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Method for Verifying Milling Straight Edges Based on Phase Shifting Interferometer
WANG Qing, GU Yang
(Nanjing University of Science and Technology, Nanjing 201194, China)

Abstract: Milling straight edges is currently a vital standard gauge for the verification items of flatness. Two methods for measuring milling
straight edges based on phase shifting interferometer are put forward, whose advantages are non—contact, high sampling density and high accura-
cy frequency measurement. One is the sub—aperture stitching method; the other is the oblique incidence method. The simplification in verification
items was achieved by using standard optical flat directly and long optical flat was excluded in the items. Take ®150 mm phase shifting interferom-
eter and 300 mm milling straight edge as an example, this paper introduces the principles and measuring results of the two methods, and gets
flatness ( sparse points) from the data of phase shifting interferometer to keep to the requirements of the verification regulation. Finally, the author
summaries and estimates the uncertainty of measurement in contrast with the verification regulation. The normalized error of the two methods is less
than 0. 5.

Key words: flatness; long optical flat; milling straight edges; sub—aperture stitching; oblique incidence

1 BETERNANERE (0, T, w AT R R
AR W (50— B 0 A 5 1 B L 8, 1 e .
JIE AR R SR, 2 A T A ST S L j
PR, MR IO RS T ____{ _____ % e .-
(AL, LT A oo 28 1 7 1 56 4 41 IR 1 25 5L 3 2l e pATH AL
A ERHL, B R SWREIN S 2 () __ Tl I
2 FR) : MRS T S R R B, WA R op TAEAS
RIERGE, AEPIAF b B A Ay 8 I b Ak A 7R BT SER RIS T I 3 ML ]

PSS SR 22 MR D' 5t [T R 4T e 200 o B s 5, JF A

PR T s SRR 22 CRTIEAE AL ) MR A 137 400 B
FGL, PHICARS 5 13 A ] 43 9 3 OO 2R G
BT CCD 14 ZRAE I, 76 150 mm MHE 2T, 433k e
Sy LAGER] 0.2~0.3 mm, ABEEAVIE, RE R LIERSS

=] S St Y ™ F ek y b7 N
SIS, BITERRUCHIES RO T, AP —




iR

Bt ELK -39 .

FT AR A AL S
13(96, }’)_11<x, y)) <2>

b(x, y)=arctan(
Iy(x, y)—L(x, y)
MU I h A SAT IR S e A
TITE (v, y) K ETRE (/NGRS )
Ax, V= b, ) (3
T
BT (2) A EIE MRS, BT s 5t
JEHR MR TR g R — B SR S e 1
HER, XOZFAH T I B — AR TR
KL, OE TSRS R ERAS
LRI S 0% NS N ACTRD ST W) [1:7 S 0T B N U R S
Se iR (2) A BRAZ 52
— B, AR AL A A () fH
RS (AT ) | SR T4 WA B, o6 (42T
) [HAKE 28 (T RAT A R o A&l 3 i, &
FE T AT B A 0 i S, ARAS TR AR B
AL E BAT RO R W T AR R
FRBCAEITE, ME T WAE 2R I & FBA [ A
I ER

d(x-1,y-1) d(x.y-1) d(x+1,y-1)
d(x-1,y) d(x.y) d(x+1,y)
dix-1y+1) | dxy+l) d(e+1y+1)

T BT RAE AR <1mm

ST, SRFENIBG15~30 mm,
] (PR ERS5~8 mm)

3 ARRS T A5 ST (SR R KT L AR

[0(96, y>:I(1<x’ y)+la(x, y)COS[Qb(x, y)}
10, =10 )+, ) eos[ e, 1) +31=1(x, ¥) =L, (v, y)sinlé(x, )]

L(x, y)=1,(x, y)+,(x, y)cos[d(x, y)+m]=1,(x, y)-I,(x, y)cos[d(x, y)]

(1)

LGr, V=1, )G ) eosl e, )+ =1, 1)+, (e, P sinlb(x, 1)

2 FABEBTHMIPHENETTE

FHABRS T #5400 i K RO e AR s, e 87 B 19
PR — A 0 s B A R K BE 1 P (300 ~
500 mm) , SRIMAHES T ¥UFE AR D150 mm | T3]
@300 mm BF, TWALTEHAMAE ETET 2.5 £F, tnifer
an e As AT S A%, BIILEA @150 mm AHRS AN, fifi
FHPHEZ SRS A T R A He R R i

