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The design of day-and-night objective with hybrid
refractive-diffractive elements
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Abstract

In this project, we will design a day
and night hybrid objective, using
aspheric plastic or diffractive-refractive
lens. With this method, the restriction of
less categories of plastic lens, and heavy
of traditional refractive lens can be
improved, which means that the new
type of lens can have wider wavelength
band than the conventional aspheric
plastic and refractive lens design. The
design wavelength covers both visible
and near infrared. Therefore the lens can
work on day and night.

The benefits of plastic lens are mass
production, low prices, lightweight, and
using aspheric surface design freely. As



mentioned above, the less kinds of
plastic lens and low contribution to
chromatic aberration correction for
aspheric surface are the restrictions of
conventional plastic lens. Therefore,
even using aspheric surface to balance
the nasty off-axis monochromatic
aberration, the chromatic aberration is
still difficult to overcome, not to
mention design a double band lens with
conventional plastic lens, working on
day and night. However, the hybrid
diffractive-refractive optics can
compensate the drawback of
conventional lens design. Not only can
it correct the chromatic aberration, but
also reduce the number of the lenses,
which means lower the weight of the
lens.

The new type hybrid lens, with the aid
of diffractive-refractive or aspheric
surfaces, will be useful in science,
industry, commerce, military, and other

relative field application.

Keywords: Aspheric, Diffractive Optics,
Binary Optics, Lens Design, Optical

Design, Imaging Lens, Plastic Lens,
Aberration
Z ~%d Eph

i 4% m%ﬁ‘g\:lg\mi«——'\?ﬂl};ﬁﬁ

EHT S BUBRTERE oL
ZRLTT o dept 2 R 1 FAF e
ArAEGA N ERE AH Ay
LI REEE g E ] il
T o e REE £ Hl ¢ TR
b R [1-4] hm HEBT R
LR E Y o Bk B enE T

A

‘i\:

L

fie o FEDYY > AP TR £
P s * 4REF KPR Mg ok
U LA - FESRSLE EL,%
FRdgEd P~ &d B2k BoohbEg
BT RIS H s (T DT o
I BHA
HEirsR £ L5 &2 0K
B (total power) % % d £V 4 &

[5]:

BER P +9 =0 (D
e d £ 0 g 14" =9 44 (2)

FRFAE G Ao PSS SRR
kR ACE A BB G

/J’C

_‘c (3)
Pc ) Py

_e (4)
P 7, Pq

He4rsm Al ¢ LM 1

v

BAfea i

¢ vV -V ®
\Y

¢ vV -V ©
T~ BEEH

AR SRS F T N g
@ﬁii A .’%Jﬁ*“'@
}5 ﬁfF' 2 g4 4 b %ﬁll A ¥
L B AR - B RS

- /ﬂgi‘—ﬁiﬁvk

P

EE EFL 100 mm

2.7~ B & 1 M=0

3. B~ AR @ : FOV=¢1"

4.4 %R Ae=0.5876 um;
Ac=0.6563 £m; A=0.4861 zm



.k El#k : F/b
6. MTF @50 1p/mm : 4L & 0°pF =
551" =0.3
N
. @Rt ER & ¢ 2485
HALEHBKT 2 F2 5 s
AR K F R AcBl- (D1 Rl
(a) °
HPMR &AW ¢ L85

Ll - RP® LT W E P BKT

SEE o EP L2 P S §
- b TRA e b MRS G R TR o
K F R Rl (DI R (b)-
-

Sl RFEF b Rl ST e B
& zﬂ d A EBITHR LA L b
w2 AT A B EA oS

l.d Bl- > 5d K3t a 47 0 47
HER & A s B R (Smm) v @ A
ITEA % & sk & (6. Smm)

Emm) £ EAPHFE 2.5 2w

2. v} Bl 7o 3788 & A8 e
T ETa A= 200m)r @i
P75 B L LA =8 (60 um)
% 140 um »

.d Bl=v o THR LA e
2L & 2 & GEEA F F @ st
A 41 F/w\##kaﬁ% %
Tt B ] s MTF & 4R o

4.4 Ble 7 5o 375ER S A8 e
LA A 2 NTFe JE > 247 & &

50lp/mmpEH @t 0.4 71+ ;AR

0" 2 0.5 HA 2 7 A

TR L A o
()~ #ifd £E&FHFR

T B R ATHRE 5
AR L2 PRLR S ARG
- leAg e iﬁ‘?ﬁ%'l/w\’}%bbﬁi;\. %

5F
BIFERE

1. £ ¢ EFL=100 mm
: M=0
3. B~ AL & : FOV=20’
4. & =1 Ar=0.4861 um;
Aa=0.5876 «m; Ac=0.6563 «m;
A:=0.7065 m; As=0.8521 «m
5. k£ Bl#k - F/5
6. MTF @50 Ip/mm : 4R % 0°pF =0.7
SR N
l.@5irst R = &450 ¢ L4838

