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90-nm CMOS for Microwave Power Applications

M. Ferndahl, H.-O. Vickes, Member, |IEEE, H. Zirath, Member, IEEE, |I. Angelov, Member, |EEE, F. Ingvarson,
and A. Litwin

Abstract—We report, for the first time, the experimental eval-
uation of a very short channel 90-nm CMOS transistor under RF
over-voltage conditions. At 9 GHz and 1.5V supply a 40 psm gate
width device is able to deliver 370 mW/mm output power with a
PAE of 42% and atransducer power gain of 15 dB. M easurement
resultsat 3 and 6 GHz is also presented. The transistor does not
show any degradation in either dc or RF performance after pro-
longed operation at 1 and 6 dB compression. Simulation show, that
thepeak voltage, V 45 at thiscondition is3.0V, whilethe maximum
allowed dc supply voltageislimited by thedesign rulesto 1.2 V. We
show for the first time that nanometer -scale cmos can be used for
microwave power applications with severe RF over-voltage condi-
tions without any observable degradation.

Index Terms—CM OS, 90 nm, power amplifier.

I. INTRODUCTION

HE ever-increasing market for microwave power ampli-

fiers(PA) inwireless systems, e.g., Bluetooth, WLAN and
WCDMA, requires low cost and ease of use technology which
can aso be integrated with other parts of the system. CMOS
has been a preferred technology [1], [2] for Bluetooth and other
WLAN applications. However, the low maximum voltage al-
lowed in such technologies for reliability reasons restricts the
use of CMOS for PAs. The maximum supply voltage for 90-nm
CMOSis, according to [3] in the range of 1 V. Microwave PAs
have per seaRF signal swinging above the supply voltage, e.g.,
2 Vg4 inaclass A PA [4], which limits the allowed bias. This
restriction reduces efficiency and maximum output power to a
high degree. To handle the excess voltage, LDMOS transistors
with increased breakdown voltage have been incorporated in
CMOS processes [5], [6] at the cost of additional process com-
plexity in custom technologies.

The scope of this paper is to show that the ordinary
nanometer-scale CMOS tolerates RF over-voltage condition
without degradation, thus enabling design of microwave PAs
with high output power and efficiency. We do this by investi-
gating 90-nm CMOS technology and showing results from dc
and load pull measurements at 3.0, 6.0, and 9.0 GHz.

In addition, results from small signal S-parameter measure-
ments up to 62.5 GHz are reported in Section |1-B.
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Fig. 1. (a) DC output characteristicsfor V., from0to 1.5V in 0.25V steps.
(b) Iys (solid) vs. V o and transconductance (dashed) for Vps = 1.5 V. (€) Ias
for Vgs = 1.5 V.

II. TECHNOLOGY DESCRIPTION

The devices are made in a 90-nm gate length CMOS tech-
nology from IMEC, Belgium, with five metal layers of dama-
scene Cu [7] and 1.5 nm thick gate oxide. The silicon substrate
resistivity is 20 €2cm. The maximum supply voltageisrestricted
by design rulesto 1.2 V.

Thetotal gate width of the CMOS transistor under investiga-
tion is 40 m, 20 fingers with 2 ;m width each.

A. DC Characteristics

The transistors were fully dc characterized using a param-
eter analyzer, Agilent 4156. The transconductance was calcu-
lated from the current measurement, giving gu-max = 950 MS
corresponding to 1.2 S/mm as shown in Fig. 1.
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Fig. 2. Measurement of V4, breskdownwithV,, = 0 V.

The drain breakdown voltage, BV 4. was measured to 3.2 V
withlys = 5mAand V,, = 0 V. Thedraincurrentat Vg, =0V
is substantial even at lower V4, values due to the drain induced
barrier lowering; see Fig. 2.

B. S-Parameter Measurements Up to 62.5 GHz

We have measured S-parameters up to 62.5 GHz with a
Wiltron 360 B vector network analyzer and the device shows
good frequency performance with afr of 140 GHz and a f,,.x
of 100 GHz biased for maximum transconductance. These
numbers have been extrapolated both from measurement and
simulated with anonlinear CMOS-model [8]. The main reason
why fr ishigher than f,,,,« isdueto the large gate resistance, in
comparison with HEMTSs.

I1l. LOAD PULL EVALUATION

Load and source pull measurement where performed, using
Maury Microwave' sautomated load pull system, at 3.0, 6.0, and
9.0 GHz with an input power corresponding to 3 dB compres-
sion in order to match for maximum output power. The source
and load where optimized for maximum output power in an it-
erative procedure going from source pull to load pull and vice
versa to find an optimum.

The output power contours at 3 GHz with matched sourceis
presented in Fig. 3.

With optimum load and source we reached 11.3 dBm at
6 GHz with 6 dB compression and a PAE of 43%. The device
was here operating in overdriven class A. The gain and output
power vs. input power as function of frequency are presented
in Fig. 4. A comparison at 3, 6, 9 GHz and some competing
silicon MOSFET technologies can be seenin Table .

Our deviceswere stressed at both 1 dB and 6 dB compression
points, at 3 and 6 GHz with dc bias V,, = 0.8V, Vg, = 1.5
V. The peak drain voltage was over 3V, seelV, in the range of
the breakdown voltage. We observed no degradation in neither
transconductance nor gate leakage after stressing the device for
7 200 s. Neither did we see any degradation in RF performance.
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Fig.3. Output power contoursat 3 dB compression point with matched source
and biased for maximum transconductanceat Ve = 0.8 V, Vao = 1.5 V.
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Fig. 4. (a) Transducer power gain at 3, 6, and 9 GHz. (b) Output power at 3,

6, and 9 GHz. Bias: Vys = 1.5V, V,, = 0.8 V.

