RN R RSN Vol.31 No. 1
2016 4 1 A Chinese Journal of Liquid Crystals and Displays Jan. 2016

XEHE:1007-2780(2016)01-0097-07

—FIREh MOS B TEEEMXBNEE
OLED BB REZ=H K

nORREYY.R 2. FEN.K O R.R R FEE
(EMAF B THFFIRFER ERAETFEAXEARG LR FEMAFERK, F4 K& 130012)

FEE 5L OLED s o T ZE M /N8 3R T AR N S 30N 9 OLED AR fLU 3, HAR 3 0K 3 A B 9 9K 3l MOS 48— it
TAEFE W FI{E X, £ 7F OLED H 3 %t 3R 25 MOS % 119 150 {8 # FE A0 B U5 F R 2 T A0 L A T Fl 8% 52 % 45 ) A0, 4 5% K 5
MOS 4§ T AF 7E 4 DX 00 W 3 6 5 2 ) B30, (EL S 7 3R AR 3o /IN 9 3K 3 H O 0 200K B R E R A9 481 e MOS & L3 5 /i
B E RS, AR SCHR T — Rl R Kk TE 98 S (PWMD 3R (3R 3 MOS & TAE 76 1 fl X 5 OLED fi i 7 1% Z 3K 3l L
e PWM {5 B3 T — N OLED (1% 52 b TA4E B ] , OLED 1 ik o s, 3% 25 &, i 3K 35 MOS 3] H 45 (9 R ~F i s i+
PWM 155 di 2 o/, AR SE 3 T OLED fi/NW 3@ RIS i AL . 45 R R PWM 55 S 2 th oy 3% AT, ST 8L
B OLED 5% 3l o, 7 A5 250 B 35 B 43 918 27 pA~2.635 nA.2.19~225. 1 cd/m’ , [ if R FH X045 25 i 18 4L F 45K L 78 15
pmX 15 pm PR AR Y SE B TR R 9K 30 H I 00 R RT3

% # WA OLED M2 R 48 £ 3830 & % ik B # (PWM) 5 383 MOS & ;48 4= K

RE S 2SS TN383. 1 XERARIRAD A doi: 10. 3788/ YJYXS20163101. 0097

Pixel circuit for OLED-on-silicon microdisplay using
a driving MOS transistor operated in saturation region
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Abstract: Due to the tiny pixel area of OLED-on-silicon microdisplay and the weak driving current, the
driving MOS transistor operated in sub-threshold region is generally applied in the pixel driving circuit
of OLED microdisplay. Unfortunately the sub-threshold current of MOS transistor is sensitive to the
mismatch of threshold voltage and gate-source voltage and its peripheral circuit becomes complex, but
a driving MOS transistor operated in saturation region instead of in sub-threshold region can avoid
these problems. In this paper a pixel driving circuit for OLED microdisplay using the pulse width
modulation (PWM) technique is proposed, in which the driving MOS transistor operates in saturation
region, and the small average driving current and brightness are realized by shortening the operating

time of OLED during a {frame period. In the meanwhile the OLED pulse current is enlarged and the
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area of the MOS transistor operated in saturation region is decreased. The simulation results show that the av-

erage OLED current of the proposed PWM pixel driving circuit is from 27 pA to 2. 635 nA, and the bright-

ness of pixel is 2. 19~225.1 cd/m?* correspondingly. The layout of the pixel driving circuit on silicon is real-

ized among the pixel size of 15 pum>X15 pm using double-pixel layout sharing technique.

Key words: OLED-On-Silicon microdisplay; pixel driving circuit; pulse width modulation (PWM);

driving MOS transistor; saturation region
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Fig. 2 PWM pixel driving circuit for OLED microdisplay
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Tab.1 Parameters of PWM pixel circuit

Parameters Device Type Values
(W/L)p NMOS 0.50 pm/0. 50 pm
(W/L)ps NMOS 0.50 pm/0. 50 pm
(W/L)p, PMOS 0.45 pm/28.0 pm
(W/L)p, PMOS 0.50 um/0. 50 pm
(W/L)ps PMOS 0.45 pm/0. 50 pm
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Layout unit of two pixel circuits
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Fig. 4 Simulated results of PWM pixel circuit with 16 grade grayscales.
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Tab. 2 Input data voltage, OLED voltage, current and luminance of 16 grade grayscales
Gray scale V gata Voea/V I NA L../nA Lyea/Ced* m™?)  Ly/Ced s m™?)
1 4,246 3.512 0. 905 0.027 83. 84 2.19
2 4. 210 3.715 1. 606 0.048 142. 54 3.73
3 4,184 3.855 2.369 0.071 224.08 5. 86
4 4.156 4.001 3. 475 0. 104 333.67 8.72
) 4.126 4,147 5.023 0.151 477.93 12. 49
6 4.095 4. 291 7.042 0.211 664. 71 17.37
7 4,064 4,428 9.531 0. 286 903. 75 23.62
8 4,031 4,571 12. 669 0. 380 1 207.00 31.54
9 3.998 4.710 16. 302 0. 489 1589.12 41.53
10 3.963 4. 856 20.718 0.622 2 067.93 54,04
11 3.924 5.091 26. 279 0.788 2 665.41 69. 66
12 3.871 5.243 34.926 1. 048 3 408. 29 89. 07
13 3.820 5.466 44. 398 1.332 4 329.57 113.15
14 3. 765 5.713 55.796 1.674 5 469. 38 142.93
15 3.702 6.009 70. 367 2.111 6 877.16 179.72
16 3.633 6. 345 87. 849 2.635 8 613. 33 225.10
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