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Photon Correlation Spectroscopy for Nano-particle Diameter Measurement
with Weighted Nonnegative Least Squares

SHAN Liang, KONG Ming
(College of Information Engineering , China Jiliang University , Hangzhou 310018, China)

Abstract: To reduce the effect of noise on inversion result of grain diameter in nano-particle
diameter measurement using photon correlation spectroscopy, a nano-particle diameter computing
method is proposed based on photon correlation spectroscopy with nonnegative least squares.
Photon correlation spectroscopy itself is as the weight to derive discrete model of inversion
algorithm and avoid the influence of data fluctuation close to zero. The 90 nm, 190 nm and mixed
latex particles are measured by the photon correlation spectroscopy equipment and compared with
the traditional nonnegative least squares. The 30 experimental data in 60 seconds indicate that in
the inversion of unimodal paticle group, the results of present method is close to traditional
nonnegative least squares but variance of multiple repeated measurement is smaller which proves
good repeatability of present method; in the inversion of multimodal particles, the results of
present method are much closer to true values of diameters, however, the results of nonnegative
least squares deviate more from true values. Experimental data of different measurement time
show that in a short period of time, variance of present method is smaller and it can obtain more
accurate results in a shorter period of time.

Key words: Photon correlation spectroscopy; Nonnegative Least Square (NNLS); Weighted;
Nano-particle diameter
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Fig. 1

Set-up diagram of photon correlation spectroscopy



686 n F

AR 12 %

5ABGE R 90 BE £f J5 1] 10 i 3 Wi 4R 2 U &
b B AH DG A FER AT O 0 HAH OC bR B 38 1 AL
AR PR KA.

FIH DL B S25K S & X% 90 nm, 190 nm FIRE &
(90 nm 190 nm) {4 FL B UK 3E 4T 52 3 BIF 5% 43 ] ik
B[] B 00 SR R B ] (30,60,120,240,480 s) , 7E
T Al SR A B[] b 0[] — FEAS AT 30 YR A FRAT
R DGR B AH OC eR B JF R FHAE bR/ 3 ik
TALAE B f5e 7N — 38 76 6 S50k A A8 E 47 s

Mrog8 WK 2 &3 1 AT LLE H . % F 90 nm Al
190 nm 14 5 U JURL o 75 ol J7 32 # 18 5 4t S B0 5
RLRLAR B S AR T R /I 3 B RUIACIE 7 e/
ek R 5 i 30 Yk A ST ¥ AE 43 B A 90. 52,
191. 41 1 90. 10,189. 46 , 7 J 4% 5 M &5 45 30 5 H J2
>R FHAR B de /N e 1 S 45 R 7 25 LR L 4 Sl
2 R 28. 37 . 1117 SR AR SCEE H R A AR 671 5 /s — 3fe i
SR Z R T7 25 L8 /N 43 33l Ry 0. 68 F16. 08, AT WL fin
R /> 3 v B3 9 o T 45 SR B a0 Bl /N L AR

X £ B[R] Sy 60 s BF Y 30 Yl & i AT GE it E VAR L0
93.0 T + T T o 205 200 ' ' . — .
92,5 * S@QXVQSXQVVVXVVZVV 88vgvv38g8‘
£ 920 1E 200 o EI80F © 5 T o000
£ ’ + + + £ & % =
g g:(S) + =] . o * 1 E 105 R o o %’ 160
g i o 8 o+ oo 12 o o o | &
g 905 0 a o *DDQ o g 0+ il é v A ’ v() ¢ Vo vo g 140
@ 90.0 + o+ . o 99 190 v o 0%Y Yoo g v 2
L 895 oo o " S v Vov v ¥ ey - E 120
5 . L= * 1e v v o
A 89.0 a* @ & 185 0® oo 7 of & TOO F#a* s ¥ tbatuun Mo pranar ¥ 4,1
88.5 I+ o* o * 1 ¢ p00pOooopoBfonfopgnogpPoogopopo
880 Lo . T . L — 80 ‘
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30

Measure number
(a) 90nm

Unimodal distribution particle

Measure number
(b) 190nm

Unimodal distribution particle

Measure number
(c) 90nm and 190nm
Unimodal distribution particle

Note: Star is 90 nm particle which is inversed by NNLS; Square is 90 nm particle which is inversed by weighted NNLS; Prismatic is190 nm
particle which is inversed by NNLS; Triangle(down) is 190 nm particle which is inversed by weighted NNLS

" 2

Bk ROE & RGN E A 60 s)

Fig. 2 Particles inversion result(measurement time 60s)

F1 MABHRELER %FF 90 nm A1 190 nm JE & PORL L, AR 7
Table 1 Inversion result of nano-particles %/J\:ﬁ%ﬁ{gé%%ﬁ}% VE R EQQ{E ) ﬁﬁEﬂE ﬁl
Measured NNLS Weighted I . .
Ca:.urlc AVE/mm VAR AVE/Clg CVAR S5 N 7 R N A i S N (I ST N [ =
particle nm nm
90 190 & 5 H7 95k E| 11,709
90 nm 90.52  2.00  90.10  0.68 nmdAl o P RURL i 22 733 15 5 il
190 nm 191,41 28.37 189.46  6.08 3. 1906, T i 5 SR 1y 22 5 B JURL AR AT 0L
Mixeg 0 mm peak  100.53  1.83  90.83  0.67 AN ] ) S5 Bof R) A0 R 2 SR Oy 25 DL TR 3 Ur
PC100 nm peak  183.94 3224 183.31  6.72 TR > T LU H I 45 R 1 75 2 W SR K B 1] e 2 o T
_ 45 _ 50 45—
2 40l g 45 2401
EETIN Faf Sas|
S i S 35 \ S 1
230} 2 i 2 30 \
Q | 2 30 \ L \
g 25 ! 5 ¢ 525 )
g “ a 25 \ =9 A
S 2.0 X S 20 Y B 20 Y
8 1 5 kY g i 8 15 b
g \ g 15 \ k| N T g o
5 1.0 Mol g 10} = e 510 T SN Sttt ittt )
> 05 Lo Ere o Sy | P i S e a o

5 n
0 100 200 300 400 500 0 100 200

Sample time/s
(a) 90nm
Unimodal distribution particle

Sample time/s
(b) 190nm
Unimodal distribution particle

300 400 500 i 0 100 200 300 400 500
Sample time/s
(¢) 90nm and 190nm
Unimodal distribution particle

Note: Star is 90 nm particle which is inversed by NNLS; Square is 90 nm particle which is inversed by weighted NNLS; Prismatic is 190 nm
particle which is inversed by NNLS; Triangle(down) is 190 nm particle which is inversed by weighted NNLS

A 3

FRMERE LR FENERESERT £

Fig. 3 Particles inversion result(different measurement time)
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