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Characteristics of a PMOSFET Photodetector
for Highly—-Sensitive Active Pixel Sensor
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Abstract

A PMOSFET photodetector for highly-sensitive active pixel sensor(APS) is presented. This sensor
uses 5V power supply and has been designed and fabricated using 1-poly and 2-metal 1.5p¢m CMOS
technology. The feature of a PMOSFET photodetector is that the polysilicon gate of the PMOSFET
was connected to n-well, in order to increase the photo sensitivity. The designed MOS photodetector
has similar Ips-Vps characteristics with a standard MOSFET. One dimensional image sensor with 16
pixels based on the PMOSFET photodetector has also been designed and fabricated. Unit pixel of the
designed sensor consists of a PMOSFET photodetector and 4 NMOSFETs. Unit pixel area is 86umX
90.5ym and its fill factor is about 12%.
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Fig. 1. Cross-section of a PMOSFET photodetector.
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odetector.

(a) Perpendicular direction to Si surface.
{b) Horizontal direction to Si surface.
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Fig. 3. PMOSFET photodetector. (a)schematic and

{b) layout.
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Fig. 4. Unit pixel (a) schematic and (b) layout.

918 PMOSFET #4%71¢9 54 3

3. SETMHA

L—.E;gxéxﬂ/qt 7_11- _@]% ] =z /\Z}i _‘]1.}\-]
Hol A3 E FEF3e] £Y3lE =9 CMOS
o|pIx] AAE watc} ¥ 45 B Aol
AAE TEIAANAM ] &9 Ao 2w}
Holob-& viehd AHolr}, 329 FAL e
3} 7} 2l (reset) sHabol 5VE g7ishd o
MOSFET-S =559 #3} 44 (integration)
dAbs AR A7 "o FAEV A W
HholZolw s} A oA Ay} SHE T
A E (select) At 5VE A7kt 2
MOSFETe] TEo] xo}. A3} 2 x4
A5 Asrl 22 FF R WA 2E
o] HolA FHoR oA H} dukHql F
FHAANA d2e zHe 3F I2E
o2 ARgsled whe)] 2 d-FellAe
3 2E Y o AlS3le BAZE FE3)
b sk, = A FEIRY YIe 5E
e Alg3ten olZlE 7t Ao FEoR A}
432 AAEte] Ao wAs F9vt 13
4(b)ellA At o 1A% 55 F3fe] HA
o] A3 & Z& & 4 9led PMOSFET
%7&%71% 5 st 91A8ta slch @4 =
Aol AL 86mx90 5meln NFEE ok
12/011‘% ol AL B AFe) fAgE F2E AN
ATES ATEe) 20~ ~30%% Y 7
o, g Mgl ol 47*571«1
3 39

AAEE YA 5 Adrks A oolg

of 3

==
=
.
Eala
Z35

d= R oofm

.o
E [<)
was gl 29 5 aad oz o

Id
&
m
2

Q 1 2 3 4 5
Vs
a8 5. PMOSFET &4 &7]
M)
Fig. 5. Optical characteristic of PMOSFET pho-
todetector.(Vds-ids curve)

o 54 .(Vds-lds

—151—



4.1 PMOSFET Z3dZ&7|

a¥ 5% £ dedlA AA|, AxEE PMOS-
FET #741%719] las—Vas FAloIT. 4ol 214
s FAe d2A Yzolw, 600mY TAbellA]
FAEE FAs. 19 6° st 24 =
doﬂi PMOSFET BRE7IS Ad Aol
3 »}E}v&l Aot} 13 6ol
] °a 9 ol PMOSFET FHE719 A
Zolo} [ whale BAE pAlc 2™ 7
2 PMOSFET #3&7]¢l &4 4] Al7]e}
PMOSFET®] -3 AlolE Ao AAE v}
bl Ao}, o7& dwkdael MOSFET®H #
E E/K-]/xlo] (1),,]_ ;{E]- o];q—gh;}

L= b (Vs = V)’ (D

oJ7]14 L2 MOSFET® ¥ ZHe], W=
MOSFET®} A F | ko= vld A2 M-
OSFET9] A].i}.lﬂ- % 22k z%x}_,] o]EE,_
F3 Aol Vgsert PMOSFET #7%7]e
e vEgS o 328 AHfe deus It
PMOSFET®] Alo]|B-2 ks vehid 7o)
o}, 283 Vope MOSFETY +€AdL4-E
ehd Zlelth. ohE BHEV A vlaar]
s, L7 FAS ARSIt AAE EET)

A=y iEEENX]/‘Ei(photoBJT)-"f] FEAE
ZAk] & 1o Yehlie
* 1. EZECO|IRE, T EEMX|AE, PMOSF-

ET &HE7(|9| cfe| HxMe Z2HF d|ul

Table 1. Comparison of photocurrent per device a-
rea for a photodiode, a photoBJT, and a
PMOSFET photodetector.

PMOSFET
photodetector.

9.48x10°

photodiode photoBJT

0.47x10° | 1.26%10°

b 4 gl%el wE ¥
o el s el 0
T A% 5 Ak ok

Qe BAEI19) wA Bz o Al

2
o
oft
ﬁ
!
=
4 >>L
N

A, 293 A ¥

8Ox10°
—&—\Vds=5V
7.0:10°
6.0x10°
5.0x10°
§440x106—
| ]
3.0x10° 4 \
20x10° '\
{ ]
1.0x10°
T T T T
0 5 10 15 2
Length
a8 6. =¢st 2 =HolM PMOSFET &4
£7)|9 zd Zolo| it M7 E4,

Fig. 6. Photocurrent characteristics of PMOSF
ET photodetector with channel length in
the same measurement condition.
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Fig. 8. Simulated output characteristics of the
designed APS.
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Fig. 9. Control signals of the designed APS.
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