LA ER RN SRS B2 W S 5 TR U, 200 ~ 300
mm [P A T RO D EGE A LR PEHE DY
AT R 2 — 7E @150 mm MR D2, H
TSI 4 BN,

=P 2

(a) 210 mm&F-f (b) 310 mmK T~
Bl 4 K-S E S LR AR

WHERARZE AR E - S B TR 22, B8 4 X hr if
R P T TBIED, B4R LI 1 5 8 X I 1 2
YOS R 22 5 N SRR A ¢, B

W,(x, y) =W, (x, y)=ax+by+c (4)

K (4) A 3 ARHEE, WSS X kT
THBURHERE, WIRT LIS B PAS B BT A AR a, ,
by, ¢)Fl(a,, by, ¢,), TRAXFIEE: R80T LIS

A, =a,—a,

A,=b,-b, (5)

A, =c,—c,

TR 2 T A BRI, #(4,, A,, A)H
FR5FFLAR | AR R B, AT LA T AR5 P35
RIS EE SR G —, RAS I 4 A2 B T T B0
P 5 >4 300 mm BB IF R = A FFLARMNR A R, %1
SRFRIFES T FUR R IR A RS ( PR, R
THIR FIPHELS R, PHERTURE R, WG FLAR NS s 0T
e (R ) S B ) — st FLARIBARHR % (S S
Rl —PHE, AT 1A EIETEIR s AE )



<40 - IS

2018 % 38 K% 1 1

kLR

R (PV) :
B RME (RMS) -
EH (Power) :

0.392 Wave 248.3 nm
0.094 Wave  59.5 nm
-0.0171 Wave -10.8 nm

(a) 7423 (F)

jlEEES

IEAE (PV) - 0.245 Wave 154.8 nm
Y5 RAE (RMS) : 0.044 Wave 27.7 nm
Bi4E (Power) : -0.0009 Wave -0.6nm

(b) T2 (4

PHRER

R (PV) :
YITTHRME (RMS)
B4 (Power) :

0.304 Wave 192.6 nm
0.058 Wave 36.7 nm
-0.0234 Wave -14.8 nm

(c) FILA&EL D
5 R T R e s
E. FILAEREYEE 100 mm, A3 H R

A1 BEEFRMNEREHEL R ELR
FHFE/ pm
75 fLE/mm 25/ um
e H ] FHil
1 15 0.416 — — 0. 000
2 45 0.702 — — 0.210
3 75 0. 866 — — 0.299
4 105 0.984 0. 355 — 0. 340
5 135 1. 061 0.391 — 0.342
6 150 — 0. 406 — 0. 341
7 165 — 0.428 -0. 208 0. 346
8 195 — 0. 437 -0.279 0.320
9 225 — — —-0. 343 0. 303
10 255 — — -0. 485 0. 206
11 285 — — -0.738 0. 000

. FEE 5 0.346 pm

3 FIRABEBTFHUARANFIRTE

A SRR T I B A B R, nT DL/ E

Fe(an @150 mm ) {9 ¥ 0 A HH OIG SROBE ai 4 0 Bl N R
T, ROARPASSIA T i o RS DA 24— x5
Vit — A AP EARET i, 55— D R
AR S SR 458 (ST 2385 DR R I AR AR A B A 32 )

MG AIE 6,
LR

éjﬁj%m#

FRAET
6 BRI THF R ARSI

TERPASHAH, P50 B2 W o7 R
DTS PIR,  PRL AR 1 RO ZE SR W, (e, )
FHAREAIRS T WA BRI B HT Wy (2, v) o W7 fr
N, CYFREMOAERH b, OCFEAE G A=AB-AC, %
SRR AN 0, WIATHE = sRglun i,

BT

A=AB-AC
=L—AB + cos(m-20)
cosf
: (6)
=——(1+cos(260))
cost
= 2hcosb
T2, — TR ) R EOR T DA e T,
x h 1
WL(®7 Y>—XW0(96, Q’)—mWO(x, ¥) (7)
C \V
A
6 B
h

K7 RGN A ] A fh

K, AGHH 0 B—ANEENSE, — AW
FROTERARAT . — 2 BN o A AR, il i — A7
BG4, — Rl B A i, SRS K
JEA M REAE « 7 LR RAA L, J5—Fhr ki s g
17, AR E T U A AR RS A AT e T T R
P EHGAE R 0] LB R RS RT DL T

