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Study of modified uni-traveling carrier photodetector used in next
generation optical communication system
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Abstract : This paper studies and proposes a electric-enhanced modified uni-traveling carrier photodetector
(EE-MUTC-PD) with a hybrid absorption layer. This structure introduces graded doping to enhance the
electric field in the absorption region of the photodetector,and divides the absorption into two parts, par-
tially depleted and depleted,so that the photogenerated electrons drift through the absorption region and
the photogenerated holes will be collected during the relaxation time, which effectively solves the prob-
lem that the uni-traveling carrier photodetector (UTC-PD) cannot maintain a high bandwidth under low
optical power injection, while achieving high responsivity. This photodetector can be used in the next gen-
eration 800 Gb/s optical communication system.
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Tab.1 Epitaxial layer parameters of EE-MUTC-PD

Layer Material Fhickness Bandgap Doping

P contact InGaAs 50 0.73 P 2X10"

Electron barrier InGaAsP 20 0.95 P 1Xx10"
P absorption InGaAs 540 0.73 (radual doping

U absorption InGaAs 120 0.73 Undoped

Spacer InGaAsP 13 0.8 N 1X10"

Cliff InP 10 1. 35 N 1.5X10"
Collection InP 860 1. 35 N 1X10"
N contact InP 300 1.35 N 1X10"

FEAR SO, T JEH I 28 A PR IX BN 16 pm,
S R 4 VL, AT P 4 B 55 4 B B L A
MIPEEK A1 310 nm, AGFETIRE R 1 mW, 56 &1
N = B A S AR SCHT A 1 05 B 458 B TCAD i B
AR, 5 E SRR TR K InP BB
2%, B B InGaAs Fl InP 18R G2 AL % S 80
DA K AT B R AGER S AE R 2 thg] e,

1.1 RWEMK

EE-MUTC-PD (s B R 16 pm, S GE 2 45

M 2 s . AR SCETE T B A AR R0 02 TR B

UTC-PD #il MUTC-PD 5 EE-MUTC-PD i 47 %
. UTC-PD 1 MUTC-PD f9 5 4E 22 2 Kl 3 3 0
R A PR, UTC-PD RYWIZ 254 56 4t s 48 2% 1Y
InGaAs M BHH I B4R E & 2 X 10 em ™ * L JR R
660 nm, MUTC-PD fy W i J22 25 ¥ i =5 8 2 FIARAE
9 InGaAs LA #4 W, ¥ B A M B A W B2 2 X
10" em ™ ?, JBEFE R 540 nm, AMEZJEE 120 nm, EE-
MUTC-PD ByWHOZ 458 1 540 nm J&E B 22 48 2%
W R AN 120 nm JE M AAEZ LR, 3 RO 1
W W )22 JRE i P4 AR 1]
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Tab.2 Material parameters in simulation

Parameter

InP InGaAs

Electron mobility
Hole mobility
Conduction band density of states
Valence band density of states
Electron saturation velocity
Hole saturation velocity
Electron and hole life time
Electron Auger coefficient
Hole Auger coefficient
Real refractive index (1310 nm)

Imaginary refractive index (1310 nm)

5400 em®/(V + ) 12000 ecm?/(V * s)

200 cm®/(V + s) 300 cm®/(V + s)
5.7 X 10" em™?

1.1 X 10" em™*

2.1 X 10" em™?
7.7 X 10" em ™7
2.6 X 10" cm/s 2.5 X 10" em/s
5 X 10° em/s 5 X 10° em/s
2 X 1077 s 1 X 10 "s
3.7 X 107% em®/s 3.2 X 107% cm® /s
8.7 X 107% cm®/s 3.2 X 107% ecm® /s
3.2 3.51

0 0.106
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Tab.3 Epitaxial layer parameters of UTC-PD

Layer Material Thi/crl:riess Ba;lj\%ap l?grilig
P contact InGaAs 50 0.73 P 2X10"
Electron barrier InGaAsP 20 0.95 P 1Xx10"
P absorption InGaAs 540 0.73 P 2X10"
U absorption InGaAs 120 0.73 Undoped
Spacer InGaAsP 13 0.8 N 1X10%

Cliff InP 10 1.35 N 1.5xX10"

Collection InP 860 1.35 N 1X10"
N contact InP 300 1.35 N 1x10"
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Tab. 4 Epitaxial layer parameters of MUTC-PD

. Thickness Bandgap  Doping
Layer Material /nm eV Jem™>
P contact InGaAs 50 0.73 P 2X10"
Electron barrier InGaAsP 20 0.95 P 1X10"
P absorption InGaAs 660 0.73 P 2X10"
Spacer InGaAsP 13 0.8 N 1X10%*
ClLiff InP 10 1.35 N 1.5X10%
Collection InP 860 1.35 N 1xX10"
N contact InP 300 1. 35 N 1X10"
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Fig. 3 Electric field in the absorption region and carrier transmit time limited bandwidth of three kinds of photodetectors:

(a) Electric field in the absorption region; (b) Carrier transmit time limited bandwidth
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Tab.5 Epitaxial layer parameters of DDR-PD

Layer  Material Thickness Bandgap  Dobing
P contact InGaAs 50 0.73 P 2X 10"
Electron barrier InGaAsP 20 0. 95 P 1X 10"
P absorption  InGaAs 660 0.73 P1X 107
Drift InGaAsP 120 0.8 N 2X 10"
Collection InP 860 1.35 N 1X 10"
N contact InP 300 1. 35 N 1X 10"
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Fig. 10 Frequency response of photodetectors,influence of incident optical power on photodetector bandwidth :

(a) The influence of the thickness of the absorption layer on the photodetector;
(b) Bandwidth of EE-MUTC-PD under different bias voltages;
(c¢) Bandwidth of EE-MUTC-PD with different active region diameters;

(d) Influence of incident optical power on photodetector bandwidth
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