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We have designed, fabricated and measured infrared trap detectors made from arsenic-doped silicon (Si:As)
blocked impurity band (BIB) photodetectors. These trap detectors are composed of two detectors in a wedge
geometry, with an entrance aperture diameter of either 1 mm or 3 mm. The detectors were calibrated for quantum
efficiency against a pyroelectric reference detector using a Fourier transform spectral comparator system, and
etalon effects and spatial uniformity of the traps were also quantified. Measurements of the traps at a temperature
of 10 K show that nearly ideal external quantum efficiency (> 90 %) can be attained over much of the range from
4 pm to 24 pm, with significant responsivity from 2 pm to 30 pm. The traps exhibited maximum etalon oscillations
of only 2 %, about 10 times smaller amplitude than those of the single Si:As BIB detectors measured under similar
conditions. Spatial non-uniformity across the entrance apertures of the traps was about 1 %. The combination of
high detectivity, wideband wavelength coverage, spectral flatness, and spatial uniformity make these trap
detectors an excellent reference detector for spectrally-resolved measurements and radiometric calibrations over
the near- to far-infrared wavelength range.
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1. INTRODUCTION

Optical trap detectors composed of multiple planar
semiconductor devices are an important tool for radiometric
calibrations, but until now have been very limited in their infrared
(IR) spectral coverage. Trap detectors were first developed using
silicon photodiodes, and often serve as intercomparison reference
standards in the visible and near-IR [1-4]. A few groups have also
published results in the near-IR using traps made from InGaAs
photodetectors [5,6]. Trap detectors can attain external quantum
efficiency near 100 % and when made from devices with excellent
characteristics (e.g, spatial uniformity, high detectivity, low dark
current), the traps inherit those performance capabilities. In this
work, we present results on a wideband infrared trap detector with
responsivity from 2 pm to 30 pm and external quantum efficiency
>90 % for most of the range from 4 um to 24 pm.

For our wideband infrared trap detector, we have used arsenic-
doped silicon (Si:As) blocked impurity band (BIB) detectors.
Although these detectors are not readily available commercially, they
have been the detector of choice for mid- and far-IR calibrations by
the National Institute of Standards and Technology (NIST) [7], and
for Earth- and satellite-based mid-IR telescopes and imagers
developed by the National Aeronautics and Space Administration
(NASA) [8-10] from soon after their development in the 1980s [11].
The Si:As BIB detector is operated at a temperature near 10 K, and
for typical arsenic doping levels its external quantum efficiency is
greater than 10 % from 2 pm to 30 um, with a maximum of about
60 % from 14 um to 22 pm. Not only do these detectors exhibit wide
IR responsivity, but they also have excellent spatial non-uniformity of
about 1 % over square millimeters and low dark current of 10-10
A/mm? at 10 K. The dark current scales with an activated response,
as shown in Figure 1, so thatby 7 Kitis near 10-12 A/mm?2.
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Compared to other detector types with sensitivity in the
longwave-IR, the Si:As BIB detector has significant advantages. The
detectivity of these photodetectors can be as high as
1014 cm-Hz1/2-W [12]. Their maximum operating frequency, which
depends on the time required for photo-generated holes to hop
between neighboring As sites to the back contact, can reach 1 MHz.
Compared to typical thermal detectors of similar size they are much
more sensitive and have faster response: they are 103 times more
sensitive and 102 times faster than cryogenic bolometers, and they
are 105times more sensitive and 103 times faster than room-
temperature pyroelectric detectors. Compared to typical mercury
cadmium telluride (MCT) detectors, Si:As BIB detectors are
responsive out to longer wavelengths and are much more spatially
uniform. In addition, the family of BIB detectors based upon doped
Si, Ge, and GaAs, shows promise for further improvements to
capabilities in far-infrared and terahertz sensing [13-15]

