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Abstract: We present interferometric modulators that reproduce RGB colors through the selective actuation of mechanically
coupled mirror arrays having identical air gaps. The conventional transmittive interferometric modulators need additional backlights,
which leads to high power consumption. The previous reflective interferometric modulators using ambient lights need three different
air gaps for reproducing the three RGB colors, thus giving rise to process complexity. For process simplicity, we propose the use of
reflective interferometric modulators that are capable of producing green, blue, red, and black colors with the aid of mechanically
coupled mirrors with identical air gaps. In an experimental study, the present interferometric modulators reproduce green, blue, and
red colors at the switching modes (000), (010), and (101). The spectrum peaks for the colors are measured at the wavelengths 511 +
5 nm, 478 £ 3 nm, and 644 + 9 nm, respectively, with the bandwidths being 60 £ 1 nm, 45 £ 2 nm, and 105 + 4 nm, respectively;
further, the maximum intensities of the colors are 77 £ 5 %, 73 + 2 %, and 81 + 5 %, respectively. The black spectrum is measured
below the intensity of 27 + 0 %. Thus, we experimentally demonstrate the color reproduction capability of interferometric
modulators fabricated by using a simple process.

- 7MY - E D A7
H A7
= R s A .=
- "—:%EE M 5494
. Ol X 7‘(
AL PR NP
colEw R A el =
d e T
LA ] ARS
T Corresponding Author, nanosys@kaist.ac.kr k T © o
© 2012 The Korean Society of Mechanical Engineers ) D 223 e Ao




458 g -

1. M2
F 2ol mlo]a R 57029k AjE
71€0E FEA Fokel Zhi FEOY 47
SO®nt ohyel A B HA A
Hhdg taZdo] ZokdllzkAl 2 &8 W7t 8

Bgsth AE gE 228 2 298 7ds
7] glEAE e s 3 47 FHoR A
A ol Asken o2 A% A1 el ¥
A7E A gt
2 ErolA e Ed RS flal sde A7)
e 1 MY T o dgd

2.1 kg #=7|9 = 2 g

Figure 1 & A|A| 23X (k, k)oll A A=l A2
232 (kp)ell A2 Al e Aes Zbe AjbE
W Wz71Y PRE RYFEY 47 A
A=3pe] Apolol A 17FE V2Vl Sl @l
2913 BE(bibb)ol wEt dEdow g
A7IA b = FEFTEA 293 OFF Alel= 0,
22913 ON Alol= 1 9 gh& zH=t) Figure 2 &
AQtE 4 Wzx7|o w2 dEE Bt A
oyl M WiZ7|E 293 ®E (000), (010), (101),
(111)01]/\1 Ag}\é%]- %E’L dOOOa dOlOa dl()la dlll Oﬂ Lq—E]—
574 el Wl vkS MeEA o g RRAMAZ 4 9l

4

=
8319 7+ 22(G), FE(B),
A

¢

N =n-ik (1)
A7 AR p & FAES YER L, S5 &
= AT E UEedt g5 A7 E o A
71 H 2 7450 Qa, B4 =45 N 2l &

Fig. 1 Simplified model of the present interferometric
modulators using the mechanically coupled
mirrors driven by digital actuators
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Fig. 2 Working principle of the present interferometric
modulators reproducing green (G), blue (B), red
(R), and black (K) colors for switching modes
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Fig. 3 Electromagnetic wave for boundaries: (a) single

layer; (b) multiple layers
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Fig. 4 Device layout and design of the present
interferometric modulators: (a) top view; (b)
cross-sectional view across A-A’ in (a)

r, 7o Yo, Yo ZHZE WRAMAIR, WHAMAIS 9]
2T, 379 oitulE%, 7)ge] o= w2
ougcth. s, 2 Fo BAaEHEE N A
E A dste sl g WEA] R

ey =~ ﬁh: £

22 ZHY H=T|ef AA

Figure 4 © AtE b4 Wz #lo]ol-i}
AA AE B £ ey A A sk
Abelel = =T, AAT, T3, ARG om,
zbzbe 714, FEA *é%—% aEste] AES
Z}7} Cr, SiO,, Air, Ag 2 4 .

