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MICRO·MACHINED SILICON 
BOLOMETERSAND THERMAL 
EMITTERS 
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Technology of micro-machined silieon bolometers and 
t herma! emitters of infrared radiation operated in gas filled 
packages has been developed. Bolometers exhibit detectivity 
of 10

8 
cm Hz 112/W atfrequency 20Hz. Emitters exhibit inte

gralluminance o f l O m W/ ( mm
2 
srd) wit h a spectra! p e ak at 

the wavelength of 4 pm. 

Technology of micro-machined silieon bolometer and ther
mal emitters of infrared radiation operated in gas-filled pack
ages h as been developed. The devices are based on ::::l J.Lm 
polysilicon/Si3N4 membrane suspended over a cavity. This has 
been achieved by anisatrapie etching o f silieon with previously 
deposited polysilicon/Si

3
N

4 
sandwich. Alternatively, porous 

silieon as the sacrificiallayer was been used. 
Lightly doped połysilieon has been selected as the 

thermoresitive materiaL Although same materials such as 
V02-based layers exhibit higher temperature coefficient of re
sistivity (TCR); połysilieon offers advantages of law cost and 
well established technology. In contrast to the high TCR ma
terials, połysilieon microbolometers can operate in a wide 
range of temperature. 

The first step in preparation of microbolometer is to cover 
the silieon wafer with 0.2-1.5 J.Lm thick silieon nitride layer us-
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ing plasma enhanced chemical vapor deposition (PECVE). 
Next, 0.1 -1.5 J.Lm thick silieon layer is deposited using RF sput
tering. To increase conductivity the la1er is doped by baron 
implantation with ion dose of (3 x 101 -5 x 1014

) cm·2 and en
ergy of20 keV Activation of dopant is achieved by rapid ther
mal anneaL The annealing causes recrystallization of amor
phous silieon converting it into polycrystalline materiaL The 
resistivity of połysilieon is a complex function of erystallite 
grain size, doping coneentration and temperature. It can be 
controlled by implantation dose and conditions of thermal 
anneaL Typically, layers with sheet resistivities of (300-
900) k!l/sqr and TCR of ::::2%/K were used for. 

Al contact pads are deposited by e-beam evaporation. 
Patterning of metallization and silieon layers is accomplished 
with photolithography. The cavity is then formed by selective 
etching of silieon substrate. To obtain the bottom reflector 
50 nm metal layer is prepared by sputtering of tungsten or 
nichrom anto baekside of silieon nitride through the holes 
etched off in silieon wafer. The struetures are then epoxed to 
300 J.Lm thick silieon wafer. The wafers are cut with diamond 
saw into individual devices. 
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Fig. 1. Schematic cross-section of a single element silieon 
microbolometer or thermal emitter. 

Fig. l. shows schematic cross-section of a single micro
bolometer. The active chip of microbolometer was mounted 
on the TO-baseplate base using thermally conductive epoxy. 
Although vacuum provides the best thermal insulation, the 
reliable vacuum packaging is complex and expensive. There
fore, gas packaging is of choice in many cases. 

The packagingis completed by mounting a transistor cap 
with IR transparentwindowon to the base. The hermetization 
is desirable even for devices operated in air. This prevents 
interferences cased by air convection. BaF

2
, ZnSe, sapphire, 

AR-coated S i and Ge, and other window materials have been 
used. The housings were evacuated and then backfilled with 
dry air, Xe or Xe-Kr mixture. Hermetized has been achieved 
using epoxy. 

Typically, the responsivities at law frequencies of devices 
operated at inert gases were by a factor of ::::4 larger com
pared to that for devices operated in air. Fitting the experi
mental voltage responsivities with theoretical eurve makes 
possible to determine emissivity, time eonstant and thermal 
eapaeity. The emissivity of various deviees ranged between 
0.2 and 0.9 as a function of wavelength, silieon doping, thick-
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nesses of silicon, S~N4 and W layers. This was a result of ab
sorption of radiation in the layers, modified by the interfer
ence due to interna! reflections in the structure. The time 
constants ranged from l to 7 ms for devices operated in air. 
Thermal capacitance per unit of area was dependent on thick
ness of the silieon and silieon nitride layers, ranging from 
4x 10-5 JK-1cm·2 to ::::2X 104 JK-1cm·2• This can be reduced using 
thinner membranes and silieon layers and improve perform
ance at high frequencies. 

Detectivities up to 108 cmHz112/W were measured at low fre
quencies (::::20Hz) for the best devices operated in Kr-Xe mix
tures. The detectivity decreases with increasing frequency due 
to decreasing voltage responsivity. The decrease of voltage 
responsivity is, in some degree, compensated by the excess 
noise reduction. 

Similar micromachined bridge structures bas been used for 
thermal microemitters of infrared radiation. Much stronger 
doping bas been used to obtain sheet resistances of ::::1 kn/sqr. 
This was necessary for low voltage power supply to few volts. 
Another advantage of high doping is a low TCR. The devices 
exhibited integralluminance of 10 mW/(mm2srd). The spectrał 
Iurninance peaked in the range of 3-5 p,m with values higher 
than that achieved with ::::4p,m LEDs operated at room tem
perature. The shape of spectralluminance can be modified by 
selecting thickess ofthe Si, Si

3
N

4 
and W layers to establish reso

nant optical resonance in required spectrał range. The response 
time was 1-4 ms, decreasing with increased bias. This enables 
to modulate Iurninance changing electrical bias. 

Improved performance and reliability with the reduced cost 
associated with silieon micromachining technology and compa
tibilitywith standard remake the bolometers and thermal emit
ters attractive for many high-volume civilian and military ap
plications, such as non-contact thermometry, gas analyzers, ex
haust-emission controls and medical monitor instrumentation. 
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