The BIB detector is a photoconductive device with IR sensitivity
from a heavily-doped impurity band (~ 1x108 cm3 dopant
concentration), and maintains low dark current with an undoped
silicon blocking layer between its electrodes. Figure 2 provides a
schematic for a backside-illuminated Si:As BIB device to illustrate
photodetection and the mechanism of the blocking action. In a
backside-illuminated detector, photons must pass through the
detector substrate before reaching the sensing layer, the Si:As IR
active layer (IRAL). Transparent contacts around the IRAL are used
to bias the device, and are usually made from degenerately-doped
Si:As. The aluminum front layer reflects any signal which is
transmitted entirely through the device. In a single detector, this
layer boosts detector external quantum efficiency by passing the
beam twice through the IRAL before leaving the device. External
quantum efficiency (EQE) is the ratio of signal registered by the
detector to the total signal, and the internal quantum efficiency (IQE)
is the ratio of signal registered by the detector to the total signal
absorbed by the detector. In the trap detector, this reflective layer is
also essential to capturing the non-absorbed signal after each
bounce, and limiting light which escapes from the trap. For the
wavelength range 2 pm to 30 pm, the reflectance of thin film
aluminum can be greater than 98 % [16]. The positive charge
carriers are the ionized As* ions, which are at high enough density
that they are effectively mobile through the action of electron
hopping between As donor sites. There are also always some
acceptor impurity sites, which are not mobile due to their very low
concentration.

The BIB detector works as intended only when biased in the
polarity shown in Figure 2b, with the front contact near the blocking
layer at the higher voltage. In the absence of photons, device current
is minimized by the blocking layer and by carrier depletion in the IR-
active layer. The positive As* ions must diffuse from the front to back
contacts, but they cannot be supplied from the front contact due to
the intervening blocking layer, which contains no As donor sites: this
is the mechanism by which donor ion current is suppressed. Charge
separation in the IRAL occurs because the mobile As* ions move
toward the back contact and cannot be replenished, but the negative
acceptor ions (often boron) are not mobile and are left behind. This
depleted region will have few As+ ions and negative overall space
charge which will impede the flow of electrons from the back
contact: this is the mechanism by which electron current is
suppressed.

With light incident on the device, a photon can be absorbed in the
depleted region at a donor site, releasing a positive donor ion and a
conduction electron. The As* ions move toward collection at the
back contact and electrons are swept to the front contact. Collection
efficiency of electrons is high because there is very low concentration

of As* ions in the depleted region. For low light levels, the
concentration of photo-generated electrons is also low, so collection
efficiency of donor ions can also be very high. If the photons pass
through a relatively thick (> 100 um) Si substrate before reaching the
IRAL, absorption in the silicon will be the primary source of internal
loss. For a well-chosen bias voltage, about 2 V in typical devices, the
detection efficiency and the gain of the IRAL can be near unity. If the
bias voltage is too low, the width of the fully depleted region will be
very small and quantum efficiency of the IRAL will fall, whereas if it is
too high, impact ionization at the back contact will generate
additional electrons and raise the gain above unity.

For many cryogenic experiments the Si:As BIB detector has
unique capabilities for wideband infrared measurements, but for
spectral measurements it has an inherent weakness due to its thin
film construction. Etalon, or channeling, effects can be quite
pronounced for BIB detectors, with oscillations in the spectral
response due to coherent interference of light reflected between the
top and bottom layer of the IRAL, and between the top and bottom of
the entire device. Figure 3 shows the spectral response of a single
BIB device from 750 cm! to 1050 cmt (13.3 pm to 9.5 pm) showing
oscillations as large as 10 %, and two different oscillation periods.
The oscillation with 4 cm?! period is from interference across the
silicon substrate (width 350 pm) and the larger 72 cm? period is
from interference across the IRAL (width 15 pm). The oscillation

periods expected from a simple estimate, Ao = ; (index
2nw cos 6

of refraction n, layer width w, angle of incidence 6), are 4.2 cm! and

98 cmrl, in reasonable agreement with the results. The long period

oscillation in the transmittance of the non-biased device is 95 cm!

[17], but this period is reduced in the measurement of photo-

response in the biased device. In terms of wavelength, the oscillation

period is A4 = /12dcr, so at 10 pm the oscillation periods are
approximately 0.04 um and 1 ym. Low uncertainty narrowband
spectral measurements and radiometry with the BIB detector are
thus problematic, if the response can change by nearly 10 % when
the wavelength changes by only 40 nm.

Development of a trap detector using Si:As BIB photodetectors
has two distinct motivations. The first is that it provides, over a wide
range of the IR, the standard capabilities of a trap detector which are
valued for radiometry: near ideal response (i.e. unity EQE) and no
back-reflection. The second motivation is that the trap arrangement
can wash-out the prominent etalon effect of BIB detectors and secure
all the excellent qualities of Si:As BIB photodetectors in a device
which can be used for low uncertainty measurements over well-
defined spectral limits. Etalon oscillations are a result of spatial
phase coherence, but in a trap where the angle of incidence is
different on each bounce, the phase is effectively randomized.

