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Abstract: A novel ultra-thin refract-reflect projection display system was designed to meet the severe
requirements of imaging lens in large screen projection display for ultra-short focal length, larger field
of view, ultra-thin, larger relative aperture and higher resolution. A 0. 65 inch (16. 51 cm) Digital
Micromirror Device (DMD) produced by TI Inc. was employed as the spatial light modulator and an
aspheric mirror was used to correct distortion and shorten projection distance. Furthermore, a fold
mirror was also taken to turn back the optical path to achieve ultra-thin projection display. The sys-
tem is consisted of five lenses and an aspheric mirror, of which the focal length is 2. 8 mm , the F-
number is 3.5 and the minimum and the maximum field angles are 55° and 78. 5°, respectively. When
the projection distance is set to be 120 mm, the screen size can be 65. 2 inch (165.6 cm). With the de-

sign, it shows that the Modulation Transfer Function(MTF) of over 95% field of view of the system
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is higher than 0. 6 at the Nyquist frequency of the image plane. The maximum distortion is 0. 8TV %,

and 90% geometric encircled energy in the point target is focused in one pixel. To verify the perform-

ance of the ultra-thin refract-reflect projecting lens, a principle prototype was fabricated and assem-

bled. The experimental results show that the system has excellent display performance, and meets the

design requirements of ultra-thin, low cost and small-scale mass production.

Key words: optical design; projection display;large screen display; digital micromirror device; ultra-

thin projection display system; aspheric mirror

1 3 7

5 R W) 55 2 R A BOR RGO
BRIy 2 — B MPERE T VR A W
INRGHEA HAR KR, I 20 45K, B8 R
R SR Ul SN AN R NN B
1 AL R AR L AR R i A RE L 6 R
T B TR SR A ke bR ey B Y R W)
E11 = YA e (35 N1 NS

3 T 1 RS FA 0 T T o S5 B R TR A
SR . R I AL G i B S A
(5 K o0 100° 2247, Bl Bl & M35 f 0 F
BB R B AME 22 2 F L2 2k, B
TR A [ B A5 DA A IE 28 B0 R Sl vt 93 X 38 11
25 0 UG R 7 1 5 X AR AR ARG T EZ A T L
JE L BGGE AN B0 R A B s
Ko F—J. H T8 Eg 2 A A4S
PR 22 1 58 R L O LR RS IEAR 25 T Al A
X AR Sy o 3R I LT U R AR BR TR S R AL A
TR S RE G B R Gt o R R Y R,
Z TS T 4 Ok O BT T E
Jun Ogawa S 11 T 3% Fl &R 48 3 T2 5t A
Bl. AR, 4 5 R G0 2R F B il =03 AL
SERARE TE R, 3 00 SR B 8 T TN 2R O A N
TR AT KT =k Ak /N HE R A A e DS

KT A A U AR 0 A i R 2 R 1 AR
R K5 AR AR B R R B 7 Ak B RE SR L AR
SR FH — ol 4 37 11 R 2R e 1 1A s S 2 i g
B &G A 0 55 R I 2o (8 A e vl Bk ok
245 0 155 1 T S B R AL B O Bt
% F- (Digital Micro-mirror Device, DMD) B 47 5%
J3E e R B v R A LA R L O HLHR R ]

PR B H /IN o fE % 2 S A A R
A SCR ] DMD A [ 5  JHE R A 14l 15 It B
s F AR GZ R A B R AR W) B IF R AR R SR )
>R P AR BR 1A 52 55 B 4 P 1Bk — A5 TR B3 1) 5
b I A e S S E  O  EAT T, DT S 3
BABE WoR REN S RO, ASGER T
Pr B 58 s 6 R 58 B BOR IR bn I SCHEH AR
FIH ZEMAX EF x4 B G s % Ot o & G it
AT BT X BB B i AT 04T o 5 SME A A
TR MEBE Y By b, Pl T — BB AL, I
R GEASE JFRE S 2 R % L AL AR
RS A S B R

