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Abstract - High performance lateral diffused MOSFET on 
the CMOS platforms has been developed for the handset power 
applications. LDMOS with 0.3 pm physical gate length and 7 nm 
gate oxide shows high fT and fbfarS* value,up to 32 and 26 GHz, 
respectively as well as low on-resistance of 3.1 ohmmm and high 
saturated current of about 450 pA/pm. The breakdown voltage is 
measured to be 14 V. More than 70 YO efficiency at 900 MHz Is 
demonstrated in a unit power cell with the gate width of 1.92 mm. 

Index Terms - Lateral diffused MOSFET, Power Amplifier, 
Isolation. 

I .  INTRODUCTION 

RF LDMOS technology becomes important candidate for 
high power amplifier of mobile handset due to its 
compatibility with standard CMOS technology as well as its 
good RF characteristics. As the handset technology evolves, 
the power amplifier is requested to embed more functions 
such as power detection. power control and digital logic 
including interface circuitries or n switch controller. Until now, 
the strong market-holder, the compound semiconductor has 
coped with this trend by hybrid multi-chip module, which 
consists of one compound semiconductor chip for power 
amplification and the other CMOS chip for the control 
functionality or bias circuitry. LDMOS technology however 
can provide all these functions on a single chip with size and 
cost efficiency [I]. 

The key design challenges of the LDMOS are low on 
resistance, high breakdown and frequency characteristics, 
which are directly related to the maximum output power and 
efficiency of power devices 121. 

In this paper, the high performance LDMOS device with 
standard CMOS is studied. To assess the mutual coupling 
between high power device and low power circuit, the 
isolation properties are investigated 

11. DEVICE TECHNOLOGY 

The LDMOS has been designed to be compatible with the 
CMOS technology with MIM capacitor and SpiraI except high 
conductive substrate and p-epitaxial layer as shown in Fig. 1 . .  
For low resistive electric and thermal ground, very high doped 
P-sink is implemented using high energy multi-step 
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Fig. 1. RF LDMOS technology on the CMOS platform 

implantation, which directly connects device ground to back 
side metal ground [3]. P-body is implemented using large 
angle-implantation, which determines the effective channel 
length and the shape of channel doping profiles [4]. The tilt 
angle and the energy of implantation for the P-body are the 
most critical factors to obtain the optimized performance such 
as threshold voltage, on-resistance, breakdown voltage, and 
leakage current in the short gate length LDMOS, which have 
been carefully optimized using a device simulator. Lightly 
doped drain (LDD) region is also implemented with angle 
implantation. Trade-off between breakdown voltage and on- 
resistance is done from the control of the doping concentration 
of P-body and LDD implantation as well as LDD length. To 
lower the source resistance, n f  of the source and p+ of the P- 
sink are connected using the metal layer and self aligned 
salicidation. The gate oxide thickness is 7 nm and the gate 
length of 0.25 and 0.3 pm are evaluated. To lower the gate 
resistance and increase frequency performance, the metal 
silicide is used on the gate-poly layer and the optimum unit- 
gates have been combined using first metal. The unit LDMOS 
device is designed to be symmetric. Poly resistor and PIP 
capacitor are implemented on the thick field oxide. And the 
LDMOS process is completed by MIM capacitor and Inductor 
on the 4-lzvel metal layer. 

, 
111. DEVICE CHARACTERISTICS 

The RF LDMOS characteristics with 0.25 and 0.3 pm 
physical gate length are summarized in table I .  The total gate 
widths of the measured devices are 1.92 mm, which is the unit 
gate width for high power device. 
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A.  DC characteristics 
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Fig. 2. RF LDMOS I-V characteristics 
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Fig. 3. RF LDMOS leakage current characteristics 

B . RF Characteristics 

Cut-off frequency and Fmax are expected by extrapolation 
of data measured from 1 to 20 GHz. Fmax could not be 
anticipated in 0.25 pn LDMOS due to the absence of last pole 
within measurement frequency range. In 0.3 pm LDMOS, ft 
and fmax is expected to be 32 GHz and 26 GHz, respectively. 

RF power performances of 0.3 pm gate length LDMOS are 
evaluated from the load-pull measurements. Fig. 5 shows a 
single tone measurement result of the power and efficiency 
contours at 900 MHz. The gate width of the measured device 
is 1.92 mm and the input power is 5 dBm. The power 
characteristics at the drain voltage of 3.5 V and the quiescent 
current of 7 mA are shown in Fig. 7 with load and source 
matched to the impedances which give the maximum 
efficiency and the maximum gain respectively. 
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The output power and efficiency at 1-dB gain compressed 
point (P,dJ are 20.8 dBm and 61 %. The saturated output 
power shows 22.5 dBm with more than 71 % efficiency. At 
the load impedance tuned to the maximum output power, the 
power increases by more than 1.3 dB. The power gain is 
higher than 29 dB, hence two-stage GSM PA is expected to be 
possible. 

