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1. Introduction

LDMOS transistor technology has played a predomi-
nant role in wireless base-station applications for frequen-
cies ranging from 450 MHz to 2.7 GHz, due to its advan-
tages in performance, cost, reliability, and power capability
[1]. For high power applications, temperature is an impor-
tant issue. Several researchers have investigated the influ-
ence of temperature on the reliability and dc performance
of LDMOS transistors [2-4]. However, the temperature
effects on the high-frequency characteristics of LDMOS
were seldom addressed. In this paper, the high-frequency
characteristics of LDMOS with different layout structures
are studied at various temperatures. Some electrical pa-
rameters have been extracted to describe the temperature
behavior of transistors.

2. Experiments

The device structure of the RF LDMOS used in this
work is shown in Fig. 1. The gate oxide thickness was 13.5
nm. We developed two types of layout structures, fishbone

and ring, with the same total channel width 360um (see Fig.

2). For fishbone structure, each cell had 6 fingers with fin-
ger width L,=10um. For ring structure, the width of each
ring was 4x10um.

3. Results and Discussion

DC characteristics of the LDMQOS with different layout
structures at -25°C and 50°C are compared in Fig. 3. At low
gate voltages (Vgs<l1V), the transconductance (g.) and
drain current at 50°C are higher than that at -25°C due to
the reduction of threshold voltage. At high gate voltages,
because the channel mobility decreases with increasing
temperature, the g, and drain current at 50°C become lower
than that at -25°C. Fig. 4 shows the extracted drain-source
on-resistance (Ron) plotted against the temperature at
Vss=2 V. The Rgy is lower in the ring structure and in-
creases with increasing temperature due to the reduction of
carrier mobility in the channel and drift regions.

The cutoff frequency (ft) and maximum oscillation fre-
quency (fnax) versus the gate voltage for LDMOS with dif-
ferent layout structures at various temperatures are shown
in Fig. 5. Both fr and f..x decrease with increasing tem-
perature. The degradations of fr and f, are attributed to
the lower intrinsic transconductance as shown in Fig. 6.
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The variation of both fr and intrinsic g, are 22% approxi-
mately at Vgs=2V, as temperature changes from -25°C to
50°C. Because the temperature dependence of f. is also
affected by the drain resistance (Ry) and drain-substrate
junction capacitance (Cjgp), the variation of fnais 18% ap-
proximately. It should be noted that the fr and g, have a
zero-temperature-coefficient bias point near Vgs=1V. The
zero-temperature-coefficient bias point is resulted from the
negative temperature coefficients of both the effective mo-
bility and threshold voltage [3].

Figure 7 shows the measured S-parameters of the
fishbone and ring structures at various temperatures. The
transistors were measured at Vgs=2V and drain voltage
Vps=28V for the maximum value of fr. As shown in Fig. 7,
the deviation of S11 is not obvious with temperature. It
suggests that the input impedance is affected by tempera-
ture slightly. The S12 has minor change at low frequency.
However, the kink phenomenon in S12 will occur at high
temperatures, making obvious deviation of S12 with tem-
perature as the frequency is higher than the kink point. Be-
cause the g,, decreases with increasing temperature, both
S21 and S22 changes significantly. It is interesting that the
temperature-induced variation of S22 in the ring structure is
lower than that in the fishbone structure. The extracted Ry
and Cjq, Of the ring structure are 7.8Q and 149fF, respec-
tively, which are lower than that of the fishbone structure
(The extracted Ry and Cjq, are 18Q2 and 244fF, respectively)
[5]. This is a possible reason for the lower S22 variation of
ring structure with different temperatures.

4. Conclusions

The temperature effects on the high-frequency charac-
teristics of RF LDMOS transistors are investigated. The
degradations of fr and f,« at high temperatures are due to
the reduction of transconductance. In addition, the tem-
perature dependence of f will also be affected by the
drain resistance and drain-substrate junction capacitance.
The S-parameters at various temperatures are also discussed.
Because the LDMOS transistors with ring structure have
lower drain resistance and drain-substrate junction capaci-
tance, the variation of S22 with temperature is smaller than
that of fishbone structure.
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Fig. 1. Cross-section of an LDMOS transistor. Fig. 5. Cut-off frequency and maximum oscillation frequency
versus gate voltage at various temperatures.
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Fig. 6. Extracted intrinsic transconductance versus gate voltage
at various temperatures.

Fig. 2. LDMOS layout structures: (a) fishbone. (b) ring.
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Fig. 3. Drain current versus gate voltage for LDMOS transistors
with different structures and different temperatures.
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Fig. 4. Rop versus temperature for different layout structures. Fig. 7. Measured S-parameters of transistors with (a) fishbone

and (b) ring structures from 0.1GHz to 20 GHz.
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