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Fig. 1. Schematic of surface scattering.
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Fig. 2. Direction vectors used in the Harvey-Shack
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Fig. 7. (color online) The PSD function determined from four different metrology instruments.

3 ETwRH 7R E 0 &5 H
EH P 2 ] 6, O T S B T S SR O 1) B T
BRI E R 0 A
Bs = (sin b5 cos gy, sin b sin @y), (9)
Bo = (sin b, cos @, sin f, sin ¢,), (10)
o, 65 1 g 43 ) U D64 B4 fa A1 T A7 A4, 6,
R o 73 A BT S 2 AN A7 5 77 6 A
% aq = sin g cos @, Bq = sinfsin g, a, =
sin 6, cos @,, B = sin b, sin @, MH
1Bs — Bol = V(Ba — Bo)? + (aa — a0)?.  (11)
R SOL 72
sin 6 cos s — sin 6, cos @,
f:t = \ )

(12a)

sin 6 sin s — sin 0, sin @,

fy = 5 ) (12b)
CER RS
f=\E+1
_ V(Ba— 50)2>\+ (@q — ao)? (13)
BeS7 (11) A1 (13) 2 nr 15
fZIﬁs;Boll (14)

FH TUAR 6 8638 75 75 1 3R 15 |Bs — Bo| HUE
JulEl fa, @k (14) XBP ] A s R SCE R R S
HRBOGAE T R 7 A A9 2 5 B Ok A AR T B
oy & g1 FHUR G R o A e SLAR M Q N, SRR
Z A B B (partial integrated scattering,
PIS). fE77 AR 5275 1], G dS2 = sinfsdbsdps =
dagdBa/ cos by, B 5 HIARA Q2 FITEUT REE N

PIS = // BSDF(|Bs — Bol) sin s cos s dbsdps
gsyﬂos

_ // 5 BSDF(v/(Ba — Bo)? + (aa — ao)?)daqda. (15)

194201-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 66, No. 19 (2017) 194201

(15) 2 AOAR 23 3 3 T IO for L A e K, HL
FEARA RN, Svfeitbiz &, RS — AL BRI
BRI 5k, R BB 48 E N B (o, Bo)
[ R R 20 DX 3, HAME NPT AL E |Bs — Bo| T
BRKAE |Bs — Bolmax, FNENIAAE |B; — Bol
I EIME |Bs — Bolmin, W8 FT7R, BRE (15) 2
ffite A

27—( |,3§_ﬁo‘ max
PIS = / / BSDF(r)rdrde
0 ‘,@ *ﬁolm'n

Ilgsfﬁo‘max
= 27‘(/ BSDF(r)rdr. (16)
‘ﬁs_ﬁolm‘n

1Bs— Bolmax

K8 4 PIS KIS X 45

Fig. 8. The integral area for calculating PIS.

#(4) X AN (16) X, 75 2 PIS 1 f# b7 =

B
2 _ 2 5+1
T(bol 1+ |IBb IBO max
s/2+1 2
|,35 — :30 I2nin LA
- (1 e :
PIS={ 54 _o (17)

2 2
ol In (llz i ||gss - Z f?‘;a;‘) ,
s = —2.

#1Bs — Bolmin = 0, |Bs — Bolmax = 1, (17)
AR (5) X, K TIS K2 PIS RIS L.

BT (2) G TAERLH R, P& A
T PIS T 5, SRR SR TAHURE B i oy AR

4ToN_ ¢ cos b; 2

T

WA (17) A1 (18) X, "I 15 % ox_, 5 BSDF 1Y
KRN FHREOC DK D I A oy
T I 4 OB M BE, TR € 3R IO RS E 4R AR
e, BT o R85 5 gy 10— Bolmin

A
|/Bs - /30|rnax

PIS ~ < (18)

