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Improved structure for SOI diode uncooled
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Abstract; The silicon-on-insulator( SOI) diode uncooled infrared focal plane array(IR FPA) uses single-crystal sili-
con PN junction diodes as a temperature sensor, and has various advantages over other MEMS-based uncooled IR
FPAs. The basic principle and the advances of the two different SOI diode uncooled IR FPA are describes, including
operation of the diode temperature sensor, the design of the pixel structure, the theory calculation and the simulation
results. The improved structure, the IR absorbing structure was made in the upper level to cover almost the entire pixel
area, in which the fill factor can increase from 21% to 80% . The calculated results show that the sensitivity of the im-
proved structure raises to 7.75 x 10 7 V/K and the noise equivalent temperature difference( NETD) decreases to 43 mK
(£71.0) 1in a 35 wm x 35 wm micromachined structure, which is close to the international advanced level. Meanwhile,

the simulation results also confirm the improved performance and the possibility for large format uncooled IR FPAs.
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Introduction

Recently uncooled infrared (IR) imaging technology
has been widely applied to such fields as surveillance,
biomedical diagnostics, intelligence agricultureand auxil-
lary safety systems for moving bodies. Since uncooled IR
focal plane arrays( FPAs) do not need cryogenic coolers,
uncooled IR cameras are much superior in size, cost and
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lifetime and power consumption compared with cooled IR
cameras. Although many approaches have been proposed
for uncooled IR FPAs, most of them use materials for the
temperature sensing element, which are not commonly
used in Si-LSI( Large Scale Integration) process. For the
SOI diode uncooled IR FPA, single-crystal silicon PN
junction diodes are used as a temperature sensor, which
is not only commonly used in Si-LSI process, but also
promises high uniform responsivity and productivity. And

WS HEE: 2013 -01 - 04, f&[E HHEA: 2013 - 03 - 21

Foundation items: Project supported by the Beijing Science and Technology Project(Z111104055311062) , and Key Laboratory ofMicroelectronics De-

vices & Integrated Technology.

Biography: Jiang Wen-Jing(1983-) , female, Beijing, doctor. Research area involves Micro-Electro-MechanicalSystems with infrared imaging system.

E-mail; jiangwenjing@ ime. ac. cn
* Corresponding author: E-mail; jiangwenjing@ ime. ac. cn



31 JIANG Wen-Jing et al:Improved structure for SOI diode uncooled infrared focal plane arrays 219

it has already been applied in practice''?’.

The SOI diode uncooled IR FPAs are expected to
play an inimitable role in the commercialization of infrared
imaging technology. In the conventional design, absorbing
area only covers the PN junction diodes, caused low fill
factor>'. Since the fill factor is defined as ratio of detec-
tion area to the detector area; its values depend on the
structure design and the shape of the supporting leg.
Compared with our conventional design, in order to fur-
ther reduce the pixel size and to improve device perform-
ance, a high fill-factor structure is proposed.

The basic principle and the advances of the im-
proved SOI diode uncooled IR FPA are discussed in this
paper, including operation of the diode temperature sen-
sor, the design of the pixel structure, the theory calcula-
tion and the simulation results. Finally analysis shows
that the device performance has been sharply improved
by our new design with high fill factor.

1 Theory of diode temperature sensor

As we know electrical characteristics of the PN junc-
tion is sensitive to temperature, which can be used for
temperature sensing in uncooled IR FPAs. An ideal diffu-
sion-limited characteristic of a diode function with the for-
ward-bias voltage V, and the current [, is given by

I, =8, J, - exp(-qV/kT) , (1)
where S, is the junction area, J, is the saturation cur-
rent, ¢ the magnitude of electronic charge, k the
Boltzmann’s constant, T the temperature.

Figure 1 shows voltage-current characteristics of a
diode at two different temperatures, the forward voltage
of a PN junction decreases with the increasing tempera-
ture. The typical data, which means the variance of for-
ward voltage with temperature changes 1 °C, of the sili-
con PN junction is 2 mV/°C"™*' | and this is the basic the-
ory for our uncooled IR FPAs.

i

14

Fig.1 Operation of the diode temperature sensor
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2 SOl-diode detector pixel design

Conventional design( Type 1) of the SOI diode un-
cooled IR FPAs is shown in Fig. 2 the PN junction di-
odes formed in a suspended plate are used as a tempera-
ture sensor, and the plate is supported by two thermal i-

solation legs with electrical interconnections, the IR ab-
sorber is directly fabricated on the PN junction diodes,
and filled with the dielectric film with a thickness of 1/4
wavelength of IR radiation **’. Type 1 design has a sim-
ple fabrication process, but the IR absorbing area is lim-

ited and equal to the temperature sensor, this result in a

fill factor 20% only.