2. DESIGN OF THE TRAP

We employed a wedge geometry for the light-trapping detector
composed of two Si:As BIB detectors (BIB trap). By using only two
detectors, the dark current is kept small, and as light bounces down
the wedge, the angle of incidence at each detector changes. The
critical parameters defining the wedge trap are the initial angle of
incidence and the angle between the detectors in the wedge (see
Figure 4). We modeled the behavior of such a wedge to determine
the values of these two parameters which would minimize the area
of detectors required to capture all the light, given a fixed aperture
size at the entrance of the trap. Smaller detectors will exhibit less
noise and also lead to a more compact design. Starting with an f/4
beam focused at the aperture of the trap, we considered how the



beam area would increase for a wedge with a minimum of 7 bounces
before escape from the trap.

Results of the modeling identified the optimal initial angle of
incidence and the optimal wedge angle to be 49 degrees and
14 degrees, respectively. Figure 5a shows how the detector area
scales with initial angle of incidence and wedge angle, for the case of
a 3 mm diameter entrance aperture. Although smaller areas are
possible for very small wedge angles, for ease of construction we
settled on 14 degrees for the minimum wedge angle to use. For a
3 mm diameter entrance aperture and a fixed wedge angle of 14
degrees, Figure 5b shows how detector area depends upon initial
angle of incidence, identifying 49 degrees as the initial angle which
yields the minimum area. Based on the modeling, we determined
that for a 3 mm diameter aperture and an incoming beam with f/4
divergence, it would be possible to employ a rectangular detector
with active area dimensions of approximately 7.4 mm x 9.7 mm.

The mechanical assembly for the BIB trap is shown in Figure 6.
The rigid mount is made from Invar to minimize thermal contraction
during cooldown, and differential contraction between Invar and
silicon is very small. Gold-plating is used to minimize oxidation of the
Invar when in ambient conditions. For modularity, the detectors are
epoxied into silicon carriers, and these carriers are epoxied to the
mount. In this way the detectors can be positioned and wire-bonded
on the carriers before being attached to the mount. A small circuit
board, with coaxial connectors, is attached to one face of the trap for
the bias, signal and guard connections to the detectors. The
detectors share the same bias and guard, and their signal lines are
summed for a single output. A polyimide flex circuit with copper
traces connects the detectors to the circuit board. An aperture well
at the top of the mount can accept a precision aperture.

3. EXPERIMENTAL PROCEDURE

All measurements were made using a spectral detector
comparator system based around a Fourier transform spectrometer
(FTS), using the FTS as the light source and comparing response of
the BIB detectors to that of a calibrated pyroelectric detector [18].
The schematic in Figure 7 shows the layout of this instrument.
Nearly collimated light from the FTS first passes through a spatial
filter with a 150 pm aperture, and is directed to an off-axis gold-
coated parabolic mirror mounted on top of 3 mechanical stages. One
of the stages is a rotation stage which can direct the beam to the left
in the figure (the pyroelectric reference detector) or to the right (the
BIB trap detector under test). One linear stage can focus the beam at
the detector being measured. Another linear stage and the rotation
stage are used to scan the beam over the detectors for spatial
uniformity measurements. Spatial uniformity was measured as a
function of wavelength by operating the FTS normally. It was also
possible to measure broadband spatial uniformity by stopping the
spectrometer’s internal scanning mirror and measuring the chopped
blackbody signal from the globar source of the spectrometer. A
purge box, supplied with air filtered of CO2 and H20, covers all the
measurement components between the FTS and the detector under
test, to reduce atmospheric absorptions in the infrared.

Automated software control was used to execute EQE
measurements, with the beam sequentially moved between
reference and test detectors. Each measurement cycle consisted of
data collection at each detector, so the test detector response could
be scaled by the reference, and a cycle lasted no more than 30
minutes, in order to minimize drift. Multiple cycles were collected
over up to 12 hours and then averaged. Etalon measurements were
made at high FTS spectral resolution (~ 1 cm?) and all other
measurements were typically made at 32 cm? resolution. The
uncertainty (k=2) of the calibration on the pyroelectric reference

detector was approximately 0.024 V/V (2.4 %) from 1.6 um to 19 um
and 0.050 V/V (5.0 %) above 19 ym. All measurements were made
with the BIB detectors at a temperature of 10 K, temperature-
controlled with stability of 0.1 mK.

