Gl b (S

2
1=

107

10"

Current (A)

0 0.5 1 1.5 2
Bias Voltage (V)

Ge/Si sl 55T Sl ol ¥ UKo

(=]
in
"

Sl lal cpl o 5ls b (o)l ol Seedle Sl pes
sbbu dnAS/GaAs  emes olalisle 4 cod
Oldes & ol Jiend (Soly b Gidis E5 el
0053l oy aSLl 4 4z g5 b (rizmen 0Bl o0 (S S
Er o2 s Sl lenl g5 el wies (o)L Lz
Ol i Gell o Lol & )l |y G5 ke

Dgdee )b
o9 ;5 (5)l58 9,0 5)9 Fly GOIST egislss LS
ol Gl s aimo o )l |, yieg,Sae B B Y _ichs
6998 st )L (JBs 5 9 zae Jsb lesgame
sl 0 6,8 by Sless A X v photon/cm's
b ¥ S g Sy o (slS 4z 0 VA
97y laanld oWy b oyp olyr Gl cle

8 o9obe )’L.;)Li.i‘j S o, Sles Lo laie a
02355 oy Sl g |y GEISI agiilsS alais

S prr 9 5SS B Ep a4y bl sl

Sl oy B WWW.OPSLIT ol jo oS il jliel gl)ls 5,90 ;0 alas oyl


https://www.opsi.ir/article-1-1916-fa.html
http://www.tcpdf.org