Fig. 5.  RI: LDMOS Load Pull measurement (Frequency = 0.9 GHz, 
Total gate width = 1.92 mm, Vdd = 3.5 V) 
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Fig. 6. Pin-Pout characteristics in the load pull measurement setup 

Fig. 7 .  RF LDMOS Model 

The nonlinearity of the drain resistance is included in the 
channel current model. The model parameters has been 
extracted from0.6 GHz to 20 GHz, the drain bias from 0 to 5V 
and the gate bias from 0 to 2.4 V. 

Gate and source electrode resistance have been modeled by 
RE and R,, respectively. R, accounts for series drain resistance. 
Rchd and Rchs describe the non-quasi static (NQS) effect of 
the channel resistance. Gate to drain capacitance and gate to 
source capacitance are explained by C, and Cgrr respectively. 
C ,  corresponds to the intrinsic source to drain capacitance via 
channel. The parasitic current component from the drain 
active region to the substrate experiences junction capacitance 
of Cjd and substrate resistance of Rsub. Cm is related to the 
offset of CdP and C,. The parasitic inductance and resistance in 
interconnection lines for combining unit power cell changes 
according to frequency due to skin effect. This effect is 
modeled with parallel resistor and inductor, as like RB&, 
Rpfis, and R,,/L,,.To evaluate the model accuracy, the load- 
pull simulation is performed using the electrical model at the 
same bias conditions. Fig. 8 shows the simulated load-pull 
contour result, which are similar to the measured result in Fig. 
5. Also the simulated power characteristics well anticipate the 
measured ones. 

111. DEVICE MODEL 

RF LDMOS has been modeled using own empirical RF 
LDMOS model [3]. The equivalent model is given in Fig. 7, 
which is implanted in the agilent ADS simulator. 
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Fig. 8. RFLDMOS load-pull simulation under the same condition 
in the Fig. 5 .  
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V. ISOLATION 

It is important to isolate the CMOS control circuits from the 
high power devices to integrate them on a single silicon 
substrate since high voltage or current of power devices can 
disturb operation of the low power logic circuitry. Although 
the isolation depends on the size and location of the circuits, 
here, several possible isolation methods on the specific 
patterns are compared. There are two signal-leakage paths. 
One is through the substrate and the other is on the air. 

(a) (b) (cl 
Fig.9. Isolation structure (a) Typical oxide isolation (b) P+/Psink 
isolation (c) P+/Psin?./Metal isolation 

Five types of isolation structures as shown Fig. 10 are 
evaluated. In cases of Fig 9 (b) and (c), line type and ring 
types are examined. The isolation measurements are 
performed through N+ regions on either side of the field oxide 
(FOX) area. The size of each N+ region is 10 pm x 30 pm, 

The gap between two N+ regions is 30 pm, and the probing 
pad is located 50 pm far from the N+ area in each side. Fig 10 
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shows the isolation characteristics. Simple structure is not 
effective to curb the leak path in RF frequency as expected. 
The ground shield line of P-sink improves the isolation by just 
0.7 dB at 6 GHz, where the length and width of P-sink line is 
50 and 10 pm, respectively. The P-sink ring type makes 
improvement of 2.3 dB at 6 GHz. The P-sink ring type with 4 
-metal ground has Iess than 4-dB isolation. This experiment 
shows that it is insufficient to lay a ground line structure 
between two blocks and it is important to enclose the block for 
effective isolation. 

VII. CONCLUSION 

A high power LDMOS has been successfully implemented 
with CMOS technology. The saturated drain current and 
breakdown voltage are 450 pA/pm and 14 V, respectively, 
and on resistance is 3.1 ohm-mm. W and power measurement 
has been performed on the device having the total gate width 
of 1.92 mm. Cut-off frequency is 32 GHz and fmax is 26 GWz. 
The output power and efficiency at 1-dB gain compressed 
point (PldB) are 20.8 dBm and 61 70. The saturated output 
power measured to be 22.5 dBm with more than 71 % 
efficiency. The device has been modeled by the empirical 
model and simulated to be well correspondent with the 
measured data. The isolation characteristics have been 
measured with regard to the structures composed of P-sink 
and back-end metal layers. This structure makes the 
improvement of 4 dB at 6 GHz in isolation performance, 
compared to the typical structure. 
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Fig, IO. Isolation measurement 
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