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Abstract

We present a comparative study of three configurations of un-cooled micro-bolometers based on amorphous silicon–germanium thin
films deposited by plasma at low temperature and compatible with the IC technology. The temperature dependence of conductivity r(T),
current–voltage characteristics I(U) and current noise spectral density (NSD) have been measured in order to characterize and compare
the performance characteristics, such as responsivity and detectivity in three configurations of micro-bolometers: (a) planar structure
with a silicon–germanium intrinsic (a-SixGey:H) thermo-sensing film; (b) planar structure with a silicon–germanium–boron alloy (a-Six-
GeyBz:H) thermo-sensing film and (c) sandwich structure with an intrinsic (a-SixGey:H) thermo-sensing film. The samples studied dem-
onstrated different cell resistance Rc = 105–108 X and responsivities RI = 101–10�3 A/W, while the values of detectivity D* were quite
similar D* = (4–7) � 109 cm Hz1/2 W�1.
� 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Surface micro-machining technology for thin films in
conjunction with the silicon IC fabrication technology have
allowed an important development on low cost and reliable
night vision systems based on thermal detectors arrays. A
micro-bolometer is a thermal detector used for large IR
arrays. Even in the actuality there are available large
micro-bolometer arrays [1–4], none of them can be consid-
ered to contain an optimum pixel.

In order to achieve high performance characteristics in a
micro-bolometer, it should have a thermo-sensing film with
a high value of the temperature coefficient of resistance
(TCR), defined as a(T) = (1/R)|dR/dT| � Ea/kT2, where
Ea is the activation energy of the thermo-sensing film; mod-
erated resistivity, low noise, fast response time, and com-
patibility with standard silicon IC technology. Among the
currently thermo-sensing materials used in micro-bolome-
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ters, some metals, vanadium oxide, and amorphous silicon
[1–4] should be mentioned.

Those materials present good characteristics but also
have some disadvantages. Metals are compatible with the
standard IC fabrication technology, but have low Ea and
consequently low TCR values. Vanadium oxide presents a
high TCR but it is not a standard material in IC technology.
Amorphous silicon (a-Si:H) has shown a high TCR value [3]
and is fully compatible with the silicon technology, however
possesses a very high resistance, which results in a mismatch
with the input impedance of the CMOS read-out circuits. In
our previous work [5] amorphous silicon–germanium
films obtained by PECVD were employed in the fabrication
of micro-bolometers, providing high activation energy
(Ea = 0.34 eV) and improved, but still high resistivity.

In this work we report a comparative study of the perfor-
mance characteristics of three configurations of un-cooled
micro-bolometers based on amorphous silicon–germanium
thin films: (a) planar structure with silicon–germanium
a-SixGey:H thermo-sensing film. In this configuration the
metal electrodes are placed under the thermo-sensing film
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Fig. 1. Micro-bolometer structures: (a) planar with a-SixGey:H, (b) planar with a-SixGeyBz:H and (c) sandwich with a-SixGey:H.
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(Fig. 1(a)); (b) planar structure with an a-SixGeyBz:H
thermo-sensing film (Fig. 1(b)). The latter is a silicon–ger-
manium–boron alloy rather than a boron doped film and
(c) sandwich structure with a-SixGey:H thermo-sensing
film, this configuration consists of metal electrodes which
sandwich the thermo-sensing film (Fig. 1(c)).

2. Experimental

The fabrication process of the planar structure micro-
bolometer with the a-SixGey:H thermo-sensing film is as fol-
lows. A 0.2 lm-thick SiO2 layer was deposited by CVD on a
c-Si wafer and a 2.5 lm-thick sacrificial aluminum layer was
deposited by e-beam evaporation and patterned. A 0.8 lm-
thick SiN film was deposited at low temperature (350 �C) by
low frequency PE CVD over the aluminum sacrificial film.
The SiN film is patterned by reactive ion etching (RIE) in
order to form a SiN bridge. 0.2 lm-thick titanium contacts
were deposited by e-beam evaporation over the SiN bridge.
A 0.5 lm-thick thermo-sensing a-SixGey:H film was depos-
ited over the Ti contacts by low frequency LF PECVD at a
RF frequency f = 110 kHz, substrate temperature T =
300 �C, power W = 350 W, and pressure P = 0.6 Torr.
The a-SixGey:H film was deposited from a SiH4 +
GeH4 + H2 mixture with gas flow rates: QSiH4

¼ 25 sccm,
QGeH4

¼ 25 sccm, QH2
¼ 1000 sccm. This results in a Ge

content in the solid phase of Y = 0.88, and a Si content in
the solid phase of X = 0.11. The thermo-sensing film was
covered with a 0.2 lm-thick absorbing SiN film deposited
by PECVD and finally the aluminum sacrificial layer was
removed with wet etching.

