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Abstract Based on the nearly-ballistic optimization method, a high performance uni-traveling-carrier photodiode
(UTC-PD) design scheme is proposed in this paper. The UTC-PD prepared by this scheme has high response
speed, high responsivity, and large saturation output, and can alleviate the load voltage swing effect. The designed
novel photodiode uses a partially depleted absorption layer with gradient doping. A thin p-type doped charge layer is
inserted at the bottom of the collection layer. The internal electric field of the device is optimized to make the
photogenerated electrons drift at the overshoot speed, reduce the electron transit time, make the device have high
bias voltage operation ability, and therefore increase the 3 dB bandwidth and improve the saturation performance.
Simulation results show that under the condition of high reverse bias voltage of 8 V, the device with an active area of
16 pm’ can obtain a 3 dB bandwidth exceeding 86 GHz with a responsivity of 0.17 A/W.
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Table 1 Epitaxial layer structure of NB-MUTC-PD
Layer Material Thickness /(10" m) Doping level /em ™ * Doping type
p-contact layer In, 5, Ga, s As 400 3% 10" p
Diffusion block InGaAsP (Q=1.1¢eV) 200 2x10" P
Graded absorption layer Ing 55 Ga, 4y As 3000 1X10"(T)—1x10"(B) p
Depletion absorption layer In, 5, Ga, s As 800 110" p
Spacer layer [ InGaAsP (Q=1.4 V) 150 2X10" n
Spacer layer [l InGaAsP (Q=1.1¢eV) 150 2X10" n
Collector layer InP 2800 2X10" n
Charge layer [ InP 200 1X10" p
Charge layer |l InP 100 210" p
Charge layer |l InP 100 610" n
n-contact layer InP 4000 2x10" n
Diffusion block In, 5, Al, s As 2000 i
Substrate S. L. InP

Note: Q represents band gap of material; T represents top; B represents bottom.
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Fig. 1 Doping interfaces. (a) Doping interface of UTC-PD and MUTC-PD; (b) doping interface of NB-MUTC-PD

1006003-3



th i

i ot

3 dBAFTE. fZG i aEALB Ay UTC-PD 7 5810
38 GHz, MUTC-PD #I NB-MUTC-PD f44 % 73 51 Ky
63 GHz fl 64. 5 GHz, ¥J$2 ik UTC-PD 7 58 iy 1. 7
5 DRI AR B 2 AR

- - - UTC-PD
— — MUTC-PD
= NB-MUTC-PD

(=]

64.5 GHz

38GHz '+ 63 GHz

Relative responsivity
&
|
N

reverse bias voltage: 2_V
light intensity: 1X10* W-om™
1

0 10 20 30 40 50 60 70 80 90 100
Frequency /GHz

B2 762 VIS & i A SR
1X10" W/em® 54 F = A #4414 3 dB 3 98
Fig. 2 3 dB bandwidths of three devices at reverse bias
voltage of 2 V and incident light intensity of 1 X
10" W/cem®

ST B R, SR AT S5 M [ E 3
() JFANF BRI LE 3 IR FE 474 8. 78 p
A3 A AR R R U 2 e A i T AE N L 3 1

~
&
Do

=== UTC-PD
graded - = MUTC-PD
o, L absorption L NB MUTC-PD)
v N,
~ S
gﬁ 0 ‘\\}:\»« collector
g N T
= -1 depletion_, \ .,
v absorption R
3o
[as]
-3 |reverse bias
voltage: 2V
_ ! 1 1 1
0 0.2 04 06 08
Distance /um

YER R IF LG 1) n BUIRCHE 252 8, axX — 2o 3 32 3] Py 2
HL 37 R BE B B A 52 . DA = 28 R 1 B 45
[E 3 () 1M L AT LLE 8 MUTC-PD #l NB-
MUTC-PD 1 e £ 35 FE L W I )2 I i T B 5 X
HRTHBEM R e UE T R TR s T
M S 3 8, [)INE E 3 (b) AT LU B SR AL SE kB T
B UTC-PD X AE #E S W W2 90 A 35
(L AR FE R R OZ N A A AR 85 L SXRE AR R T
S R AR 48 ¢ i MUTC-PD 1l NB-MUTC-
PDAERIEARWIIZMM T E &4 T 40 ~
80 nm JEM F L X, X MBS HNERY
[ 56 Z ] LA ot

Ve dpe)
Elmih—in (-T) - j)o (I) . dx —
kT 1 dp()(.’/l?)

g (o) dr (4

XA E e RN YV, BRI p, (2) 2
BRREGR RPRESHEGT RRE. I
P, 7 X 3ol {1 75 Al b S S O b, O L D R A
B HE AKX, DI AR AR B 4 1 gk op g R 36 KO
HL RS Y 9

() 5

~ i | UTC-PD
TE 4 | |reverse biasi | [ = IIthgTC-PD
) voltage: 2 V% — MUTC.PD
2> !
b S 3 graded |
= absorption : collector
- N 1
S 2 o
o) depletion_,.
=’ absorption | .-
S 7) et
g IH 7
% H /1
. 4
0 L.
1 1 L .

0 02 04 06 08
Distance /um

B3 78 2 VYR f B R A OE T A AR RO R BT . () BB S5 5 (b) PN BT R 37 3 B2

Fig. 3 Physical properties of three devices under reverse bias voltage of 2 V.

(a) Band structure; (b) internal electric field intensity
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