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The main figure of merit for detectors whose output consists of an electrical signal that is proportional to the radiant signal power is the
normalized detectivityD*, which is directly proportional to the signal-to-noise rat®\ R). In order to have an accurate value for the
signal-to-noise ratio of an optical detector, the noise level of the measurement system and the bias circuit should be small compared to the
noise of the device under test. In this paper a low-noise setup to make noise measurements on optical detectors is analyzed and characterize
for the specific case of an antenna-coupled microbolometer. The noise floor of the setup was calculated and measured algbgkitz].3

which gives detector-noise-limited measurements for microbolometers with resistances as lovf2ag B@0measurement setup was used

to characterize the noise of a 200antenna-coupled microbolometer made out of chrome. Measurements showgtftscomponents in

this particular device.
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El parametro principal para caracterizar detectores cuya salida consiste erfiahaksgirica proporcional a la potencia luminosa incidente
es la detectividad0™), que depende directamente de la relaciofiaeruido (SN R). Con el objeto de obtener un valor preciso para la
relacbn séial-ruido de cualquier tipo de detector@gsticos, se debe cuidar que el nivel de ruido del sistema de rbadjceél circuito de
polarizacbn sean pequi®s en comparagn con el ruido del dispositivo que se @sfaracterizando. En este trabajo se presenta un sistema
de caracterizabn con un nivel bajo de ruido que puede ser utilizado para analizar y caracterizar cualquier tipo de ddiptitm®s
Este sistema fue probado esffisamente en microbdmetros acoplados a antenas. El ruido del sistema fue medido e’V¥~3Hz lo

que permite realizar mediciones en micrdbaoletros con resistencias tan bajas como Q0&ste sistema de medari fue utilizado para
caracterizar el ruido de un microldohetro de cromo acoplado a una antena y que presentaba una resistenci®de@dMediciones sobre
este dispositivo en particular mostraron dos componentg$ en el espectro de ruido obtenido.

Descriptores: Detectores acoplados a antenas; microbmatros; ruido electmico; detectoreépticos; diséo de amplificadores.

PACS: 01.50.Kw; 07.50.Hp; 07.57.Kp

1. Introduction the incident radiation is absorbed to change the temperature
of the material, and the resultant change in some physical
An optical detector can be defined as any process which comproperty is used to generate an electrical output. The signal
verts optical energy into another useful form of energy. Bydoes not depend upon the photon nature of the incident radia-
far the most widely used optical detectors are those that cortion. Thus thermal effects are generally wavelength indepen-
vert an optical signal into an electrical signal. Noise in opticaldent: the signal depends upon the radiant power (or its range
detectors causes random fluctuations in the output that caof change) but not upon its spectral content. Thermal detec-
not be distinguished from the signal, so noise degrades th@rs are typically operated at room temperature; they are usu-
quality of the output signal. There are many sources of noiseally characterized by modest sensitivity and slow response
some are fundamental and cannot be eliminated, while othe(®ecause heating and cooling of a detector element is a rel-
are technical in nature and can be reduced. The main sourcasively slow process) but they are cheap, easy to use and do
of noise are either intrinsic to the photon field, attributed tonot require cooling to suppress dark current. They have found
the detector, or associated with the measurement circuit [1]widespread use in low-cost applications which do not require
There are two fundamental classes of detectors: photohigh performance and speed [2].
detectors, which respond to the number of photons which are  One of the most popular types of thermal detectors are re-
absorbed, and thermal detectors, which respond to the energistive bolometers, which are temperature sensitive resistors
which is absorbed [1]. Photon detectors absorb radiation bynade from metals, semiconductors or superconductors which
interactions with electrons, either bound to lattice atoms oexhibit a high temperature coefficient of resistance (TCR) so
impurity atoms, or with free electrons. The observed electhat a small amount of absorbed radiation will produce a large
trical output signal results from the changed electronic enchange in resistance. These devices are operated by passing
ergy distribution. Photon detectors show a selective wavea bias current through the detector and monitoring the output
length dependence of the response per unit incident radiatioroltage. In the case of bolometers, radiant power produces
power. They exhibit good signal-to-noise performance and &eat within the material, which in turn produces a change in
very fast response. On the other hand, with thermal detectorsgsistance, there is no direct photon-electron interaction [3].
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With traditional bolometers the resistive element is notR; plus the noise of the detectoty) added in quadrature [8]:
only used to detect the radiation, but the surface is also used
to collect it. The problem with this approach is that, in or- \/( Npias Rb >2 N

ny =

2
der to collect a substantial amount of infrared radiation, the Ry + R, M- 2

resistive element needs to have a large capture cross section

which translates into a large thermal mass which would yieldThe noise at point 21(;) is given by the noise at point 1

in slow detectors [4]. amplified by10x plus the noise of the amplification stage
By coupling an antenna to a small bolometer it is possible10x) added in quadrature:

to have fast detectors without sacrificing collection area. The

antenna will be the collection mechanism and the bolometer ng = \/(10 n1)? +nfo 3)

will detect the collected radiation. Also when the detector el-
ement is small (microbolometer), a small amount of energylf more than one stage of amplification is required, a high-

will be needed to make a large change in resistance; ther®aSs filter should be used between the amplification stages.
fore, a smaller detector will have better responsivity [4,5]. For a first-order high-pass filter the noise at point:g)(will