TABLE |
COMPARISON OF POWER PERFORMANCE. DC-BIAS: V. = 0.8V,
Vas = 1.5 V (THIS WORK)

PAL @ compression P @
o

compression[mW/rm] Comment

Zsl 4.19]

423@6dB 156149 i
39@4dB
62@6dB
44@6dB

42@6dB

353 @6 dB
100 @24 di

This work
0.24 pm CMOS (2]
0.25 um LDMOS {7]
This work

115455
10+j0

380 @6 dB

441j26
34426

29@6dB 187470

370 @648

This work 153+i82

IV. SIGNAL SIMULATION ON TRANSISTOR TERMINALS

The load pull measurement offers no means to monitor
the actual time domain curve forms. In order to appreciate
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Fig. 5. Drain (solid) and gate (dashed) voltage swing for 0 dBm input power,
6 dB compression, at 3GHz Z;, = 115 + j5 2, Zs = 156 + j149 (2, dc-bias:
Vee =08V, Ve = 1.5 V.

the maximum values of V4, and Vg an harmonic balance
simulation, with an in-house developed nonlinear model [8],
was performed; see Fig. 5.

V. DISCUSSION

Nanometer-scale CMOStransistorstolerate only very limited
dcvoltage, intherangeof 1V, sincethehighfieldsinthetransis-
tors cause low breakdown voltage and high leakage in the gate
and drain terminals, leading to reliability problems. However,
it has been shown that breakdown voltage for high frequency
pulses may be higher than the dc value, at least for bipolar tran-
sistors, [9].

The prolonged stress of our devices, see Ill, did not result
in any observable degradation of performance, suggesting that
MOSFETSs tolerate RF over-voltage. However, some devices
degraded during dc source-drain breakdown measurements
proving the deleterious influence of breakdown on reliability.

V1. CONCLUSION

For the first time the microwave power handling capabilities
of a90-nm CMOS transistor has been reported. The transistors
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show almost flat performance in output power and efficiency
with frequency, while gain dropped only about 1.5 dB per GHz,
aresult of the very high cut off frequency.

With a supply voltage of 1.5 V, the device is capable to
deliver a maximum output power, Poui max = 353,329, and
370 mW/mm gate width at 3, 6, and 9 GHz. The mean current
density is 520 mA/mm at 3 GHz and 6 dB compression. The
voltage swing on the drain port has exceeded 3 V and we have
not observed any degradation of device performance.

This device has also aremarkable, extrinsic, high maximum
transconductance, g max = 1.2 Smm.

ACKNOWLEDGMENT

IMEC, a partner within the IMPACT-Project, is acknowl-
edged for providing the devices. Kristoffer Andersson and
Niklas Rorsman are acknowledged for their help with the
load-pull system.

REFERENCES

[1] T. H. Lee, H. Samawati, and H. R. Rategh, “5-GHz CMOS wireless
LANs,” IEEE Trans. Microwave Theory Tech., vol. 50, pp. 268-280,
Jan. 2002.

[2] E. Chen, D. Heo, M. Hamai, J. Laskar, and D. Bien, “0.24-um CMOS
technology for Bluetooth power applications,” in Proc. IEEE Radio and
Wireless Conf. (RAWCON 2000), 2000, pp. 163-166.

[3] International Technology Roadmap for Semiconductors (2003, Jan.).
[Onling]. Available: http://public.itrs.net/

[4] S. C. Cripps, RF Power Amplifiers for Wreless Communica-
tions. Norwood, MA: Artech House, 1999.

[5] A. Litwin, O. Bengtsson, and J. Olsson, “Novel BiCMOS compatible,
short channel LDMOS technology for medium voltage RF & power ap-
plications,” in Proc. 2002 | EEE MTT-SInt. Microwave Symp. Dig., vol.
1, June 2002, pp. 35-38.

[6] K.-E. Ehwald, B. Heinemann, W. Roepke, W. Winkler, H. Rucker, F.
Fuernhammer, D. Knall, R. Barth, B. Hunger, H. E. Wulf, R. Pazirandeh,
and N. llkov, “High performance RF LDMOS transistorswith 5 nm gate
oxidein a0.25 ym SiGe:C BiCMOS technology,” in IEDM Tech. Dig.,
Dec. 2001, pp. 895-898.

[7] A.K. Stamper, T. L. McDevitt, and S. L. Luce, “ Sub-0.25-micron inter-
connection scaling: Damascene copper versus subtractive aluminum,”
in Proc. 1998 |IEEE/SEMI, Sept. 1998, pp. 337—346.

[8] I. Angelov, M. Ferndahl, F. Ingvarsson, H.-O. Vickes, and H. Zirath,
“CMOS large signa model for CAD,” in 2003 |IEEE-MTT-S Int. Mi-
crowave Symp. Dig., vol. 2, June 2003, pp. 643-646.

[9] T.Arnborg, “ Two-dimensional avalanche simulation of collector-emitter
breakdown,” |EEE Trans. Electron Devices, vol. 37, Sept. 1990.



	MTT025
	Return to Contents