4. RESULTS AND DISCUSSION

A. Single BIB Detectors

We measured two different types of Si:As BIB detectors, and
assembled trap detectors based on each of them. The first type of
detector (denoted Type 1) is backside-illuminated with a relatively
thick substrate (350 um) and relatively thin IRAL (15 pm). Type 1
detectors have a maximum area of approximately 3 mm x 3 mm.
The second type of detector (denoted Type 2) is also backside-
illuminated, with the substrate polished away, and a relatively thick
IRAL (54 um). Type 2 detectors were made in three sizes, with the
maximum detector area of 11.5 mm x 15 mm sufficient for a trap
design with a 5 mm diameter circular aperture. Type 1 detectors
exhibited excellent spectral responsivity, near optimal for Si:As BIB
detectors, and the trap made from these detectors had the best EQE.
Although the spectral responsivity of the Type2 detectors was
relatively poor, due to fabrication problems, it was possible to
fabricate larger aperture traps from these larger detectors.
Performance results such as spectral flatness and spatial uniformity
were more completely tested using these larger traps.

Quantum efficiency data for the single Type 1 detectors has been
published before [19] and is reproduced in Figure 8. These detectors
are operated at a reverse bias of 2 V and exhibit a maximum
efficiency near 60 %. The EQE is calculated by dividing the
responsivity (in A/W) by the ideal response (Ae/hc) for a photon-
counting detector. The structures evident in the FTS data near 9 um
and 16 um are from the most significant absorptions in silicon, and
these noticeable features are due to the relatively thick substrate.
Quantum efficiency data for the single Type 2 detectors in Figure 8
show that these detectors are significantly poorer for wavelengths
beyond 10 um. The arsenic doping of these detectors was measured
by secondary ion mass spectrometry (SIMS) after fabrication and
found to be 60 % to 90 % higher than the target of 1x10-18 cm3. At
such high doping (weakly degenerate), it is difficult to maintain
depletion in the IRAL, and so dark current and recombination are
elevated. These detectors were operated at a reverse bias of 6 V to
improve depletion, but higher biases result in elevated gain at
shorter wavelengths due to impact ionization. A positive attribute of
these detectors is that the silicon absorptions seen in Type 1
detectors are absent because Type 2 detectors have no silicon
substrate layer.

The magnitude of the etalon oscillations are similar for Type 1 and
Type 2 detectors, but the period of oscillations differ due to the
different layer thicknesses in the two devices. In particular, the total
thickness for the Type 2 detectors is about 6 times less than for the
Type 1 detectors, so the shorter period is about 25 cm! rather than
4 cml. Figure 9 shows the spectral structure from 1980 cm to
2180 cm? (5.1 um to 4.6 um) for a Type 2 detector. This spectral
range shows oscillations of approximately 17 % full depth. The
depth varies with wavenumber (wavelength), is a maximum of 24 %
near 2600 cm? (3.8 pm), and falls off at lower wavenumbers to
about 5 % at 1100 cm (9.1 pm). The depth of the etalon oscillations
depends upon the complex index of refraction of the Si and IRAL,
which have significant spectral character.

In earlier work, we used reflectance and transmittance
measurements to determine the complex index of refraction of the
IRAL in the Type 1 detectors [17]. A simple analysis, ignoring
coherence effects, derived the spectral curves for nira. and kirav of the



Si:As IR active layer, shown in Figure 10. With these extracted values
it is possible to calculate the total reflectance (Rwr) from a Type 1
detector, assuming no internal losses in the IRAL. Over the range
from 10 pm to 23 pm, the value of the EQE measured agrees with
“l-Re” to within 15%, indicating that internal losses and
transmission are not large. Of the total signal reflected from the
detector, about 30 % is reflected at the incident silicon substrate
surface; 10 % passes through the detector, bounces off the aluminum
top layer, passes through the detector a second time and then exits
back out the silicon substrate. From the kiraL curve in Figure 10, it
can be seen that absorption in the detectors is low at short
wavelengths and increases with increasing wavelength. Low EQE
below 10 pum is caused by low absorption, whereas low EQE above
23 um is a result of low IQE. In the Type 2 detectors, the IRAL is
more than 3 times thicker, so absorption in the devices is expected to
be higher than in the Type 1 detectors. Despite this, the EQE is
significantly lower, implying that internal losses are large for Type 2
detectors.