The planar structure micro-bolometer with the boron
alloy (a-SixGeyBz:H) thermo-sensing film was fabricated
as the previous one, with different thermo-sensing film
deposition parameters. The boron alloy film was deposited
from a SiH4 + GeH4 + B2H6 + H2 mixture with the fol-
lowing gas flow rates: QSiH4

¼ 50 sccm, QGeH4
¼ 50 sccm,

QB2H6
¼ 5 sccm and QH2

¼ 500 sccm. This results in a Ge
content in the solid phase of Y = 0.67, a Si content in the
solid phase of X = and B content in the solid phase
of Z = 0.26. Those values were obtained by SIMS
measurements.

The sandwich structure micro-bolometer with the a-Six-

Gey:H film was fabricated in the same way as the planar
micro-bolometer with some differences, due to the place-
ment of metals as bottom and top electrodes. In this struc-
ture the electrodes sandwich the thermo-sensing film. The
bottom Ti electrode is 0.2 lm-thick and is deposited before
the thermo-sensing film. Then the a-SixGey:H film is depos-
ited and it is covered with a top thin electrode (10 nm)
forming a sandwich structure. The active area of the
thermo-sensing layer in the three configurations studied is
Ab = 70 � 66 lm2.

In order to compare the performance characteristics in
the three micro-bolometer configurations, we performed
the measurement of I(U) characteristics in darkness and
under IR illumination conditions. The source of IR light
is a SiC globar source (model LSH-GB from Jobin Yvon),
which provides intensity I0 = 5.3 � 10�2 W/cm2 in the
range of k = 1–20 lm. The samples were placed in a
vacuum thermostat at pressure P � 20 mTorr, at room
temperature and illuminated through a zinc selenide win-
dow (ZnSe). The window has a 70% transmission in the
range of k = 0.6–20 lm. The current was measured with
an electrometer (‘Keithley’ – 6517-A) and the responsivity
was calculated from the I(U) measurements. Noise mea-
surements in the micro-bolometers were performed with a
lock-in amplifier (‘Stanford Research Systems’ – SR530).
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The noise of the system and the total noise (system + cell
noise) were measured separately, and a subtraction of the
system noise allowed us to obtain the noise of the device.
The detectivity was calculated from the I(U) characteristics
and noise measurements.
Fig. 2. I(U) characteristics of micro-bolometer: (a) planar with a-SixGey

Fig. 3. Spectral density of current noise, Inoise as a function of frequency
a-SixGeyBz:H and (c) sandwich with a-SixGey:H.
3. Results

We measured the thermal dependence of conductivity in
the thermo-sensing films used in the micro-bolometers in a
temperature range of T = 300–400 K. The activation
:H, (b) planar with a-SixGeyBz:H and (c) sandwich with a-SixGey:H.

of the micro-bolometers: (a) planar with a-SixGey:H, (b) planar with



Table 1
Comparison of the characteristics of micro-bolometers

Thermo-
sensing layer

Ea

(eV)
TCR, a
(K�1)

Pixel area, Ab

(lm2)
Pixel
resistance,
Rb (X)

Voltage
responsivity,
RU (V W�1)

Current
responsivity
RI (A/W)

Spectral
response (lm)

Detectivity, Da

(cm Hz1/2 W�1)
Reference

a-Si:H,B 0.22 0.028 48 � 48 3 � 107 106 – 5 – 14 – [3]
a-SixGey:H 0.34 0.043 70 � 66 1 � 105 2 � 105a 0.3–14 2 – 14 4 � 109 ± 1 � 109 Sandwich

structure
a-SixGeyBz:H 0.21 0.027 70 � 66 1 � 106 2.8 � 105a 2.6 � 10�2 2 – 14 5.9 � 109 ± 3.6 � 108 Planar

structure
a-SixGey:H 0.34 0.043 70 � 66 5 � 108 7.2 � 105a 2 � 10�3 2 – 14 7 � 109 ± 3.3 � 108 Planar

structure

a Voltage responsivity RU, was calculated from the current responsivity RI.
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energy of the a-SixGey:H film used in planar and sandwich
micro-bolometers was measured in a test structure, it is
Ea = 0.34 eV providing a TCR a = 0.043 K�1 and a dark
conductivity at room temperature rRT = 6 � 10�5 X�1

cm�1. While the activation energy of the a-SixGeyBz:H film
used in planar micro-bolometers measured in a test struc-
ture is Ea = 0.21 eV providing a TCR a = 0.027 K�1 and
a dark conductivity at room temperature rRT = 1.3 � 10�2