The main figure of merit for detectors whose output con- be g(]jwen by ;hi ng'sﬁ at point 2120f pLus the addmoré n h
sists of an electrical signal that is proportional to the radlanﬂu"; raturef IO the Johnson noise of the resistor used in the
signal power is the normalized detectiviy (or D-star) sug- ' '9N-Pass ilter R p):

gested by Jones [6, 7] and defined as ns = \/na? + kT Rpp, 4)
pr - SNRx VAAS ) wherek is the Boltzmann constant afidis the absolute tem-
P, ’ perature. The noise at point 44) is given by the noise at

point 3 amplified by the gain of the second amplifying stage
plus the noise of the amplification stage{yx) added in
quadrature:

whereS N R is the signal-to-noise ratiol, is the area of the
detectorA f is the measurement bandwidth aRg is the ra-
diant input power. The importance Bf* comes from the fact
that it permits a comparison of detectors of the same type but
with different areas and different measurement bandwidths.

In order to have an accurate value for the signal-to-noise
ratio of optical detectors the noise level of the measurement
system and the bias circuit should be small compared to the BRias
noise of the device under test. In this paper a low-noise
setup to make noise measurements on optical detectors is ar
alyzed and characterized using a Z0@ntenna-coupled mi-
crobolometer.

2. Method i

Figure 1 shows a schematic representation of the amplifica-

tion stages used to measure the noise and response of optici

detectors. By using amplification stages, the noise level of R
b

Ny = \/(100 “n3)2 +nlo0x- (5)

Circuit

the measurement equipment relative to the noise of the de-
tector is reduced; for example, amplifying the output signal
1000x will make the noise of the measurement equipment
appearl000x lower in comparison. This will give a more
accurate reading; however, the amplification stages introduce
some additional noise in to the system which needs to be
small compared to the noise of the detector. Two amplifi-

cation stages and a high-pass filter are needed if amplifica- @ @ @
tions higher thari00x are desired or else the dc-bias voltage % f

(which is usually around00 mV) will saturate the amplifica-

tion stage. The noise contribution of the filter will be reduced

if it is placed after the first amplification stage. The noise High-PaSS
analysis of the circuit shown in Fig. 1 proceeds as follows: Filt

the noise at point 1r(;) is given by the noise of the bias volt- ntet
age (uq5) divided by the voltage divider formed by, and  Ficure 1. Electronic setup to measure optical detectors.
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oV Batt sis for this circuit can be obtained by superposition and by

adding the individual noise contributions in quadrature. The
noise contribution of the op-amp comes from two sources:
1.8k02 its voltage noise and its current noise, which are parameters
than can be found in the op-amp’s data sheet or measured
directly. The voltage noise contribution is given By,q.mp,
oo | _L J_ —0 IV which can generally be found in the opamp’s datasheet, and
0T e 108 the current-noise contribution is the voltage generated by the
I I current noise flowing through external resistors. In the case
of the circuit shown in Fig. 3, the current-noise contribution
N @woo is given byi, (R.||Ry) andi,(R:||Rr). The noise due to

T TL1028
t +

the external resistorB;,, R,, Ry and R, is given by

Rb RL
VAKTR, [ =2 ), \AkTR, [ —L ),
L(RL+Rb) b(RL+Rb>
Ry
VAKTRr (=2 — ) and /4kTR(
F(RF+R1> Gt i +R1

respectively. All these expressions for noise voltages are re-
ferred to the input; therefore, they have to be multiplied by
the gain to get the noise at the output of the amplification
stage. The total noise of the amplification stage, referred to

RL the input, is given by:
() (et )
R + Ry R, + Rp
R, 2 Ry )2
Ry | ——— Ry | =———=
L(RLJFRb) + b(RLJer

R\ Ry \°
A (RF+R1> i <RF +R1)
For a 10x amplification stage withRr=499 Q2 and
R1=54.9 Q with a 2009-bolometer biased at 100 mV
(Rp=200 Q and R, =1.8 k2) using a TL1028 ultralow noise
- op-amp Gopamp = 0.850V/vHz,i, = 1.6 pA/v/Hz both
FIGURE 3. Amplification stage for optical detectors. measured at 100 Hz [9]), the total noise at the output will be

given by the contribution of the bias voltage and the noise of
The total noise of the system referred to the input is the totathe amplification stage:

FIGURE 2. Low-noise bias source for optical detectors.