D P,
0050=f Fl (8)
X, DATWALIRE; LTS RKE; P
P,y SCATET U BRI 0 AR 5 0 1w R (5]



AR Hit 5Lk 41 -

BARZE%5H . N P, =332-33=299, P,=322-37=285; T &
FRA(T) A5 AL _LP,300.5x299
D P, LP, k"zDP2"2x150x285_1'051
Wll(x/<f'P7), y):ﬁwo(x’ y)ZkWO(x, 9’) (9) ] b o e o
1 2 £ 2 AIASIMX R R AR
%ﬁﬁgigiziQEEMﬁ%%mﬁsﬁm,%z Wii/mm  RREE/um F—fb/am AVEBYum
o AR 15 ~0.249 0. 000 0. 000
45 -0.024 0.221 0.232
75 0. 094 0.334 0.351
105 0. 136 0.372 0.391
ST 135 0. 131 0. 362 0. 380
ERE (PV) : \ (;.;16 Wave 579.5 nm 130 0-120 0348 0-366
B RAE (RMS) @ 0.212 Wave 134.0 nm 165 0.113 0.339 0.356
B (Power) :  -0.0462 Wave -29.2 nm 195 0.076 0. 298 0.313
225 0. 042 0.259 0.272
255 -0. 040 0.172 0. 181
285 -0.208 0. 000 0. 000

E: FEE N 0.391 pm
4 MELERMIW

8 RABIAT IV =4 ST FEARVRS 06 (X8 B 85 167 R0 2 o e
AWM, FEREBPRT, B RS2 T AT LA HEAE S T~ R A I A 7 ) AN 0 o A
AFLARA Ry 33 ~332, BRI 1T R ok 37 ~322, BOngE 3 s,
A3 MERAZ LA AE L (L=300 mm)
F5 N5 RHERE |
) PHEE T, AR TR S B B T R | B e iR ZET R, iREM AR 0.5 mm, 5]
Loy, VR O BRAET BE 22 4, N 0,006 pam, T YT AL A 2 1 R 3 B 2
EIRE e EEE0.5, B U, =0.006x0. 5%/3 =0.005(pm)
- ﬁﬁ*fﬁ?ﬁﬁﬂ‘%%‘(ﬁ‘za‘%ﬂjﬁﬁﬁ(l{&), A LUbR e AR BARE, #Fﬁfﬁﬂr/\ﬁﬂﬂﬂ‘%WE‘Jﬂ'{‘?ﬁ%%ﬁﬁ
2 Uy oo, o MRS SR, 7E 640 REEHE PR 2 MR, RAEN(8), B W, 8 0.7 pm, D
PRERZE 150 mm. L% 300 ., P, 4 400, T U, =0.002 pm
B XTFRASHN G, PFEE R T EIRIR AR ZE A KT 5 MEE, BIE(8), ik W, 00.7 pm,D
PR 150 mm, LW 300 wm, P/P,EI% 400, T U,=0.002 um
T A ARHTES T T LA U R ERES A PV<0.006 pm(A/100) (W LB S FE. 75 300 mm B
4 U, ARG ST RDHENA T, SRR 3 Yl T 0.5 115, U, =0.006X0. 5%/3 =0. 005( um)
HEEE fefiARUER, BT R, WEEEMER 0.01 pm, KL U, =0.01x0.5=0.005( pm)
s U, RETE i?%@ﬁﬁ@ﬁ¥R\ PR ahE A TS LEAPLEAIE . B A ENA RS T 950 &b AU S T 7 R 35 3
" HJCE, DLW L2,
6 U R fij&%ﬁrﬁ&?%ﬁ&%ﬁ%ﬁﬁéﬁﬂ?ﬁE@%ﬂlﬂ, FEHLER 0. 05°%F 300 mm AF S IV R FE N . Uy, =
. m
bR IR T T T W T 0. 01 pum) MBS XEEEA S B B, 78 B BTHRRET
7 U,  TAEm  dEMSE, 4AEF 0.5, U, =0.01x0.5x/2 =0.007( um)
PHIEE BRI RS, SWIEADE, BHIE U, =0.01x0. 5x3=0.015( wm)
B S R PR, T B R ARVE S R A IR Z AR, 5T D=150 mm B9 F XN E L=
8 Uy, AYEsiiit 300 mmF&, HRIKERETRZE 0.006 wm, FAHIC. G RE0.5 115
Uy, =0. 006x0. 5%(300/150)>=0. 012( pm)

