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Abstract 

The dc and RF characteristics of LDMOS transis-
tors with superjunction (SJ) structures are investigated. 
To suppress the substrate-assisted depletion effect, ta-
pered n- and p-pillar layouts in the SJ region are used. 
Experimental results show that the breakdown voltage 
and the cutoff frequency are enhanced by using the ta-
pered SJ layout. 
 
1. Introduction 

Silicon laterally diffused metal-oxide-semiconductor 
(LDMOS) transistors are the mainstream technology for RF 
amplifiers in wireless communication systems or 
base-stations [1]. One of the main issues concerning the 
design of the LDMOS is the trade-off between the break-
down voltage capability and the on-resistance [2]. To solve 
this problem, the superjunction (SJ) concept was proposed 
by replacing the n-drift region of the LDMOS with a set of 
alternating n- and p-type pillars [3]. However, the majority 
of literatures focus on investigating the dc characteristics of 
SJ LDMOS, and its RF performances are less discussed. In 
this work, we demonstrate the dc and RF characteristics of 
SJ LDMOS. The tapered SJ structure, which can be imple-
mented through conventional SJ device process without 
adding any extra mask, is adopted to suppress the sub-
strate-assisted depletion effect [4]. 
 
2. Device Structure 

The n-channel LDMOS transistors were fabricated us-
ing a 0.5-μm CMOS process with a gate oxide thickness of 
125 Å. The channel length and the drift length are 0.8 and 
3.4 μm, respectively. The LDMOS with a tapered SJ struc-
ture is shown in Fig. 1. Both the column widths of n- and 
p-pillars at the channel side are 0.8 μm. Because the width 
of the n-pillar is increased near the drain, excess carries in 
n-pillars compensate for the space charge induced by the 
p-substrate. Consequently, the substrate-assisted depletion 
effect can be suppressed. The devices under test have a 
multifinger gate configuration featuring 4 fingers with a 
total width of 160 µm for RF applications. 
 
3. Results and Discussion 

Fig. 2 shows the off-state breakdown voltage (VBD) and 
the on-resistance (RON) of SJ LDMOS with different 
p-pillar widths at the drain side (Wt). The increased VBD 
with decreasing Wt suggests the substrate-assisted depletion 

effect could be reduced efficiently by tapering the p-pillars 
near the drain [5]. Because the equivalent column width of 
the n-pillar is increased with decreasing Wt, the resistance 
in the drift region is reduced, leading to the reduction of 
RON. VBD and RON are improved by 51% and 31%, respec-
tively for devices with Wt=0.2 μm as compared to the con-
ventional device (Wt=0.8 μm). 

The output characteristics of SJ LDMOS are shown in 
Fig. 3. At high gate voltages, the tapered SJ device exhibits 
higher drain currents compared to the conventional SJ one, 
owing to the suppression of quasi-saturation effect. More-
over, we observe that the drain current in the conventional 
SJ device increases rapidly at high gate voltages when the 
drain voltage is higher than 20 V, which is caused by im-
pact ionization in the drift region [6]. For tapered SJ de-
vices, the rapid increase of drain currents is eliminated due 
to the smaller drift resistance. 

Fig. 4 shows the cutoff frequency (fT) and the maximum 
oscillation frequency (fmax) of SJ LDMOS at drain voltage 
VDS = 20 V. As compared to the conventional SJ device, 
the enhancements of peak fT and peak fmax are 32% and 
54%, respectively, for the tapered device. When consider-
ing the drain resistance (Rd), fT and fmax can be expressed as 
[7] 
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where gm is the transconductance, Cgs is the gate-source 
capacitance, Cgd is the gate-drain capacitance, gds is the 
channel conductance, and Rg is the gate resistance. We ex-
tracted the small-signal parameters from S-parameters to 
demonstrate the variations of fT and fmax with different SJ 
structures. These parameters are listed in Table I. Higher fT 
and fmax in the tapered device are mainly attributed to its 
lower Rd, since other parameters are less influenced by 
changing SJ layouts. Because the drift resistance of the 
tapered device is smaller than that of the conventional de-
vice, the tapered device exhibits a lower Rd. Fig. 5 summa-
ries the breakdown voltage and the cutoff frequency of SJ 
LDMOS with different Wt. There is no trade-off between 
VBD and fT with decreasing Wt, and the highest VBD and fT 
are achieved for devices with a narrowest p-pillar width at 
the drain side (Wt = 0.2 μm). 
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4. Conclusions  
The dc and RF characteristics of LDMOS transistors 

with SJ structures were presented. The devices with a ta-
pered SJ layout exhibited better device performances com-
pared with the conventional SJ ones. Higher breakdown 
voltages and cutoff frequencies were achieved by narrow-
ing the p-pillar width at the drain side. The results suggest 
LDMOS transistors with a tapered SJ layout could be suit-
able for RF power applications. 
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Fig. 3 Output characteristics of SJ LDMOS transistors with dif-
ferent Wt. 
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Fig. 4 Cutoff frequency (fT) and maximum oscillation frequency 
(fmax) of SJ LDMOS with different Wt. 

 
 

 

 
 
Table I Extracted small signal parameters of SJ LDMOS with 
different Wt at VGS=1.6 V and VDS=20 V. 

 Rd 
(Ω)

Rs 
(Ω)

Rg 
(Ω) 

gm 
(mS) 

Cgs  
(fF) 

Cgd
(fF)

Cds 
(fF)

gds  
(mS)

Wt=0.2μm 99 7.9 3.7 14.9 442 75 192 1.14

Wt=0.8μm 148 7.4 4.1 14.8 461 76 193 1.10

 
 
 Fig. 1 Three-dimensional view of a SJ LDMOS used in this work. 
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Fig. 5 Breakdown voltage and cutoff frequency of SJ LDMOS 
with different Wt. 

 
Fig. 2 Breakdown voltage (VBD) and on-resistance (RON) of SJ 
LDMOS with different p-pillar widths at the drain side (Wt).  
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