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Optical Design for Off-axis All-reflective Schmidt System
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Abstract: In order to satisfy the optical imaging system of ultraviolet (UV) focal plane arrays with wide
spectrum and large field of view design demands, all-reflective Schmidt system was studied. Based on
wavefront analysis at the center of curvature of a spherical mirror, the equations of refractive and
reflective Schmidt correctors were derived. For avoiding central obscuration, the off-axis all-reflective
Schmidt system was established which was characterized by the 240 nm~950 nm wide spectrum and £5°
field of view , the design results show that when A=0. 24 ym,u:,,:5°,Af<0. 0315
in the depth of focus and the image quality reaches the diffraction limit. The optical design method for

mm, the detection is

Schmidt system can be applied to the UV imaging system with high resolution and wide spectrum.
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OCIS Codes: 220. 27403 220.4830; 110.6770; 040.7190; 220. 1250

0 35
SLANGAE R ST L 4 S 4 L K RO Y v A
{8 Bk Mz B FAT L2002 4E, EEILFE 2ok K

SR A Bl A OM SE g E R B R T 128 X128 I
320 X 256 FLAK B AT UL Y6 H M H B 2 4 AlGaN-pin £ F
1 IF AT T RS RS SEE T LK TR AlGaN £ F
TaT %A% 5 4 38 3 134 i 38 ( Microchannel Plate, MCP) I
6 HEL BRI AR 1 A7 ' 4 5 RO R B 3 1 22 CCD A% 11 5

ELWB . B R E S 5T & BT (No. 2011CB013206) 9% Bl

A R P L AR AT R R L?ﬁﬁz?ﬁ%ﬂ
WF 9% B 76 [ T R T AlGaN 3 %8 41 £ 57 i BF 52

il s P fiE 320256 H H % 4h AlGaN ﬁ/ﬁgﬁﬁﬁ
HILL K AlGaN/PZT BkFS S /2140 B0 B 2%
A58 AR B A B 07 R TR SRR A 5 AR R
HAW ST/ ARG S A S RN A 5 R &
G 5 AEAE T B i A5 58 S0 15 T UL D s 41 4h
JEAHEE & 1 TE B BERB Ot A RGBT R I I AT

=11
I .

E—1EE . FEEMAQITL—) B s A, EEM I M N EFE AR 53 K. Email : leicd2012@ foxmail. com

YR B 2014-04-29; A B H.2014-07-24

http : // www . photon . ac. cn

1122002-1



ot T

25 5SS AN T8 BOL 2 R GEIN 32 58 40328 55 44 R 1Y
IR o e L 4 9 B € 2 PR B g O 2 R
G RAT ARG A R RGN R EMMK ARG H
2 FUSHCARAR A A AR /N LT 4 i ) it % 4 B A
B M A TE MR BR 22 B9 [R) I O A S AR IE AR A
HEA KM 62 052 BB BFmat
FRGEE R AT B DA A RO RO R B
T 5 5 S I BER AL AR D T 2 A ] pe 4

ASCHM A ZEMAX Bt #opF . it 1 Al 4 e At
A ST KA 06 5 AR FR 8 - B 501 5O 3 A
& R GERI BT S+ RG22 w23 A7 O ik S T it
BRI AR D A L T LA G 2 D B A T A S
L TR D e N R g /A WB 1 S I 9 <
IR Y I

1 MERHRERTRE

8 2 T 55 3 19 ) 1A 23 it %% e BE 0 A R T v T AR
FUS EME A 1 TR G T R/2 A0 T
Wi MFERS R EMAE M SG=MXR/2, u=
0 W GE £, “PATICHN 2, BB 7~ BT AR A7 8 Bk Sy rh R A
Mr ##R.4%K=/F/RR.M=1//1—K —1,K-M %
F & anE 2 pros.

