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Angular Position Sensitive Detector and Finite-Element Analysis
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(Institute of Optical Engineering, Department of Physics, Shanghai Jiasotong University, Shanghai 200240)

Abstract:
electric effect is introduced. A finite-element method (FEM) is adopted to analyze and calculate the output

The structure design of angular position sensitive detector (APD) utilizing semiconductor’s lateral photo

characteristics of APD, such as linearity, angular precision and response sensitivity. Based on FEM simulation, this
APD design can achieve high linearity (<{0.04% ) and high precision (~207) for angular measurement in the range
of 90°. At last, the factors that influence the precision of measuring angle including electric parameters of material
and model structure parameters, such as resistance and electrode, are analyzed. By optimizing material and
structure, the APD can achieve higher linearity (<{0.01%) and angle resolution (<{1”) and be used in angular

measurement with high resolution.
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Fig.1 Cross section (a), structure model (b) of angular position sensitive detector
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Fig. 2 Diagram of the grid (a), the electric potential contour (b) for the model

4 THREER S50
4.1 HEER

BATEOCERM B K ¢ BE G R4,
— A ES ZHAE ¢ MERLRXRR, A 3 fF

_ Vv \% N
No HH Zl:VlTIVZ’ZzzvszVz" Vi5V,H

R A4k e AR L % . NIRRT LA o o 9 5 — 4K
EoSAREZAFERRNEELRR.
B AL BERE » B ALE (8 A7), 0 — bk (5

LO gy (- Output1 | | 4%
L. 'Li_QP}Bl} N
0.8 -
N
S 06
20
7
=
= 04
8
0.2 -
L ‘ (R)

oW il i ; ; i
0 10 20 30 40 50 60 70 80 90
Angular ¢ /()

T ZFa¥AE r B SR R WA 3(b) BT
WHRE—ES Z AR 2B
BEEN—HE.
SGEAMR.wHNBE—-ETSAEZRFE
BRBLMERR . S8 P i E L, 2 R A
ks 0 0 Ry A LI, HE AT 2 Bl &, Rtk
AR E] 0. 03590, V- 24 B3 20", T 38 52k 415 £ 2k X
PR BRI G S B, R SO T LUK B