2 WEHRBY AT Fmikit

2.1 XZEHFARIER

B ERRGEEEHBH RS JeEg % &
ERGMBREE 4 DA . MRS ROLTE
ARG AEOL LED #4540 . ZO6EAR
o A o R K AR KT Mt T SE B i A R L R
RO 2R G AS B FE R R KRR = T O IR 5 A
F T R G TR ) B A /N, 6 A F IR B A AN 7 B
HUY, JaERI R A T A Al 1 DMD 3k i 17141
FHF P H ., DMD RF 28 16. 51 mm (0. 65
inch) . f#H7 B A 1920 X 1080(16 = 9), T I
HTANKE SO S BT R AL [ B AN B R xR
TR — DGR R, KRk A
7.5 pm, SO R REE RO O LR AT TAE O
A FI 3 . RE A% S0 B (0 R 1 B 3A I 2 = T
M RE oK, A XJ-H175 £ 5 WG I8 k17 5 48
JEARSE . O BRI R e 1 R K /N 10. 92 mm,
3 o O i VT P B 5 W B B 4459 B R
YIBM F/#0 3.5, REMFEIEE A 120 mm,



2022 tr KE TR %22 %
I 15 )R 5F 2 165, 608 em(65. 2 inch) , &3 o | EENREAEA MR
15700, AR B 4 S R BR K 1 BT %_ - ’
xR 1 BEURENEIEARER .
Tab.1 Various specifications of objective lenses i
HARSEIR & -
DMD K/ 16.51 mm, 1920 X 1080
BERSR 0 P :
i 8 R 165. 608 mm — ——
KEE N4 16: 9
WY /N 55°, KR 78.5° B2 S R R BOC R
B 120 mm Fig. 2 Rough relation between field angle and optical
S MTF=0. 55@0. 67 lp/mm performance
= NS 0.8TVY%
7 il 46,22 <1/2 M8 % AR T2 BOT LI, T34, 37 S =8 il kg
e dik e i =>90% 16 3 Gt 52 B A 1) OC B R BB A5 AT A0 i A R R iR
mEAR —0 ER-CUSE S8 2 R YN/ PR e
i = IR EAVE . SE G K N A O
2.2 REEA A1 RO 1 09 /0 T L5 5 L 5 L

TEST R B R e R G, Mg 5
e M RR 2 F A B S VI OC & R W 4 £ 0 43
rig AR E B, TR RO B SO R Gk
T 5 22 2 e /NI 37 R 35003 G 4S TE 2E
MR . &1 S S =B R R 1 S HUR
BEL A O BRI A EA= O — Ouin
FRAMAG .

- TR

EA=Omax—Omin

H1 ZHoRER

Fig. 1 Schematic diagram of parameters

2 s TS5t A v R = TR R EOR
F IG5 S B S AT LR .
Pl AT o A B s S 3R 8 HUAT DR 5 B BCR 1Y
/NG A BE S BB R OGS E PR R L X R
AT RO T 2 3 il DX 3 TR N B R 3

b T R R B B MR O A T R L TR B R E
AT RME B L e /N FA R 55°, B KA 3 £
Hh78.5° M 23,57,

TEBCHH T S 5 208 il AR 2R e i, 3 il A IE
e — B EE N M, 7E Seidel BB K R
o, AW R IE 25 0 F & A se s iIE i, (H =2
R XA, R EN SN STRAETE
A AR ZHIEROCEES G I, FHEL
b TERA W R ICE T AT ARG fME &
P 25 7 3 A DX R iy ELAR /N, 3 il 78 3 S 5 iR
RGPS AT LAAE 09, OF BRI Lt A% 42 i
SR G R,

R R Bk A AN T HMERE S — F B B
ST O PR Y — T BT Ry A IR SR T, G A B ek 2D
TR BT [E A R T TR 2,
SRy TR T W AR R B, 22, SR ] AT UCCIE 3K R 5
Bi, AEIRMMMEMSE N k= —14.081 7, A, =
0.189 6,A;,=—1X10 °, A, =5.814 4X10 %, A,
=—1.5X10 ", A;=9.179 6 X10 ¥, m@iFIEk
Tl 52 58 AN AAT DR IF 38 BAR 2% iR RE 98 A AL 4
AR . K3 AT O IO R A
PR G Horh AR Bk S S BE a6 L AR S 146
mm, KT S FE S5 ML A O B S B 45 A
R AT S AR



FARR 55 R R0 s e s R G AL BT 2023

—
N

H+812 mm

AFEK 528

L 4

/ A7 8 S AT 8L
X

DMD;% B

() B AR 254

(a)Overall structure

(D)5 78 73
(b) Refraction portion
B3 e R G R ER A
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