X�1 cm�1.
Fig. 2 shows the current–voltage I(U) characteristics in

darkness and under IR illumination for the configurations
studied: planar with a-SixGey:H thermo-sensing film (2a),
planar with a-SixGeyBz:H thermo-sensing film (2b) and
sandwich with a-SixGey:H thermo-sensing film (2c). In
those figures we can see the increment in current due to
IR illumination, DI = IIR � IDark, where IIR is the current
under IR radiation and IDark is the current in darkness.
The planar configuration with a-SixGey:H has a
DI = 5.4 nA (at bias voltage U = 7 V); the planar configu-
ration with a-SixGeyBz:H has a DI = 65 nA (at bias voltage
U = 7 V) and the sandwich configuration with a-SixGey:H
has a DI = 35 lA (at bias voltage U = 4 V).

The insert in Fig. 2 shows the current responsivity for:
planar micro-bolometer with a-SixGey:H film (insert of
2a), planar micro-bolometer with a-SixGeyBz:H film (insert
of 2b) and sandwich with a-SixGey:H film (insert of 2c).
The current responsivity RI, is defined as RI = DI/Pinc,
where Pinc = I0 � Ab, I0 is the incident IR intensity and
Ab is the bolometer area. The planar micro-bolometer with
a-SixGey:H film has a RI = 2 � 10�3 A/W (at U = 7 V); the
planar micro-bolometer with a-SixGeyBz:H film has a
RI = 3 � 10�2 A/W (at U = 7 V) and the sandwich micro-
bolometer with a-SixGey:H film has a RI = 14 A/W (at
U = 4 V).

The current noise spectral density (NSD), Icell noise(f), is
shown in Fig. 3, where (Icell noise(f))

2 = (Isystem + cell noise(f))
2 �

(Isystem noise(f))
2: Icell + system noise(f) is the NSD measured at

the micro-bolometer with the measuring system and
the Isystem noise(f) is the NSD measured in the system
without the micro-bolometer. The planar structure with
a-SixGey:H film presents Icell noise(f) � 10�16 A Hz�1/2, the
planar structure with a-SixGeyBz:H film presents
Icell noise(f) � 10�14 A Hz�1/2, while the sandwich structure
with a-SixGey:H presents Icell noise(f) � 10�11 A Hz�1/2.

4. Discussion

From I(U) measurements we observed a reduction in cell
resistance from Rcell � 108 X in the planar structure with the
a-SixGey:H film, to Rcell � 1 � 106 X in the planar structure
with the a-SixGeyBz:H film and to Rcell � 1 � 105 X for the
sandwich structure with the a-SixGey:H film.

The sandwich structure micro-bolometer with the a-Six-
Gey:H film presents the largest responsivity, while the pla-
nar structure micro-bolometer with the a-SixGey:H film
presents the smallest responsivity; however, the planar
structure with a-SixGey:H film presents the lowest Icell noise,
while the sandwich structure with a-SixGey:H presents the
largest Icell noise.

From the responsivity and noise measurements, we cal-
culated the detectivity values D* in the three structures. For
the planar structure with the a-SixGey:H film we obtained
D* = 7 � 109 ± 3.3 � 108 cm Hz1/2 W�1, for the planar
structure with the a-SixGeyBz:H film it is D* = 5.9 �
109 ± 3.6 � 108 cm Hz1/2 W�1 and for the sandwich struc-
ture micro-bolometer with the a-SixGey:H film it is
D* = 4 � 109 ± 1 � 109 cm Hz1/2 W�1 The performance
characteristics of the three structures studied are listed in
Table 1 and are compared with data reported in the
literature.

5. Conclusions

The largest current responsivity was found in the sand-
wich structure with the intrinsic a-SixGey:H film,
RI = 14 A/W; in the planar structure with the boron alloy
a-SixGeyBz:H film it was RI = 3 � 10�2 A/W and the
smallest value was in the planar configuration with
the intrinsic a-SixGey:H film, RI = 2 � 10�3. However,
the sandwich structure presents the larger NSD value
Icell noise(f) � 10�11 A Hz�1/2, in the planar structure with
the boron alloy it is equal to Icell noise(f) � 10�14 A Hz�1/2

and in the planar structure with the intrinsic film it is equal
to Icell noise(f) � 10�16 A Hz�1/2. Therefore despite of
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differences in responsivities and NSD values, the detectivity
values are quite similar in the devices studied, D* =
(4 � 7) � 109 cm Hz1/2 W�1.
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