Zw(r)

0 (1+M)R/2R/2
\ \

M=1  M=0 M=l
Bl bR S &3R5 G0N
Fig. 1 Wavefront from a source point S after
reflection at a spherical mirror
0.8F
0.6F
= 04f
02
0 i : :
0 0.2 0.4 0.6 0.8
K
W2 K-M*%uH4%
Fig. 2 Plot of KM
HE 1A
L, +1,=(3—MR/2 @)
Zw=Rcos v—1[,cos u 2)

¥k
r=Rsin v—1,sin u (3)
lycos (2v—u) =Rcos v—I,sin u 4)
=G+ 2M+M)OR /4— (1 +MYR*cos v (5
K Zw IR S mUK B GCLR 2 BR TG B 7E 3K O
A B R T S Zw TR N
Zw=2 6. A" /R (6)

S A, K8 UOT R AL - R IE BRI LR O BR 1
.

& o= r/R. 3 (6) #4717 — fb, Hh Zw/R =
S A" =cos v 1, cos . AT Th % ARG HLR F L 15 I
A, BT R RIS

1 d"Zw
=il i )H 7
Lemaitre %f 2 (7) #E47 5K i, 15 3
y M~ 71 MA-MD -
“ 1+MR [4 (1—]\/1)(1+1\/I)3:|R3
3 2MA+M—M'  3M® S
[8 (1+M)° Z(IJFJ\/[)Z]R5
45 v’
[a 4M—|—‘--}ﬁ (8)

HAF=MEH N

A, =M/(1+M)

JAL—1/4M<1M*>/<1M><1+M>3

lAG3/8—2M(1+M—M*)/(1+M)5—

3M?/2(1+M)*

it 2 FE R IE RN S s A I AT Zw () #EATAL IE 40
F 3 xR IEM P DIEE R d, 2 W E - AR R
d, SRIEBRITHEHR n, NE 3T LLFEHR L, I R
AT, G IEMGE S G - AE T BRO A P T L L 1
BRI R nd, I ERTAELEMRR R nd, +PQ=

nd,+d,—d,.
MARX
~
;"\_ w(r)
I \
aamuile
A
Iy S/ G V
—> > {7 1 Z>
Ll d, R
0 R/2
d,
B3 ks EAE
Fig.3 The diagram of wavefront compensation

R 418 10 T 2 AH G 1 G 3R 7 A X
nd,—nd,—(d,—d,) =—Zw(r)

AT
(n—1D({d,—d,)=—Zw(r)

K. (= DR IER F.d, —d, 8 IE M A, mf

1122002- 2



TR 5F B A SN I R R i

}EHZ()m%%;T_\‘y‘]
Z()]n:i L Zw=— L 2/1:2.4.6.---An’””/Rr]
n—1 n—1
2RI N
_ 1 _ 1 M ii 1
Zow =T =% T (n—1>{1+MR [4
M(1—M?*) }L‘_[iiﬂ\/l(lﬁLM—M:ﬁ)i
A—MAA+M? R 8 (1+M)°
3M? r° 45 r’
T R et M ) @

OO AR T 33 5 =A% A Y 1w B 7 AR xR s =it
BRI IE AR A R — 5 Y BE A RE AR A T L 5 fh A
s WHBRHE B RCIE AR OGRS

Ziit = Z o COS Us Xy = TCOS U

riy=xa"cos’” uty’

4 Zas rin FTARAK D, Bl n=—1, 1% 2| il
R IEAR T #E N

1 (cos w2 +y  ((cos w'a"+y)"
Zon ~ 2cos u[ : R A R
A, ((cos u)l“e;r“er“) 7:| 10)

1T B A IE AR A A7 7R (B 22 v PR Al R e HT 0. 707, 1t
o T e G

2 BHERMEEHRSE

NSO EABURE A RS TE AR O 5 G 2 D 2R (]
WAL 4 Ca) Tl B D' RHE Y L A S O 2 S Bl A

S
n
=

4

(a) On-axis incidence (b) Off-axis incidence

B4 ARAETHRETHELEN
Fig. 4 Configurations of all-reflective Schmidt telescope
S5 IR 4 (h) S BOGZR A A1 A e, 45T IEDOG Rl FE 2
P, B TE AR B G B BE B 7o BEIE AR B Bl 2 B IE AR
fL42 D,

hu=Rsin (u/2) (1D
hp=Rsin (u/2)/cos u (12)
i=arcsin (hpcos u/R) (13)
ht=Rsin (i+u) (14)
D<{2(Rsin (i+u)—hp) (15)

MR /NS s hp~hu, DA~4hu,u5 D/hulf) 5% Z WK 5.

