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Error corrections for position sensitive detector based on speckle

tracking system
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Abstract: The accuracy of position sensitive detector (PSD) is mainly affected by the non-linearity,
interference and the installation tilt error, and the measurable range is limited by the size of the detector.
Based on the analysis of the influencing mechanism of the non-linearity, the interference and the installation
tilt error, a speckle tracking system was introduced to remove the influence by local fitting and real-time
calibration according to the linear relationship between the actual value and the measured value. ALOs/PEN
sample was used to experimentally verify the designed spot tracking system platform. The results show that
the linear correlation coefficient maintains in a range of 1+£0.001 5, the linearity standard error is reduced to
0.3 wm/40 mm, the maximum error is less than 16 wm/40 mm and the measurable range can be increased to
the stroke of the module, 200 mm in this work. This method is effective, flexible and practical for position
detection applications especially under feeble light condition and for large measuring range.
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Fig.1 Structure diagram of the PSD

h=b (L 1
e 2 1)
-1, XI; (2)

T hbe2vl, "2
S L g EBEIR 1 MU 5 1, 2 B B R O 3
7 5 F R L 30 5 v R L R e I B e AT
MR
I3 (2) T LT e BE 3 B | T4
SRR I FRL IR e 1 B M S 2
BER 9 25 FBL 00 (1, L) 4 PR A5 — B, 000
B F BB ST R LA R A
Coll+ L)/ (L+T2vl) fH R | — 3 2 [ A 65 3 )
IS5 M 25 B R B I | IS [ K B S BE KN |
B3 2 e R A A BB M T AR K, 3R SRR
000 S5 A LA A s, T L 24 B i)
B, ] FEL Rt 2 A AL, 2 0 G o 0 5 A 9
B 2 7 A ) A AL, B ol ek R A 4
AT SC IR, 220 B2 BT I 5 R A A A
i AS Ak, 28 5 B 4 R B AL 22 4b 2
PSD 1% 25 TG I ARAIE 538 B B 4 466 X -7, 3
H BN EES A2 A —EER, (HhE2

. I:xcltlut:'l Observed
1msta. 8 10n Value
location

_______________________________________

Actual
value

Central point

€l 2 PSD %% iR 22 43 HF

Fig.2 Installation error analysis of PSD
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Fig.3 Diagram of speckle tracking process
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Fig.4 Schematic diagram of spot tracking system
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Tab.1 Results of the linear test

Slope

Maximum error(Range/mm)

Standard error

Position Total voltage/V

Without calibration With calibration Without calibration With calibration Without calibration With calibration

1 0.30-0.32 0.950 8 1.001 3
2 0.93-0.98 0.976 5 0.999 7
3 0.63-0.66 0.968 9 1.000 8
4 0.19-0.21 0.923 6 0.999 4

0.030(8)

0.036(8) 0.016(40) 0.000 83 0.000 10
0.032(8) 0.008(40) 0.000 58 0.000 08
0.050(8) 0.015(40) 0.009 60 0.000 28

0.011(40) 0.000 27 0.000 11
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Tab.2 Test of repositioning precision for servo

module and PSD

PSDI1 PSD2 PSD3 PSD4
/mm /mm /mm /mm

Point  Servo 1-3/mm

1 (0.002,0.003) 0.004 0.003 0.004 0.004
2 (2.000,2.001) 2.008 2.008 2.009 2.008

3 (=1.999,-2.000) -2.006 —-2.004 —-2.004 —2.004

4 (3.991,3.992) 4.005 4.003 4.003 4.004
—4.000

-4.001  -4.001

w

(=3.989,-3.990) -4.002
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