Spatial uniformity data for Type 1 Si:As BIB detectors has been
measured [20] and indicated non-uniformity of about 1 % over an
area of 2 mm x 2mm. Results on Type 2 detectors are similar and are
shown in Figure 11. Spatial uniformity was measured by scanning
the output of the FTS over the face of the detector, and recording the
response at a fixed wavelength. The non-uniformity in the plateau
region of the linescan is 1.4 % full range, and the standard deviation
in response over the plateau region is about 0.69 %.

B. BIB traps

External quantum efficiency for a Type 1 BIB trap with a 1 mm
aperture is shown in Figure 12a. The EQE is nearly ideal over much
of the range from 4 um to 24 pm and there is significant responsivity
from 2 um to 30 um. The error bars, shown at 4 selected
wavelengths, result partly from uncertainty (calibration and noise)
associated with the calibrated reference pyroelectric detector used
for calibrating the BIB trap responsivity. The pyroelectric detector
carries a 2.4 % to 5.0 % uncertainty (k =2) in its calibration over the
measured range, and it is much less sensitive than the BIB trap, so its
noise level (about 0.4 % to 2 %, depending on wavelength) is much
higher for similar integration times. There is additional uncertainty
associated with the transmission of a window and filter in the
cryostat. Figure 12b shows the EQE for a Type 2 BIB trap with a
3 mm aperture. The EQE is significantly improved from the EQE for
a single Type 2 BIB detector but is still far from ideal. However, there
are only weak absorption features in the EQE, in contrast to the Type
1 case. Analysis of the Type 2 single detector and trap results
indicates that nearly all the light transmitted past the incident surface
of each detector is absorbed, but that internal losses are high.

Compared to the single detectors, the depth of etalon oscillations
in Type 1 and Type 2 BIB traps is about 10 times smaller. Figure 13
shows that the full depth of oscillations is about 2 % in contrast to the
up to 20 % depth exhibited for the Type 2 single BIB detector. FTS
scans at different wavenumber resolutions were made to ensure that
etalon oscillation depth was fully resolved, by increasing resolution
until oscillation depth saturated. Type 2 BIB traps, even though they
do not have ideal EQE, can be used for low-uncertainty IR spectral
calibrations because the effects of phase coherence have been much
reduced.

The spatial non-uniformity of the Type 1 and Type 2 BIB traps
across their entrance aperture is approximately 1 %, inherited from
the excellent spatial uniformity of the single detectors. Figure 14a
shows a linescan across the 1 mm diameter entrance aperture of the
Type 1 BIB trap. The beam spot size is approximately 600 pm
diameter so the plateau region is limited to about 400 um diameter,

but over this region the maximum variation in response is 1.1 %, and
the standard deviation over the plateau is 0.43 %. Figure 14b shows
a scan of the 3 mm diameter entrance aperture of a Type 2 BIB trap,
where the maximum variation over the plateau region is 0.46 %, and
the standard deviation over the plateau is 0.14 %. The Type 2 results
better represent the spatial uniformity of the trap responsivity
because the small Type 1 aperture severely limits the plateau region
and introduces significant diffraction effects at longer wavelengths.

5. CONCLUSIONS

We have designed, fabricated, and measured infrared trap
detectors made from two types of Si:As BIB photodetectors. These
BIB traps boost the quantum efficiency attainable with BIB detectors,
reduce unwanted etalon effects by a factor of 10, and exhibit
excellent spatial non-uniformity near 1 %. A trap made from the
Type 1 detectors has EQE near unity over much of the range from
4 pum to 24 um. Given the relatively smooth spectral response and
minimal back reflection of both Type 1 and Type 2 BIB traps, these
detectors are well-suited for broadband and spectrally resolved
measurements from 2 um to 30 um. The BIB trap is an attractive
reference detector which can be used to transfer optical power scales
in the infrared. For instance, it can be used in rapid scan FTS
measurements to spectrally calibrate infrared sources in units of
power, and it can be used for comparing primary standards at
important infrared laser wavelengths such as 10.6 pm.