0.70

~~~~~~~~~~~~~~~

0.65 + Qutput 2 |
0.60
0.55
0.50 +
0.45 +
0.40 +

Output signal Z

35 TR — S — | " (b)
746 48 5.0 52 54 56 58 6.0 62 64 6.6
r/cm

K3 WMlfES ZHAES (0, WMBES ZHEEr (O ELXR
Fig. 3 Output signal Z versus angle ¢ (a), radius » (b)

4.2 FMIERR

HEBmNREE KAdHBEME—-KES Z
5REs BN R ER/B]: Z=Ké+0b, B A
B RRE, HEER Sl ESREERS.

RN TRIREEE N

lalle = | >k — 400",
S TR0 O R 2 6, 52
L 6060 A SR
SETLRE 0 R L B B CP R0 P
P=L5 440l
RO T 9052 9K 1 FLECR M B

2 H B UE B 5 KA 2 O+
Omax = max( | ¢, — (]| )
B 71 B 35 KA 22 14 46 o 8 B8R /N B HICRE BRI
TH BRI M EE r=6. 02 cm Ab I8 FE £
B (i~ BAH R BRES (8,Z), LI
BRI BRI S W BIER/DZFUEG (b=
E'Z. 46", 8% )5 1331840 IR A BT B (A 0. 3516°~
5. 2734°5) Py R A2 4k (r=6. 02 cm) FIEL B 2 42 4b
(W r=5. 00 cm 45) s AL B A FR (Li]=¢k"Z" +
b)), I 5 SR BEAE (80 AR
4.3 MERESHAMEZEANXR
R T BRI [F A T (B~ &) KAz ]
P8 () AL A A B 22 3], W R 5K 0 R 90°, 42



114 TS, A B RURERI S XA BRIT A M 2067

% R, =4.75 cm, R, =6. 50 cm, Y4 X H fH %
500 Q ¢ m, FAREL LN 0.1 Q, B8 AR WA 45 fih e,
e CeRL AR Ay A5 00 AN [ o B A0 I 7 K 2 19 L 35571

TR 1, B TREE XA, BOA B (4 ~4.)
0~45"H By LA~ X 18] BER B %

xR 1 BEREURIE AL B AL AR B L 5L

Table 1 Comparison on angular measurement in different regions

Range of angle

: " " _
b, /(%) Radius r /cm P/ Sumax / () 6l 2x107* K
4.75 266.7 624.3
5.00 243.8 567.3
5.39 165.1 420.6
0.3516~5.2734 5. 86 65. 2 248. 6 959 0.0111
6.02 45.7 267.5
6.18 54.9 303.6
6.50 72.4 359.0
4.75 45.6 67.4
5.00 42.2 62. 2
5.39 27.3 38.9
10.5468~15. 4686 5. 86 5.4 7.8 7.56 0.0111
6.02 0.6 1.2
6.18 4,2 7.7
6.50 7.7 12.8
4,75 8.2 12.2
5. 00 7.8 11.4
5. 39 4.7 8.0
20.3905~25. 3123 5. 86 1.1 2.1 7.50 0.0110
6.02 0.6 1.2
6.18 0.7 1.7
6.50 1.3 2.6
4,75 1.7 2.9
5. 00 1.7 2.8
5. 37 1.1 2.3
30. 2342~35. 1560 5. 86 0.7 1.6 5.63 0.0110
6.02 0.4 1.2
6.18 0.8 1.4
6.50 1.0 1.8
4,75 0.7 1.7
5. 00 0.7 1.2
5.39 0.6 1.4
40, 0778~44, 9997 5. 86 0.5 1.3 5.45 0.0110
6.02 0.4 0.9
6.18 0.6 1.7
6.50 0.6 1.9
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Table 2 Comparison on angular measurement with different width of electrodes

Width of electrodes

Radius r /cm P/ Smax/ () [ol./107" K
w /pm
4,75 1032.0 2664.5
10 5.00 982.1 2555. 8 2021 0.0110
6.02 89. 8 208. 2
4,75 219.1 566.7
50 5.00 208. 6 543.1 434 0.0111
6.02 19.3 45,2
4,75 110.6 285.6
100 5.00 105.1 273.3 219 0.0111
6.02 9.7 23.1
4,75 22.2 57.2
500 5.00 21.1 55.0 46 0.0111
6.02 2.1 4.6
4,75 11.0 29. 2
1000 5.00 10. 6 27.7 25 0.0111
6.02 1.1 2.6
4.75 2.3 5.4
5000 5.00 2.1 5.3 9.59 0.0111
6.02 0.4 1.1
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Fig.4 Diagram of sensitivity K versus model angle
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Table 3 Comparison on angular measurement with different angle § and resistivity of photosensitive layer

Angle of device Range of angle

Resistivity of sensitive

y y B
0/ $—, /() region /(Q *+ m) PO O/ O 02 /107 K
20 407. 2 867.9 5526
30 6.3281~23. 5545 500 201. 3 876. 2 5372 0.0326
10000 193.8 899. 8 5349
20 92.5 203.5 91
45 14.0624~31. 2888 500 14. 8 32.3 14 0.0220
10000 12.8 30.7 87
20 246. 4 795.1 6320
60 21.0936~38. 3200 500 236.0 833.4 6306 0.0164
10000 235.4 835.3 6323
20 6.8 14.9 6.67
75 29, 1795~46. 4059 500 1.1 3.1 8.24 0.0132
1000 8.8 24.6 188
20 1.9 4.5 2.26
90 35.5076~52, 7340 500 0.6 1.3 9.93 0.0111
10000 12.2 29.1 210
20 0.1 0.3 0.77
120 51, 3278~68. 5542 500 .8 2.2 16 0. 0083
10000 20.7 56.6 396
20 0.1 .1 1.31
150 66. 7964~84. 0228 500 1.2 .8 30 0. 0067
10000 27.5 70.6 700
20 0.1 0.2 1.61
180 81.5619~98. 7884 500 4 4.0 36 0. 0055
10000 28.5 102.1 750
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