D/hu
(3]

(=]

5 10 15
ul(®)

BH5 AN#MulD/huthsk
Fig.5 Plot of wD/hu

00 Ak B 2k 48 R A% 1E A R 5 5 7R 3R i 32 4%
T2 B B E S6BE . F 7 5 10 L £ Wae s & 4 5108 -
D, =D« cos (utWz), 5k . LA =(D./2)*/8f. Y4
B IEAR ST FEAN G T ER 22 0, = Wa KRR A1 R %
% D =200 mm,A=1/5,R=2 000 mm, F| fj =
10) , sk F 40 1H R R 3 M ek 22 an & 6 i

7N AR T I B R L3 K, Bk 25 I B K.
100

80 -

60 -

r/mm

40

15 -10 05 0 05 10 15 20
LA’ /(10°mm)

M6 FTHmeviliyfbsksdk

Fig. 6 Plot of Wa-LA’ () at the meridian plane
3 EEREREZFAFZRAFIEZITE

i)

2 15 A AN HEAN B 7. B T LR th
ARSGTE AR AR I X 3R 230 ~290 nm 22 [0] , 2 S ] 15
AEE K 240 nm K AN K ETE 240 nm L | LR
LT AN IR B KB 950 nm DL R SE PR

600

200

Photon number

0.17 0.20 0.23 0.26 0.29
Wavelength/pm

H7 X=%8R0NEINETE
Fig. 7 Ultraviolet radiant spectrum of the sky

S HMRIN A 18 F vl HOR Wy BT 5T BT WF A H
BN 320 X256 AlGaN £ i PRI &% L {5 o0 Hho B
<30 pmL 4 E R SF 19,815, 9 mm” AR 1 R FH 2 X 8

1122002- 3



ot T

YA W 2 DFF T R 1P TR AR R =15, 9 mm,
IO W ERE O f = h/tan(w/2) =15, 9/tan
(1°)=910. 9 mm, f BEEC 1 m, JIF 2 3K i S g 5 it 3
242 R=2f=2 000 mm.

I, P Mg AE —Eaa, 157, [,
SRR AR S A B 5°. 25 BB 5 i 43 )6 JT 14 1 AR
% hu, B35 mm, & MR LR D=4hu, =140 mm, B
LD 3R I RS TE ARG O RS A s B

u, =2arcsin (hu/R) =2arcsin (70/2000) =2.0°

T S R A A w, =, +1.5°=3.5", &I #
— B IUAYE A°. BEE R ol

hu, =Rsin (4°/2) =70 mm,

i=arcsin(hpcos (u,)/R)=2°
A TF B S Al i

ht=Rsin (i+u,—1.5°) =157 mm.

W E AR IO, 707, 7, =0. 707 « D/2=49, 49 mm,
K=6.123e-4,M=3.063¢-4,F FHX (10) 73 B >R H 4% 1

B ST R TR RO B 0 2% et —
1 A, 1 A
2cos uR' "~ * 2cos uR’’
KA EE R A B ZEMAX 17 iR Ak &k
THE Rk 1.
x1 BHEESHREBRAFRFEITSE
Table 1 Design parameters of off-axis all-reflective
Schmidt optical system
Surface  Type  Radius Thickness Glass Semi-Diameter
OBJ  Standard Infinity Infinity - Infinity
1 Standard Infinity 2000 - 252.647
STO Even  Infinity —1999. 83 Mirror 231.605
Asphere
3 Standard 2000  994. 446 Mirror 256.132
IMA Standard 1008 - - 129. 975
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