F] ENPE JoR L Ry ’Fﬁ F2 »
KzFSN5 2 FK51 & b]»3k3+= 7 % & 3]
A A ®PFE T ~(a)
IEAN ~(a)e
2.3ITHR LAY A4 ¢ LR

e - AT o I
BK7Tf-F2 % & > % = o 5 Y5 >
KR EREREA4F ¢ A K
R RAeET (b)) ZEA (D)o
%ff%% :

Gil: It ge- N DA G Lo sl I
] /ﬁ ¢ AEPFHITEREANEDRE
A ¢ ABLERZ N ST E B BEA

2.3 =% xf-

e s
1. d BT #%%’Hbqllﬁiﬂ}%-)iﬁ
4nm > B E B SRR

f6 5 3.2 vt b BdTad) =
45k (8mm) & 4mm- £ £
AREREE 4.8 25 o

2.0 Bl o 3THER S Al A BT
o 45 =& (51, 6 wm)tt & Lidr it
ZBEs S =E(69. Tum) "
18.1um-

3ﬂ’@:’#ﬁﬁﬂb§1*95f%ip

BT = WL e 2 L]
4.0 BN TER LA EAMRE



0°'pFz 245 & (MIF) & s i&
Fl Y& > f247 & & 501p/mmPF
HiE% 0.8 w47sf = 9 & bl
3

(Z) 3R &P %A * GFEFR

Rl RR
1. Z§E: EFL 100 mm
2.7 % & : M=0

3.&*\3}1@- -FOV=i—50
4. & #F 0 A=0.4861 um;
Aa=0.5876 um; Ac=0.6563 «m:;
A=0.7065 um; As=0.8521 um
5. kBl F/4
6. MTF @50 1p/mm : 4L & 0°pF =
0.7; 4 & 5’ =0.5-
A
v F @ g3y BKT 2 SF2 & 44 ¢ 4
Bk SESG KR RS Y RIS
oK kArRL IR e
i
0 SRR A 2 2 B EE g ok
FE R S0 IR
LL;}i’r[J} «f *",ﬂ f%ﬁ‘ﬁggv g i
Lo m;ABERTLZET e BB
8 W 68um 4cBl4 (b); = Hfiir
B MTF %17 $E6448*2 > 4o B~ - (b) e
Flebo g i g BKT 2 SF2 S F
be P HEBTR (ST B T R
i EV L Z 3T A Rk B o
TP EAERE
A UATER Lo N, @R g
Wy TRAF ) I A8 0 2
FOROUAS T zﬁ‘ﬁiﬁ‘?ﬁiﬂ »
“"liirs*'%»rr%‘r Edub S I
FEARE TS zl%,)iﬁ,x ’F‘ZL‘
%Q%%*W%Pﬁ§%¢°?%
24 5 zi)%f’w‘ & & 4T o
(_) E”:}T%,“A"'/ﬂ'é?i_

RSB

SR L BT B
& 5 2w
ﬁ’*%‘r}i% £ T

i eh A Bl E o
()~ == 8 gy (BK7~F2 ~

SF2) B~ 3 % s3 (KzFSN5 2 FK51)

KA AAERE P R F AR

AARERINEARFRT &4 2

A o

ARG RF €3 F NSC-91-

2215-E-164-001 5% fFes > #Fp R

e

IRy

[1] J.Leger, , M.Holz, G.Swanson, et al.
“Coherent laser beam addition: An
application of binary optics
technology,” Lincoln Lab., J. Vol. 1,
No. 2, pp. 225-246, (1988).

[2]W. B.Veldkamp, “Overview of
micro-optics:past, present, and
future,” SPIE, Vol. 1544, pp.
287-299 (1991).

[3] W. B.Veldkamp, T. J.Mchugh,
“Binary optics,” Scientific American,
\ol. 266, No. 5, pp. 92-97 (1992).

[4] Sing H. Lee, “Diffractive and
Miniaturized Optics,” SPIE, Vol.
CR49, 1993.