BIARERNTEE U, PHENE . 0.030 pm; BEASHIE . 0.024 um
EAEE Uy (k=3) PHEIE . 0.090 pm; AIAGSIE. 0.071 um




- 42 - Bt ELK

2018 % 38 A% 14

T S TSP RO B 32 D00 3 R ARk A S 0 22 SR Oh
0.045 pm, HAAIEEES—FrELr, WK 9 Fin, Pif
W 7 I — AR 220 En (/N T 1, DB 2
TEA BETU Z N

0.391-0. 346

En= =0. 45
2x4/0. 0307 +0. 024>

—— {R I

—m— B

0.6 -

04

02}

0 1 1 1 1 1 1 1 1 1 1
12 3 4 5 6 7 8 9 10 11

PO I FHARRS A P A i A AT T RO 23

5 % x o
[1] ExE SRS SE, BERmECEEZERS. G
661-2004 ST ¥ AUk e AR [ ST, dtat, hEI &
H AL, 2004.
[2] #eflf, £, maal, % . BT oRam 5 Eprr

HELM]. dbst. BegHiRst, 2009.

(3] 7, BHtE, W&, 5. —M TR Rah 25
FERBIEITH: . 201110106489. 7[ P].

[4] BFRGEEBRERE SR, EBRRMELEEZE L% ]I
740-2005 WS Rk AR S]. dbat. R W
#1, 2005.

[5] ERFEEBRGEHEERR, BERRELEBRER S JIF
1117-2010 P+ X E AR MM ST, Jbnt. hETHE 1R
#, 2010.

KRB 2017-09-19; f&EIHHE: 2017-12-18
E£WH: EEEELTHITK(2013YQ150829)

FH(1963-), LM A, Ju=2 4
G, TR S VLA
WAL BT B AR B 7 i R
RIS REI K, P EDRS RSO S0,
PEIRESER SR, FEHRT IR
e et MG,

1985 4, Bl Tl K=Y MR, W
TEEE T A TR T T RSB AR R, BTt
TR 2011 SEiF & 5 B R A0 57 oA FARBI B B A
M, FFIRME 10 230 E ZNA TR il

IS IR S11IE SI1IE IR SHIIE SYIIE VIR 2HIR <HHIE <UIR SUIIE SUIIE JTIIR SNIE VIS SNIR 2HHIR <TUIR 2HIE JHIIE JUIIE VIR SNIR VIR 2HIR <INIE SI1IE SR JUIE NS VIR 2NIR 2HHIE <HIE <IIE SUIIE JUIIE SIS SUIS NS 2HHIR S1UIR HIE SR JUIIE JYIIR JNIIR 2HIR <HIIE 2]

= A FR M E PN E 4 77 7% T R IR F 2547

2018 1 H 10 H, = Ak ARyl £ AL 2 A I
R AH 5 G i/ B HERLTE B L7 3 B VI PEAE BRI T
PE, ARURERI T N2 = AR AL o g ISy
AN “ 50 AT 55 A ¢ 1Y [ P A1 bk o i
B JUAAT AR AR I R AR B SRR B TR AR
it B A M A 5T Be . IRINT rp EIASCES dr A BR A
FIHATEARACUR, RO SEBR TAE rh ol 2 iy [a)

1 A 12 H B, $5IBEL ZR5 5L —17 50 X A%
Vi EUL RS, BRRSWRET, ST, Mot T
0, FOET WAL, SRR I IR ML A ) 4S5 T
SITARZHE, REAE N K86 00 A3 1 52 BR R |
HARSH, REIEHSES T/EN R, WA,
— AT NBCR B S E AT R, RS B A BR A
A A ) SR AAE AL . BRI i Kok
R SRR 55 Ty T R RZAE T A A, RSk
LR R, ZEhEEEH P, WAk T H
BULES YRS, X T IZ 20 w5 |40 7 I S A 1 2

TR A R R

Bl Z bR, M R 5 B A & )
WA VEZS ], I W B RERE I e A 7 B 22 5
HERI AR, b L AR

(F 1)