Further tests and development could improve the applicability of
BIB traps. Low uncertainty calibrations at IR laser wavelengths will
reduce the error in the EQE determination of the trap at discrete
wavelengths. Tests of power linearity, particularly at low powers,
will help quantify the range of optical power over which these
detectors can transfer and maintain optical power scales. All
experiments reported here used room-temperature current
amplifiers for detector readout, but coupling a trap detector with a
cryo-amplifier in a low-background environment would significantly
improve the noise performance of the detectors [21]. Development
of applications for BIB detectors is severely hampered by limited
availability of these detectors. The fabrication of larger (= 5 mm x
5mm) high EQE BIB detectors would enable a BIB trap with larger
aperture (= 3 mm) and unity EQE over much of the near- to far-IR
wavelengths.
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Fig. 1. Dark current density for a Si:As BIB detector, showing
activated response. At 10 K, the dark current density is about 0.1
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Fig. 2. (a) Schematic of a backside-illuminated BIB detector, where
the incident light passes through the silicon substrate before
reaching the IR active layer; (b) diagram showing voltage and charge
configuration around the IRAL of the Si:As BIB detector. The
detector must be biased in the polarity shown for low noise
performance, and the shaded region contains negative space charge
from immobile acceptor ions.
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Fig. 3. Spectral response of a single Si:As BIB detector from 750 cm!
to 1050 cm'l, showing two different periods of etalon oscillation, and
full oscillation amplitude as large as 10 %.

OIA

Detector 2 Detector 1

N e

Fig. 4. Schematic of the 2-detector wedge trap design, with the red
arrow indicating the incident light. The two critical design
parameters, the initial angle of incidence (61a) and the wedge angle
(6wa), are indicated.
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Fig. 5. (a) Modeling results for the detector area as a function of the
initial angle of incidence and the wedge angle; (b) Modeling results
for the detector area as a function of initial angle of incidence, with
the wedge angle fixed at the selected value of 14 degrees.

selection mirror BIB-trap

Purge Box

Fig. 7. Schematic of the experimental system used to make FTS-
based spectral measurements of the BIB detectors. Capabilities
include spectral calibration against a reference pyroelectric detector,
high resolution spectral responsivity, and spatial uniformity of
detector responsivity in the spectral range from 1 pm to 40 pm.

Fig. 6. Photograph of the BIB trap detector, held by a gloved hand for
scale. The detectors are mounted on either side of the blue wedge in
the middle of the assembly; the flex circuits attached to the detectors,
the aperture well at top, and the connectorized circuit board on the
leftare visible.
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Fig. 8. External quantum efficiency as a function of wavelength for
Type 1 and Type 2 Si:As single BIB detectors. The black line shows
FTS data from the manufacturer for a Type 1 detector, the red dots
show monochromator data published earlier [19] for a Type 1
detector, and the blue line shows FTS data for a Type 2 detector
measured in this study.
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Fig. 9. Etalon oscillations from 1980 cm to 2180 cm! for a Type 2
single BIB, exhibiting a full oscillation amplitude of 17 % and a period
of 25 cml.
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Fig. 10. Complex index of refraction data for the IRAL in the Type 1
BIB detectors published earlier [17]. The value of kiraL increases
significantly as wavelength increases, and niraL drifts down slightly as
wavelength increases. At short wavelengths, a significant amount of
light can make two passes through the IRAL without being absorbed.
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Fig. 11. Response linescan across a Type 2 single BIB detector,
showing a full range non-uniformity of 1.4 % over the plateau region.
The standard deviation over the plateau region is 0.69 %.
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Fig. 12. (a) External quantum efficiency of a Type 1 BIB trap,
showing nearly ideal response (EQE > 90 %) over most of the range
from 4 um to 24 pm. Error bars (k=2 uncertainty) are shown at
4 wavelengths; (b) External quantum efficiency of a Type 2 BIB trap,
compared to a Type 2 single BIB detector. Although the trap exhibits
higher EQE, its response is still far from ideal over most of the range.
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Fig. 13. Comparison of etalon oscillations in a single BIB detector and
BIB traps. The full depth of oscillations in the BIB traps is only about

2 %.
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Fig. 14. (a) Response linescan across a Type 1 BIB trap (with 1 mm
diameter aperture), exhibiting a plateau region with 1.13 % full
range non-uniformity and 0.43 % standard deviation; (b) Response
linescan across a Type 2 BIB trap (with 3 mm diameter aperture),
exhibiting a plateau region with 0.43 % full range non-uniformity
and 0.14 % standard deviation.




