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Abstract Optical trap stiffness of the optical tweezers must be accurately calibrated, before it is used to measure the
mechanical characteristics of submicron particles or biological macromolecules. It is very important to choose a
precise calibration method for exact measurement. With Monte-Carlo method, the signal sequence of displacement
varies with time during five seconds for a particle in optical trap is simulated, and the simulative sampling frequency
is 10° Hz. The optical trap stiffness is calibrated by three thermal-noise-driven analysis methods based on the
experimental data in the condition of different noise levels and optical trap deviations. The results show that the ideal
errors are all less than 2.5% for the three methods. The errors introduced by optical trap deviation can be eliminated
when we calibrate the trap stiffness with the new coordinate of the particle’s displacement sequence, which is the
difference between the original coordinate and its average. The mean square displacement method (MSDM) has a
better anti-noise ability than the Boltzmann distribution method (BDM) and power spectrum method (PSM).
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Table 1 Comparison of the optical trap stiffness errors of

three calibration methods (#"=1.40X10° kg/s*)

Power Boltzmann Mean square
Calibration o i
spectrum distribution  displacement
method
method &, method %, method &,
Optical trap
stiffness 1.41 1.43 1.41
/(10 " kg/s?)
Error | )1 .
.0 . .0
dei/ %

F 1 iR 2E 77 AR JE R B TR AT SE 0T IR A
) PR ARAT FE L 7 RAE TP 22 T — S = R A T X 2
R AT 11 220 35 T B8 0 (et (BN S (14) 5K
AT, BT W 800N (A5 0 B R (A (B R R . X
SANERIR By A BB BT (D B =R
A% B B 6 BRI 5 LA AR L e . T AR R 2
AN [R) 1 i DR = s 22 7 1 A B T A [ T 5
(. (2 AEURE X 1% 22 38/ T 20 500, R WAL 5L
P ERATIY .
3.3 EABHRBIRESN

IR By T 43 A1 16 S BRI E b 2 ) 0 o i3 2
BORAMA T DOCBHR R SR R iR 2 BDE
B S H s 55 3 1 A b i AT 22 D) ) A 25 5 DA R SR 5
R OR AR RTINS T e 4 U LN <o ol T = [ =
2) o7 B P AR R 25 . RT A d XoF S G B
T A B 5 S B B O A% 1R 25 L 43 S0l 45 0 B SR 0
BRI 0.2X10%,0.4X10 %,0.6X10 *,0.8X
107%F1 1. 0X10™° m fj B8 & , 15 547 4 15 B G Bk f
1R 22 LR T 91 L AR J5 43 0 T = b 5 s - AT A A

L5
1.4 5 : . B a

: .o

> 13 A

& .kt *

§ 1.2 .k;m - A

o o
: vk, .
1.0 1 1 1 1 )

0 2 4 6 8 10

Ax /nm

P05 b W BE (i B O B i B 2k 1 25 3R

Fig. 5 Calibration stiffness versus optical trap deviation
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Fig. 6 Calibration stiffness versus error factor
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