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Abstract— This work presents an aging investigation of NbN
HEB mixers in usual lab conditions and also in high temperature
and high relative humidity environment. A variety of devices have
been fabricated using different combinations of resist (SAL), Si,
SiO, and SiN single and multi-layer for bolometer protection.
In the accelerated aging tests the degradation is monitored by
measuring the DC resistance of the devices during the test. The
results show that using multi-layer protection increases the device
lifetime significantly.

I. INTRODUCTION

NbN HEB mixers are to be used for band 6 low (1.410-
1.700 THz) and band 6 high (1.700-1.920 THz) of the HIFI
instrument (Heterodyne Instrument for Far-Infrared) [1] on the
Herschel Space Observatory [2] due to launch 2007. This will
be the first time that HEB mixers are used on a space mission.
The double side band receiver noise temperature using theeatact pads are patterned. 5 nm Ti followed by 80 nm of
mixers are below 1000 K with 5-6 GHz IF bandwidth and\u is deposited for small contact pads. The antenna and large
they require less than 500 nW of local oscillator power [3].pads are made from 5 nm of Ti and 200 nm Au. Then a

Since the assembling of the flight mixer units is now iprotection layer is defined over the bolometer bridge by one
progress, they will be stored for about two years before timeore lithography step. This is to protect the NbN film in the
launch. This raises questions concerning the degradationbofometer bridge during the ion milling. In the last step the
the mixer chips during this period. This work presents olNMbN is etched away using Ar ion milling from the whole
attempts to estimate the HEB lifetime with different protectiowafer except from the bolometer bridge and under the antenna
layers by comparing the accelerated aging test results in higid pads. Figure 1 shows the SEM picture of a bolometer
temperature and high relative humidity with the available datategrated with double slot antenna for 1.6 THz. A variety
concerning degradation of the devices in usual lab conditiorts. devices have been fabricated using different combinations
An independent similar investigation is presented in [4]. Heref Si, Si0;, SiN and resist (SAL) multi-layer for bolometer
a variety of devices have been fabricated using different coprotection. The shapes and the thicknesses of these layers are
binations of Si, Si@, SiN and resist multi-layers for bolometerillustrated in figures 2 and 3. The resist (SAL) is a negative
protection. Some of these devices are stored in ordinary lasist and the protection layer is defined by the e-beam writing.
environment and their resistance and the critical current habe Si and SiN layers are made by magnetron sputtering
been measured regularly, in some cases for a period of tewd the SiQ layer is deposited using e-beam evaporation. In
years. In the accelerated aging tests the resistance of devioeth cases the bolometer protections are formed using lift off
are monitored while exposed to high temperature and higgchnique. The first protection layers is in rectangular shape
relative humidity. The increase of resistance and decreaseaofl covers the bolometer bridge together with parts of the
critical current are the measures of device degradation.  small contact pads. The second and the third protection layers

are in circles which cover the whole center part of the device.

Fig. 1. HEB integrated with double slot antenna for 1.6 THz

Il. DEVICE FABRICATION

The device fabrication is done by several consecutive elec- Ill. DEVICE DEGRADATION IN LAB CONDITION

tron beam lithography steps followed by metallization and The HEB devices degrade by time. The degradation appears
lift off, where small contact pads, antenna and the largs increase of resistance and decrease of critical current.
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TABLE |
HEB DEGRADATION IN ROOM TEMPERATURE AND30% RH

Protection ~ Time (Month) dR/R (%) dI/I (%)

SAL 12 20 30-50
SAL 16 30 50
SAL 24 50 60-70
SAL+SIO; 7 3-13 5-12
SiO2 7 15 8
Si+Si 6 2-5 6-9

measured critical current decreased by 10%. Figure 4 shows
the double side band receiver noise temperature in these two
occasions together with the HIFI specification limit. As we see,
the mixer performance was not much affected by this level
of degradation and the receiver noise temperature is within
acceptable limit. The device used in this test has a resist (SAL)

Fig. 2. Protection layers over the bolometer bridge protection layer for the bolometer.

V. VACUUM BAKING TEST

141 hours of vacuum baking was done with 3 devices
A number of devices have been stored under ordinary lalith resist (SAL) protection. The pressure If—* mbar was
conditions in air (around 2@ and 30% RH). The resistanceachieved with 2 hours of pre-pumping and temperature was
and critical current of these devices have been measuk@pt constant at FC on the hotplate where devices were
periodically which is summarized in table I. placed. As it is shown in table Il, the resistance and the
Although these data show the tendency for the Si+Si doulddtical current of these devices did not changed significantly
layer protection to be more resistant against aging, the resdiliring the test, which means that the heating effect on device
is not yet conclusive and the accelerated aging tests seaivgradation in the absence of air is negligible and not affected

necessary. by temperature.
IV. RECEIVER NOISE TEMPERATURE AND MIXER VI. ACCELERATEDAGING TEST AT 85°C-85% RH
DEGRADATION Several devices with a variety of bolometer protection

In order to see the degradation effect on the mixer perfdyers were kept in 8%:-85% RH for over 100 hours. The
mance, receiver noise temperature have been measured figfstance of these devices was monitored during this time.
times using the same mixer chip. The mixer was fabricated kfigure 5 summarizes the result of these tests. The devices with
February 2004 and kept in desiccator until April 2004 when §€Sist (SAL) protection have the shortest lifetime. Although
was mounted in the HIFI mixer unit and measured for the first
time. Then it was stored on the shelf at about@@nd 30%