o714, Ag & o] Hx E%: %’304 Rt
of oJgk 5 uym FAS A 7| w53 W3
dojupx] & A 1 HALES Fdsty] 918
A2 30 nm 2 AASAI, Cr & FA d, 7} SiO,
o) FA dij, © TS AAANZ AH A FE
REoA 7HAF Sl A o] RIAME S FH A3 o)
71 938l obell 2ol o] A3t Z}7; 10 nm £+ 80 nm
= AAs

Aﬂ
A oglt OIO
-1n tlo

)

.

,=780nm
[Rde, dgo,, VA= dgyrdso, (7)

A4=390nm



Yoo 1o
t 2 ] |_‘_|_?k12(dooo Xo10)
ki, ki, T =
ky ky kZ k xom
(@)
dyof 101 kyo(dooox101)
T ]
kT ky L@_T kyo(dyggx101)
ky k, ky
ky X101
(b)

Fig. 5 Free-body diagrams at static equilibrium state for
coupled actuation modes: (a) (010) mode; (b)
(101) mode
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Table 1 Designed and measured dimensions of the 4, =X Z3n} 2 DA

present interferometric modulator < = = =
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. AL FHeletE ol&ste] FAstaL, =¥ WS 2
Thickness, ¢, 5 um 540.1 pm o AZHS LDV (Laser  Doppl Vib .
Mirror Width, W 100 pm | 1001 pm o H B ppier  vibrometer,
Length, L 300 um | 30041 pm Polytech OFV 511)& ©]-&st] SA3kglaL, WAL =
Thickness, 7, Sum | 50.1 pm HAER S Wgde] g 7HAEA Gl
Width, w 3um | 3%0.1 pm HEAL ubhS 2~ E 20 E(PI MicroSpec 2300i)E
Spring Length 1, /; 75 pm 75+1 pm o] &3t =A 3519}
Length 2, , 105 um | 105£1 pum
Length 12, /}, 100 pm | 100+1 pm 41 Z2| ololx|
Elec'trode Tl}ickness, ter 10 nm 8+2 nm Figure ge 203 me (000), (010), (101), (111)
In.sulatlon la?/er Thickness, tsi02 80 nm 7842 nm N 27 = E(G) 5} a’(B) uBL7]-(R) 212 K) o
High-reflection | 1t 4 nees, 10 | 30nm | 2842 nm L eral Al meolel almolel
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Fig. 7 Enlarged view for 1 pixel area of silicon plate at Fig. 8 Color images reproduced at the switching modes
the fabricated interferometric modulator of (000), (010), (101), and (111) in Fig. 2
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Table 2 Output response for the switching modes of
(010), (101), and (111) in Fig. 2

(010) (101) (111)
theo. | exp. |theo.| exp. [theo.| exp.

Characteristics

. Output 60 | 62+5| 180 [181+10| 388 | 39445
displacement [nm]
77£10

Response time [us]] 30 7948 | 32 | 7746 | 31

Table 3 Reflectance spectrum of RGB and black colors

Spectrum Green Blue Red Black

peak theo.| exp. |theo. | exp. [theo.| exp. [theo.]|exp.

Wavelength | s5¢ [51145| 477 l47843] 675 [644+9| - | -

[nm]

Band width
N 63 |60+1| 59 |45+2| 142 [105+4| - | -
Max. 85 | 7745 | 83 [73+2] 88 | 8145 | 9 [7+0

intensity [%]
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Fig. 9 Experimental time-dependent output displacement
of the present interferometric modulator
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Fig. 11 Theoretical (empty symbols) and experimental
(filled symbols) color spectrum for the incident
visible light of A=425~725 nm
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