TN TE LA MET 5, B8 AF 7 v 75 44 i 2 T R
it FEE 775 T R A R

4 B oM

MFT &2 [ 2011 442 H PR RBHR & T
KU 32 B for, HEEEB I M1 m D2 E
BALE S A UEE B AL K. 9 & MFT B 8ot
HonE K, & 12MFT % IER S5 KX
MFT 5k ff #32', i KT MFT #1357 2.8’ x2.8', K1t
TR PR E 4K N A e,
FTH U 2 7 L PR AR R S e b P2 Akt B
FERE FE$2 P R 23R, BASIRI MFT 1 =5 14 B A
R I A BOGRE B /DT — B A0,
WMy R T H i B R T — P U

PM

Polarizer
Field stop

M1
Collimator
MQ“;)i—ﬁ B |CCD

Imaging lens L |
2D real-time spectrometer

B9 MFT EEfgsnrE

Fig. 9. Schematic of optical path of MFT.
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Table 1. Optical parameters of MFT.

Focal length: 38500 mm
Field of View: 2.8'x2.8'
Spectral bandwidth: 393—656 nm

Diameter: 1000 mm
Spatial resolution 0.1”—0.15"
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Fig. 11. (color online) The curves of |Bs — Bo|fmax and
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Table 2. Surface roughness indexes.
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Fig. 13. (color online) The resistance against slope s of
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Abstract

Scattering introduced by optical surface fabrication errors could degrade optical performance severely. Therefore, the
optical designers are required to provide a roughness index for describing the specific surface or even all surfaces to ensure
the final imaging performance. The surface root-mean-square (RMS) roughness is a common index to quantify surface
topography. And there are also some available methods to acquire the surface RMS roughness based on bidirectional
scattering distribution function theory or the angle spread function theory. However, the influence of the optical surface
scattering on the optical system cannot be accurately revealed by the surface RMS roughness determined by these
methods. On the one hand, the RMS roughness corresponds to an excessively wide spatial frequency range from 0 to 1/,
where ) is the wavelength of the light. Consequently, it is difficult to measure the RMS roughness during manufacture.
On the other hand, what really worsens the stray light performance of the system is only the surface profile located
within a certain subinterval of the aforementioned frequency range, to put it in another way, the surface RMS roughness
identified by the methods above is incompetent to quantify the amount of the energy that is surfacescattered to the
detector. To address the issues above, in this paper we propose a novel approach to identifying the surface roughness.
This method seeks to deduce the relation between optical surface RMS roughness and the stray light requirement of the
system by dint of partial integrated scattering (PIS). In contrast to total integrated scattering, PIS counts the scattering
light energy that could reach the detector. Hence, the RMS roughness identified in this way corresponds to the effective
spatial frequency range that contributes to the stray light in the system. Firstly, the effective frequency range concerned
with the system stray light level is identified through the analysis of the propagation path of the scattered light. Then,
the surface RMS roughness would be measured within the established range according to the stray light requirement of
the system and used to control the surface roughness as the roughness index during the optical manufacture process.
The method not only considers the scattering as the surface characteristic, but also takes into account the influence
of scattering on the system. Taking the solar magnetic field telescope (MFT) for example, the validity of the method
is verified by comparing with the traditional methods. As manifested in the outcome, the effective frequency range of
primary mirror is from 0 to 18 mm™!, and the surface RMS roughness identified in such a new way can stage the stray

light performance of MFT in a more precise manner, which is more reliable to serve as a surface roughness index.

Keywords: surface roughness, stray light, total integrated scattering, bidirectional scattering distribu-

tion function

PACS: 42.25.Fx, 42.15.- DOI: 10.7498/aps.66.194201

* Project supported by the National Natural Science Foundation of China (Grant No. U1231204).

1 Corresponding author. E-mail: syansong@163.com

194201-9


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.194201

	1引    言
	2表面粗糙度影响的理论基础
	2.1 TIS与之间的关系
	Fig 1

	2.2 TIS与BSDF之间的关系
	Fig 2
	Fig 3

	2.3 控制表面粗糙度的局限性
	Fig 4
	Fig 5
	Fig 6
	Fig 7


	3基于带限均方根粗糙度的表面控制 方法
	Fig 8

	4实例分析
	Fig 9
	Table 1
	Fig 10
	Fig 11
	Fig 12
	Table 2
	Fig 13


	5结    论
	References
	Abstract

