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Monolithic Pyroelectric Infrared I mage Sensor Using PVDF Thin Film
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Abstract

A 16x 16 monolithic pyroelectric infrared image sensor has been developed. Thisimage sensor
utilizes an electro-spray (ESP) deposited polyvinylidene fluoride (PVDF) thin film as a pyroelectric
material, aburied channel MOSFET as alow noise detection device, and a micromachined four-beam-
supported membrane as athermal isolation structure. A voltage sensitivity of 6600 V/W and a detectivity
of 1.6x 10" cmHz”2W™ have been realized with a sensing area of 75 umx 75 pm at a chopping
frequency of 55 Hz. A thermal image of the circular window of a black body furnace has been
successfully obtained. These results offer the promising prospect of a monolithic pyroelectric IR image
sensor, although the uniformity in voltage sensitivity, noise and offset voltage still remain to be improved.

ogoooo gbooboooogooobopvDFOOOODOODOOOO

goooooobobooobbooobboon

gobogn
uoooooooboooobbuooobboon

gogboboboooobboboooobbbogo gbobobooobobobooobbuooobbood
goboboooboboooobboooboboo gobooooobobooobbooobboon
gooodobooooooobbooboooboo boboboboboooooooooooooboon
gooboooobbooooboboooboboo oooboooobobooobbooobboon
gobooboooboboooobobboooboboo oboooooboboooobbooobboon
gogboboooboboooobboboooboboo oooooooooobooobooobooMost o

0000000 R&DODODDOOVol. 33 No.1 (1998.3)



64

gooboooboobboooobbooobboon
gboobooobbooooobbuooobbood
gooooooboboooobobooobboon
gobooooboboboooobbuooobboon
oooo"Ooobo0oboo0obo0oooboooon
oo ggo 2™
gboogoooboobobooboooog
gbobobobobobuobooodpPvbDREY
goobooogobooog(esP)ybbboooooo
gooceMostouoooooobooooonog
goooboboobooboboboobobOao0um
gooooobobboooobbooobboon
0000000000000000 (NETD) 01°C
oogooord
dodooooooouoOoNETDOOOOO
gobooboobooobooboobobb
OooOOONETDOODODDDODDOOOOOOO
goooouoooooboboobooooooogoo
gooooooooobobobbboooogogy
gboobooobooboboooobbooobboon
OONETDODODOOODOOOO
gooobbobooooobobbooooogo
goobooobobboooobbooobboon
gboboooobobooooobbuooobboon
Sumb 02560 0000000000 O0O0O0OO
OO000OO00oDOOoOobooooaore™a

goboooo

gooogoo
000100000000 Fig. 10000 75um
gbooboogoMOSFETUOODOOODDOOOn

PVDF : Polyvinylidene Fluoride

USG : Un-doped Silicate Glass

BPSG : Boron doped Phosphosilicate Glass
LOCOS: Local Oxidation of Silicon

u BPSG

Ti/TIN PvDF Au-black Al-3-C LOCOS

SENSOR AREA CMOS AREA

Fig. 1 Cross-sectional structure of the sensing cell.
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Fig. 3 Equivaent circuit of asensing cell.
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Fig. 4  Schematic structure of an ESP
deposition apparatus.
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Fig. 5 Processflow of the image sensor.
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Fig. 6 A SEM photograph of a sensing element.
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Table 1 Characteristics of the single sensor.

Sensor size 75% 75 (pm?)

PVDF thickness 700 (nm)

Pyroelectric coefficient 4(nCcm?K™)
Voltage sensitivity 10000 ( V/W)
Detectivity 2.4% 10" (cmHZW™)
Thermal time constant 5.3 (msec)
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Fig. 13 A photograph of the image sensor.
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Fig. 15 A thermal image of the circular window
of ablack body furnace.

Table 2 Characteristics of the PVDF thin film IR image
sensor ( temperature of sensor is 300K ).

Sensor size

75% 75 (pm?)

Elements number

256 (16x 16)

Chopping frequency 55(Hz)

Rv 6600 (V/W)

D* 1.6x 10" (cmHZ""W™)
NETD 0.15 (K)

Thermal time constant 5.3 (msec)
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