Reflector

Interconnect

Dielectri

Trench
Etching
Stopper

Support

Buried

Fig.2 The cross sectional pixel structure for conventional struc-
ture( Type 1)
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To obtain higher sensitivity, the thermal conduct-
ance of the support leg is designed to be as small as pos-
sible and the infrared-absorbing area is designed to be as
big as possible. So a noveldesign with fill factor of 80%
has been proposed. Figure 3 shows a cross section of a
pixel structure of improved design( Type 2), the dielec-
tric film has been replaced by a vacuum gap with the
same thickness, and the IR absorber is supported by two
thin pillars. Thus the IR absorbing area forward voltage
is expanded to the whole pixel, consequently, the fill
factor is increased to 80% .
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Fig.3 The cross section of a pixel structure of the improved
design( Type 2)
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3 Performance estimation

Prediction for the performance in vacuum is obtained
using simple analytical expressions for thermal conduct-
ance, the thermal time constant, the sensitivity and the
noise equivalent temperature difference( NETD).

The device performance can be estimated by the
thermal conductance, the thermal time constant, the sen-
sitivity and the noise equivalent temperature difference

(NETD).
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The thermal conductance is given byw’ﬂ .
Aw.d.
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where A is the area of the detector, sthe emissivity, othe
Stefan constant, T’ the temperature of the detector, \

w., d

length for different film, respectively.
The thermal time constant:
r=C/G ,
where C is the total thermal capacity.
The output voltage is given by

dv
V. = n—1| AT
o tar AA ’

i

., d,, 1. is the thermal conductivity, width, thickness,

where n is the number of the PN junction v is the

7 dT |,
temperature sensitivity of a PN junction, AT is the tem-
perature difference.

The sensitivity is given by :
R, =V/q ,
where ¢ is the power of radiation.
The NETD is given by

ST = ,
s dV ’
nart!

where V| is the total noise voltage, H is the ratio between

the temperature difference of the detector and the temper-
ature difference of the objective.

Assuming the incidence radiation heat flux density is
200 W/m’, the environment temperature is 300 K, the
absorption coefficient is 1, and the size of those two
structures is 35 X 35 pum. The comparison in Table 1
shows that, performance of type 2 device has been obvi-
ously improved. The sensitivity of the Type 2 structure
increased from 1.37 x 10 *V/K to 7.75 x 10 > V/K,
which is almost double that of Type 1 structure. The
NETD decreased from 126 mKm to 42 mKm. Mean-
while, the thermal time constant is little more than that
of Type 1 structure, since the disappeared dielectric low-
ered the thermal conductance, but it still is acceptable
for practical application.

Table 1 Calculated performance

x1 MENTESER

Performace Type 1 Type 2
Thermal conductance(W/K) 9.2x10°8 6.19x10 8
Ty, (msec) 17.8 21.9
Sensitivity (V/K) 1.37x10 ~* 7.75x10 73
NETD(@{/1.0) (mK) 126 42

4 Thermal modeling

In this work the heat transfer within the detector has
been solved by using the computational fluid dynamics
(CFD) model™ . An ANSYS model has been used to
solve and predict the behavior of the heat transfer for the
PN junction diodes.

Finite element analysis( FEA) simulations were per-
formed for the design with the same parameters as that a-
dopted in the theoretical calculation . Temperature distri-

bution for different structure is shown in Fig. 4 (a) and
(¢), and the relationship between the temperature and
the thermal time is shown in Fig.4(b) and(d).
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Fig.4 (a) Nodal temperature distribution for Type 1;(b) the

relationship between the temperature and the thermal time for
Type 1;(c) Nodal temperature distribution for Type 2; (d) the
relationship between the temperature and the thermal time for
Type 2
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From the simulation results, it is clear that with the
same incidence radiation heat flux density, the tempera-
ture of the sensor will increase 0. 591 °C and 1.932 C
for Type 1 and Type 2 structure, respectively. It means
that the output voltage is much higher than before, so the
sensitivity of the device enhances correspondingly. The
thermal time constants of the two structures is 27 msm
and 33 msm, respectively, since the vacuum condition is
not taken into account in the simulation, the thermal time
constant is higher than the calculated value. All of these
demonstrate the feasibility of the Type 2 structure.

5 Conclusion

The improved structure with the absorbing structure
suspending above the PN junction diodes and covering al-
most the entire pixel area, dramatically increases fill fac-
tor from 21% to 80% . Both the simulation and theoreti-
cal calculation demonstrated that the performance of the
SOI diode uncooled IR FPAs is much improved in per-

formance.
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