1Y%

— TL1028 Nemp = Npamyp + 10

J’_

ouT

+ 4kT

(6)

noise at the output divided by the total amplification, that is: 5
nr = n4/1000 Npias b 2 7
The total noise in the circuit shown in Fig. 1 can be re- fttotal \/(Rb + Ry, + Mamp: ()

duced by making the noise contributions of the bias volt-

age and the amplification stages as small as possible. Fig Results

ure 2 shows the bias circuit used; the use of batteries and

decoupling capacitors along with an ultralow noise op-ampThe noise of the bias voltage was measured to ¥ 7v/Hz

(TL21028) helped reduce the noise of the bias voltage tat 100 Hz, and the theoretical noise contribution of the ampli-

7nV/v/Hz at 100 Hz. The bias circuit in Fig. 2 gives a 1V fication stage is 2.1V /v/Hz calculated using Eq. (6). The

fixed output which will be reduced to the desired bias voltageotal noise referred to the input is 212/ /+/Hz, calculated

by resistorR;, from Fig. 1; a fixed bias voltage was chosen to using Eq. (7); since a 20Q resistor has a Johnson noise of

avoid the highl / f noise level of potentiometers. Decoupling 1.8 nV/v/Hz, the amplification stage shown in Fig. 3 will

capacitors are used to reduce the high frequency noise in thgve detector-noise-limited measurements for microbolome-

system. Batteries power the op-amp and are used instead t&frs with resistances as low as 200

regulated power supplies due to their lower noise. Figure 4 shows a graph of the total noise of the am-
Figure 3 shows an amplification stage for optical detec-plification stage compared to the Johnson noise of the mi-

tors with a gain given by{Rr/R; + 1). The noise analy- crobolometer as a function of its resistance. The graph also
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has a measurement range of g4z to 100kHz. The noise
introduced by the signal analyzer was attenudtg@ < re-
ferred to the noise of the detector due to the amplification
stages of the test setup. The noise floor of the test setup was
measured by shorting the bolometer. The result is shown in
Fig. 5, and we can see that the noise floor is very close to the
1.3nV /v/Hz noise expected from the theoretical noise calcu-
lations. The spikes in the measurements are 60Hz power-line
harmonics introduced into the system.

Using this test setup, a 2QQ chrome antenna-coupled
microbolometer was characterized. The noise characteris-
tics of microbolometers depend on the bolometric material
used and its deposition process; devices that are sputtered
show lower noise levels than evaporated bolometers, because
sputtering provides a better contact between the bolometric
material and the gold structures, which redutég noise.
Figure 6 shows the noise spectrum of a 2D@-beam evap-
orated chrome microbolometer obtained using the test setup
described above. The noise spectrum obtained was fitted to
the following noise function:

Total Noise

Johnson Noise

Moise (nV/vHz)

Noise of the Amplifier

0 200 400 600 800 1000
Resistance of the bolometer (ohms)
FIGURE 4. Theoretical calculation of the noise of one amplification

stage.
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4. Conclusions

100 200 300 400 500

Frequency (Hz) A low-noise setup consisting of a bias circuit and amplifica-
FIGURE 5. Noise floor of the measuring electronics. tion stages.that can be used to measure the signal-to-noise
ratio of optical detectors has been analyzed and character-
. . . . . ized using a 20@2 antenna-coupled microbolometer. The
test setup consisted of a bias circuit and several amplification
0 m——— +—= +6 and filter stages; the amplification stages reduced the noise
f Vi level of the measurement equipment relative to the noise of
the detector. The bias circuit was built using batteries and
decoupling capacitors along with an ultralow noise op amp
(TL2028); all this helped reduce the noise of the bias voltage
to 7nV/v/Hz at 100 Hz. Batteries were also used to power
the op-amps instead of regulated power supplies due to their
lower noise.
The noise floor of the setup was calculated and measured
at about 1.3nV/v/Hz, which gives detector-noise-limited
200 400 @00 200 1000 . . .

i) measurements for microbolometers with resistances as low
as 2001). This measurement setup was used to characterize
the noise of a 200 antenna-coupled microbolometer made
out of chrome. Measurements showed tg* components
shows the noise of the electronics, which is obtained by su?" this particular device.
tracting in quadrature the total noise from the Johnson noise
of the microbolometerriccironics = /M7y, — 4kT Ry). Acknowledgments
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FIGURE 6. Noise spectrum for a 20D chrome microbolometer
and fitting function.
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