RH until August 2004, when the second test was performed.
During this time the device resistance increased by 5% and the
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Fig. 4. DSB receiver noise temperature measured twice with about 5 month
time difference using the same HEB chip stored in abodt2@nd 30% RH
Fig. 3. Variety of HEB protection layers and their thicknesses during this time.
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TABLE Il
VACUUM BAKING TEST AT 90°C FOR 141 HOURS
390 ,
- 340
Device R () R((Q) Ic (A Ic (uA) 290
ID before after before after 240 i
A 87 85 134 132 g SAL
o 190 1
B 95 93 140 137 4
S 140 |
C 93 92.5 130 118 9
Si+Si
40 A
-10 :
0 20 40 60 80 100 120
Time (hour)

there is a diversity in their performance, they all severely
degrade within first 10 hours and before all the other type
of devices. Adding an extra layer of SiOmproves the life
time significantly. There is a clear difference in lifetime wheRig. 6. Periodical aging test: 10 hour of AD-20% RH following by 10
the SAL protection is replaced by Si or SiOHowever, the hours of 85C-85% RH repeated for about 120 hours.
major improvement occurs when double layer Si+Si or triple
layer SiGQ+SiO,+SiN is used which increase the lifetime of
HEB by almost an order of magnitude. VIIl. A CCELERATEDAGING TEST AT 50°C-85% RH

A number of devices were periodically exposed to 10 hour ) ) . ) .
of 20°C-20% RH following by 10 hours of 8%-85% RH for Only devices Wlth resist (SAL) protection were used in
about 120 hours of total time. As is shown in figure 6, thé 0 C-85% RH aging test. The reason was that they were
devices with SAL protection were degraded faster than tf¥pected to have shorter lifetime and therefore more practical

devices with Si+Si double protection layer. We can also sl test at lower temperature. Using other devices with double

that the degradation stops (constant resistance) durifG-20°" triple layer protection in this test requires very long testing
20% RH and starts again when at’8585% RH. time which is cumbersome. As is shown in figure 8, the

devices are degraded in a much slower pace compared with
degradation at 6%C and 85C. The diversity of degradation
VIl. ACCELERATEDAGING TEST AT 65°C-85% RH rate in here is similar to what we see in figure 5 for SAL
devices.

In order to see the temperature effect on the degradation of
HEB, a number of devices with SAL and Si+Si protection were
exposed to 65C-85% RH for over 100 hours. As is shown The 130 nm thick resist (SAL) used traditionally as top layer
in figure 7, the devices with SAL protection were affectegges not provide good protection against aging. Adding a 200
much faster that the devices with Si+Si double protection laygy, layer of SiQ on top of the SAL provides a somewhat
Comparing this result with the outcome of the’8585% RH petter protection layer. Replacing the SAL by Si or $iO
(figure 5), one can see that the degradation ih®5appens jncreases the HEB lifetime dramatically. Our measured results
considerably slower than in 86. show that Si-Si double layer or Sj€5i0,-SiN triple layer

IX. DISCUSSIONS ANDCONCLUSION
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Fig. 5. Accelerated aging test at 85-85% RH Fig. 7. Accelerated aging test at 85-85% RH
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Fig. 8. Accelerated aging test at 80-85% RH Fig. 9. Spread of data for accelerated aging test &€885% RH for devices

with SAL protection

provides the best protection layer compared with the others
mentioned above.

Baking test 90°C in vacuum) did not show any degradation
of devices. This means that the main cause of degradation
is the humidity and the process is accelerated at higher
temperature.

There is a spread of data for the lifetime of similar devices.
As it is shown in figures 9 not all devices with SAL protection
behave exactly the same. It is also observed that 1 out
of 9 tested devices with Si+Si protection and very similar
characteristics surprisingly had a short lifetime (see figure 10). Time (hour)
This means that although statistically there is a clear advantage
in using multi-protection layers, we cannot assure that every
single device of this type will have a long lifetime. Therefore,
it is necessary to develop a method to select the flight mix{ﬂr%‘t
in a way to be sure about their lifetime.

Comparing the resistance of devices undet@B85% RH
test with the similar devices degraded in usual lab condition, _
one can estimate that every hour of accelerated aging t@ét% Egﬁ;i‘;g{cg?”égit,sphgg?g?%i?::c’)vé'Héng’g‘ﬁt;; g”fgkﬁ'_’_v'\%m'st_’erg'
corresponds to about 1 to 1.5 month of shelf time storage. 1.4-1.7 THz NbN hot-electron bolometer mixer for the Herschel Space
Based on this result for devices with double or triple protection Observatory. InProceedings of SPIE, Millimeter and submillimeter
layers, it takes well above 2 years time until the degradati &Eti‘:;?éﬁizosr azsgc’”f(’;?‘)ga%ej selB;iZ?rhzgosz Gao. B. Voronov. and
affects the mixer performance. This means that there is NO G Goltsman. Towards s’pat.:e. q.ualified NbN hot electron bolometer mix-
problem with the aging of HEBs during the assembling time ers. InThis proceedings: proceedings of 16th International Symposium
of the Herschel Space Observatory. on Space Terahertz Technolo@i05.

dR/R (%)

10. Accelerated aging test at 85-85% RH for devices with Si+Si
ection. 1 out of 9 had a short lifetime.
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