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Abstract: Tantalum nitride (TaN) and nichrome (NiCr) are the two most common materials used as thin film resistors

(TFR) for monolithic microwave integrated circuits (MMIC) based on AlGaN/GaN high electron mobility transistors

(HEMTs) . In this study,we compare the reliability of the two materials used as TFRs on a semi-insulation 4H SiC sub-

strate. Through the comparison between NiCr and TaN thin-film resistor materials, we find the square resistor (R;) of

TaN TFR increases as the annealing temperature increases. However, the R, of NiCr TFR shows the opposite trend. We

also find the change of the TaN R, and contacted resistor ( Rc) is smaller than the NiCr. After O, plasma exposure in

RIE,the TaN R, only decreases 0. 7Q,or about 2. 56% ,and Rc increases 0. 1Q,or about 6. 6% ,at an annealing tempera-

ture of 400C . In contrast,the NiCr R, and R show large changes at different annealing temperatures after O, plasma ex-

posure. In conclusion, TaN is more stable during plasma exposure after 400C annealing in N, ambient.
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1 Introduction

As IC technology advances, circuits require the
precise resistors across a broad range of use condi-
tions. NiCr and TaN are the two most common mate-
rials used as TFR material for MMICs. NiCr resistors
are routinely used for hybrid circuit manufacturing
since they are simple to fabricate using standard life-

[12) TaN resistors have been used ex-

off techniques
tensively in Si technology for many years due to their
chemical stability, high resistance,and small tempera-
ture coefficient of resistance (TCR)"“°'. Both are im-
plied in MMIC based on the AlGaN/GaN HEMTs.
However,the AIGaN/GaN HEMTs are always used in
high power amplifiers (HPA) ,so the low temperature
coefficient of resistivity and the sensitivity to oxida-
tion become important in the use of the TFR. In this
study, we perform a comparison between NiCr and
TaN thin-film resistor materials for use with our Al-
GaN/GaN HEMTs technology. We compare the fabri-
cation procedures required for both resistor materials,
the sheet resistance stability of each for O, plasma ex-
posure, and the annealing temperature from 200 to
400C in N, ambient.

2 Experiment

The TFR was fabricated using standard passive
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device fabrication techniques in the MMIC based on
AlGaN/GaN HEMTs. Sputter deposition of TaN was
performed using a 99.99% pure Ta target in an Alli-
ance DP650 system. A deposition rate of 16. 5nm/min
was obtained at DC power of 600W,N,/Ar=1 : 11
with a pressure of 500Pa. With a deposition rate of
11nm/min, NiCr sputter deposition was performed
using a Ni @ Cr (80 : 20 atomic%) alloy target in a
SP; system,obtained at 240W DC power,300Pa pres-
sure,and using Ar gas at a flow of 80sccm. Both the
TaN and NiCr films were deposited at room tempera-
ture. For deposition rate measurements, lift-off pat-
terns were laid on the samples, and step height was
measured after lift-off using a Dektak 6M system. For
resistance measurements,a Ti/Au (20nm/400nm) by
e-beam evaporation was patterned on the samples pri-
or to the appropriate TFR lift-off pattern. In addition
to the long-term stability enhancement™®, a 300nm
SiN, which was deposited using a PECVD system
coating simultaneously,serves as a capacitor dielectric
and transistor passivation for the MMICs. Transmis-
sion lines of 3um electroplated gold were used to con-
tact the resistors. Resistances were measured on rec-
tangular shaped TRFs using a DC probe station and
an HP 4155 semiconductor parameter analyzer. Figure
1 shows the picture of the TFR on a semi-insulating
4H-SiC substrate.
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Fig.1 Picture of the TFR on a semi-insulating 4H SiC substrate

3 Results and discussion

In this study, we compare the reliability of two
materials used as TFR on a semi-insulating 4H-SiC
substrate. For the different anneal temperatures,each
wafer was separated into four segments. The four seg-
ments were annealed at four different temperatures:
200,250,300, and 400C . 103 £ 2nm TaN and 25.0 +
0. 5nm NiCr were measured after lift-off using a Dek-
tak 6M system. We use the transmission line measure-
ment (TLM) to calculate the square resistor (R;) and
the contacted resistor (R¢).The NiCr and TaN TFR
were both measured before and after the same pro-
cessing environment: O, plasma exposure in a parallel
plate reactive ion etch (RIE) system at 50W and
20sccm for 1min before a 300nm SiN deposition using
PECVD. Table 1 shows the characterization of the
NiCr and TaN TFR at various environments, inclu-
ding anncaling at 200,250,300,and 400C in N, ambi-
ent,and before and after O, plasma exposure. Figure 2
shows the characterization of the NiCr and TaN TFR
before and after annealing at 400°C . Figure 2 shows
that it has a marked barrier between the NiCr (or
TaN) thin film to Ti/Au surface before the anneca-
ling. However, after the annealing, the barrier disap-
peared. This may be due to alloy formation with the
thin film. Table 1 demonstrates that the contacted
resistor (Rc) decreases as the annealing temperature
increases. From Table 1,we find the R, of TaN TFR
increases as the annealing temperature increases.
However the R, of NiCr TFR shows the opposite
trend. Furthermore.the TaN R, increases about 5. 3Q)
and R decreases about 1Q) with the annealing tem-
perature. It is smaller than the change of the NiCr R,
and Rc.The increase of TaN R, may be primarily due
to a loss in N; in the film,since the film was annealed
in N, ambient. After O, plasma exposure in a parallel
plate reactive ion etch (RIE), the TaN R, only de-
creases 0. 7Q,or about 2. 56% ,and R increases 0. 1Q
or about 6. 6% ,at an annealing temperature of 400C .
But the NiCr R, and R. changed greatly at different
annealing temperatures after O, plasma exposure.
This is most likely due to preferential oxidation of the
Cr in the film. The comparison between NiCr and
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Fig.2 Characterization of the NiCr and TaN TFR before and
after annealing at 400C

TaN thin-film resistor materials under different con-
ditions reveals that TaN is more stable during plasma
exposure after 400C annealing.

4 Conclusion

The aim of this work has been to establish a sta-
ble process for the fabrication of TFR. Through the
comparison between NiCr and TaN thin-film resistor
materials under different conditions, we find the R,
of TaN TFR increases as the annealing temperature
increases. However the R, of NiCr TFR shows the op-
posite trend. We also find the change of the TaN R,
and R is smaller than the NiCr. After O, plasma ex-
posure in RIE.the TaN R, only decreases 0. 7Q),or a-
bout 2. 56% ,and R increases 0.1Q,or about 6. 6%,
at an annealing temperature of 400C . But the NiCr
R, and R changed greatly at different annealing

Table 1 Characterization of the NiCr and TaN TFR under dif-
ferent conditions (different anneal temperatures.and before and
after O, plasma exposure) Unit: Q
TaN(103nm) TFR NiCr(25nm) TFR
Annealing
Before O, After Oy Before O, After Oz
temperature
. plasma plasma plasma plasma
and time

Rs RC Rs RC Rs RC Rs RC

200C ,10min 22 2.5 |119.1| 8.6 74 17 | 56.9| 16.3

250C ,10min | 23.2 | 2.14 | 21.7 | 8.1 |39.4| 11 |42.9] 14.5
300C ,5min | 25.6 | 1.9 |24.2| 7.6 26 8.7 | 24.3|10.3
400C ,3min | 27.3| 1.5 | 26.6| 1.6 [23.4| 4.3 |24.1| 5.8
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TaN is more stable during plasma exposure after
400C annealing. Thus, we establish it as a standard
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