(5] &M% % %(1999) = ~kg >
R EA0RA4 > 52 F o



LAYOUT

LAYOUT

CONVENTIONAL REFRACTIVE ACHROMATIC DDUBLET
TUE MAY 28 2002

TOTAL LENGTH: ~ 1©2. 80788 MM

DIFFRACTIVE ACHROMATIC SINGLET
TUE _MAY_28
TOTAL LENGTH:  181.82193 MM

Bl- ~(a) @adrsta @ e ¢ Lo

Bl- ~(b)E $3r8m &3¢ L5468

0. 6560 T T T T T T T T

©. 6390 +

6220 B

6050 B

5880 B

5710 B

©.5548 B

5370 | B

WAVELENGTH IN MICRONS

2]
©.5200 B
2]

5030 4

Sl

4B6@
-100. 000 100. 000

0.000
FDCAL SHIFT IN MICRONS

S)

6563

S)

6393 | B
@ 6222 B
@.6052 B
@.5882 B
5712 | B
@.5542 B

@.5372 B

WAVELENGTH IN MICRONS
®

©.5202 B

@.5031 B

2. 4861

-500. 000 500. 000

0.000
FOCAL SHIFT IN MICRONS

CHROMATIC FOCAL SHIFT

CHROMATIC FOCAL SHIFT

CONVENTIONAL REFRACTIVE ACHROMATIC DOUBLET
TUE_MAY 28 20082
MAXIMUM FOCAL SHIFT RANGE: 81.4671 MICRONS
DIFFRACTION LIMITED RANGE: 58.304 MICRONS
PUPIL ZONE: ©.0080

DIFFRACTIVE ACHROMATIC SINGLET
TUE_MAY 28 2002

Y
OCAL_SHIFT RANGE: 293.6736 MICRONS

MAXIMUM Fi
DIFFRACTION LIMITED RANGE: 58.861 MICRONS

PUPIL ZONE: 0.0000

Bl ~ ()il LB ETg #md &R

®
@
®

o

0.7000 DEG @
e % & @ 2
R i
T o

® & & & &

-100 -50 4} 50 100
SURFACE: IMA

THROUGH FOCUS SPOT DTIAGRAM

CONVENTIONAL REFRACTIVE ACROMATIC DOUBLET
2002 SPQ

TUE MAY 28 T SIZE UNITS ARE MICRONS
FIELD ¢ 3

RS RADIUS 3.818  9.432 13.122

GED RADILS : 10,777 26.540  31.603

SCALE BAR 180 REFERENCE © CHIEF RAY

Rz~ (a) BBESLES GBATF

TS_DIFF, LIMIT

TS_0.0000 DEG

||TS ©.7888 DEG
T

TS 1.@000 DEG

MODULUS OF THE OTF
T

2 . . . . . . . . .
0.08

. 50 .00
SPATIAL FREQUENCY IN CYCLES PER MILLIMETER

POLYCHROMATIC DIFFRACTION MODULATION TRANSFER FUNCTION

CONVENTIONAL REFRACTIVE ACHROMATIC DOUBLET
TUE MAY 28 2002
DATA FOR @.4860 TO B.6560 MICRONS.

Ble ~(a) B9 &8 5% 4zt (MTF) v 3R

B (DR ERAEBET G B

s
8
@ onan ® e & e -
o.7000 oes @ ® e O ’
1.0000 DEG

® ® ® & $

-1o@ -50 2} 50 [}
SURFACE: IMA

THROUGH FOCUS SPOT DIAGRAM

DIFFRACTIVE ACHROMATIC SINGLET

TUE MAY 28 2002 SPOT SIZE UNITS ARE MICRONS.
: 2

RMS RADIUS B.24l  7.821  7.714

GEO RADIUS 19,885 21.157 2@.061

SCALE BAR 1) REFERENCE : CHIEF RAY

Bz~ (D) & A4k & eghi % )

TS_DIFF. LINIT
TS 0.@000 DEG
HHTS 0.7000 DEG

TS 1.0008 DEG

MODULUS OF THE OTF
T

@ L L L L

25 .00 50.00
SPATIAL FREQUENCY IN CYCLES PER MILLIMETER

POL YCHROMATIC DIFFRACTION MODULATION TRANSFER FUNCTION

DIFFRACTIVE ACHROMATIC SINGLET
TUE MAY 28 20802
DATA FOR @.4861 TO @ 6563 MICRONS

Ble ~ (bR & 414 e X 4 jzds (MTF) & s



LR

TR cve 1

BT (b)RENEBEHF I LBRF(F =25 5 %45 )

=

.~ 1 -l 5Tl -1
imum | FFUCHRETET

o

B (b))~ R &2 ¢ LMFAEHET 6 45 b 2

= (a) 37542473 & LHFH» L @

= (b))~ &34 ¢ LEFH» i v R

FlEALE OF THE OTF

PRI B

&8, 00
FFATTA, FREDUERCY TH CVCLEE PER HILLTHETER

SOELLE OF Tl R

PRI R B

O merim FREMERGT Dh GTLLES FER MILLIMETER

T
M (a) s 475020430 ¢ LA & iz ds (NTF) o 5

T - - 2 M
Rﬁn’ﬂng-:ﬁ Tl nE e

B~ (b & 20 4 LS & fsds (MIF) & 5



OIFFRACTIVE SURFACE

CAvaOT
APACHRDMAT _DOE424#3 F=1P0 F/Y4 SOED
TUE OCT 28 2003
TDTRL LENGTH:  LBY. b&l61 MM
F i \LENS\OBT\ APOC HROMZ0. ZNX

B4 ~(a) REAP A * &

w0 p.omE GEL @ 15089 OEC

\ \ .

P sy e

TRANSVERSE RAY FAN PLOT

RAPACHRDMAT _DOE124#3 F-1D0 F/4 SOED

TUE OCT 2@ zom3

MRXIMUM SCALE: : 2B.@PD MICRONS.
a. 4gb a.656 p.852
E— E— E— F \LENS\DBT\RPOCHROM 20, ZMX

Bl ~(a) REAP RA*BRIFHFw L d R

1.0400 [EC * E ] ] {i:l}

Laa.a@

®
®

9,500 OEG w *

iy

o

8 4 @

-ip@ -sa a 2] Laa

SURFAGE! IMA
THROUGH FOCUS SPOT OIAGRAM

RPACHRDMAT _DOE#24#3 F=1P0 F/4 GOEG
TUE OCT 2@ 2003 UNLTS ARE MICRONS
FIE :

RMS RADIUS 3.823 1,733 7,346

BED RAOIUS | 5o 12260 ___29.816 F i \LENS\OBT\ APOCHROM 20 ZNX

BlLt- ~(a) @&4lp &d * B fgist F

D.852L

D.8L55 - 4
B.7783 4
@o.7uz3 | 4
B.7D57 4
D669l [ 1
o.a32s 4

D.5958 4

WAVELENGTH IN MICRONS

D.5593 4

0.5227 - 4

B.4YBaL

-1oz. oon IECICE

2. mza
FDCAL SHIFT IN MICRDNS

CHROMATIC FOCAL SHIFT
RPACHRDMAT _DOE#2443 F=1B@ F/4 SOED

TLE OCT 28 2003

MAXIMUM FDCAL SHIFT RANGE' 57,9534 MICRDNS
DIFFRACTIDN LIMITED RRANGE:® 43,932 MICRANS

PLRIL ZONE! O.@000 Fi\LENS\DBT\ APOCHROMZ8. ZMX

Wi ~(b)REAP A *BREFALHLET 6 B = R

-0.28 D.20 -L.oD

D.80 D.@p
MILLINETERS PERCENT
FIELO DLRVATURE / DISTORTIAN
RPACHRDMAT _DOE#2&13 F-1P@ F/4 SOED
TLE OCT 22 zom3
MAXIMUM FIELD 1S §.P@P OECREES
WAVELENCTHS @486 0.65

F--EENS\DBT\ APOC HROM 20, ZMX

B ~(b)R&EAP A * BEEHd 2% H

TS DIFF, LINIT 5,808 OEG
S 0.oenD Oec
TS '3.5088 OEC
L.a |
9L |
CHS N d
£
IS 1
R g
£
w S L 4
=]
FORCES 1
E
ERRE 1
g a| 1
gL *M i
o
o o 251 52 s23. 23
SPATIAL FREQUENCY IN CYCLES PER MILLIMETER
POLYCHROMATIC OIFFRACTION MTF
APACHRDMAT _DOE #2443 F=1P0 F/Y4 SOED
TLE OCT ze zomd
DRTA FDR B.B61 TQ B.B52L MICRDNS.
F i \LENS\OBT\AFOCHRONZ0, ZHX

Bl+- ~(b) RE&EAP A * &E~ ffir (MIF) o &



