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Abstract-We propose an improved lateral trench gate 
MOSFET with a new trench drain contact. The device is 
predicted to achieve 25V breakdown voltage and a very low 
on-resistance of 7.8 mC2*mm2, which is by 20% lower than 
that of previously proposed standard lateral trench gate 
MOSFETs. The proposed trench contact uniformly 
distributes the electron current in the drift layer, and 
effectively reduces the device on-resistance. 

In the present paper, we also show the detailed electrical 
characteristics of the fabricated standard trench gate 
LDMOS. The large current turn-off capability of 1 . 1 ~ 1 0 ~  
"?was achieved by the fabricated device. 

I. INTRODUCTION 

Many studies of low on-resistance 20 V range lateral 
power MOSFETs have been conducted because these 
devices have a variety of applications in computer 
peripherals. In 1999, we proposed 20V lateral trench gate 
MOSFETs, shown in Figs.1 & 2, which have successfully 
achieved a record low specific on-resistance 13 mR-mm2[ 1, 
21. Conventionally, trench gate structures have been used 
for vertical trench MOSFETs, where channel current flows 
vertically on the trcnch sidewalls. The unique feature of the 
lateral trench gate MOSFETs is that the electrons spread 
from the source layer into the channel regions. induced 
both on the trcnch terraces and on the trench sidewalls. and 
that the electrons flou laterally on thc trench sidewalls 
from the source to the drain. Thc lateral trench gatc 
MOSFETs \yere fabricated. using the standard O.hpm 
CMOS process \\ ith an additional trcnch gate forination 
process, Tlic fabricated device achic\cd 13 mR.mm' of on- 
rcsistancc \vith tlic brcakdou.n \.oltagc of 3SV. \\.liich is thc 
lobvest on-rcsistancc c \w  reportcd. and is cvcn lower than 
that of tlic \.crtical trcncli blOSFETs Thc prc\iousl!. 
rcportcd lo\\.cs~ spccilic oii-rcsist:Incc of 1 5  V 1;ilcral 
DMOS \\.2is 1 X IuLl.ni11i' [ 3 1. 

I n  the prcscnt papcr. \\.c propose ;111 iniprovcd 1;ltCriil 

trcncli ga(c MOSFET \ \ i t 1 1  ;I Ircricl1 drain co~~1;lct. \I l i i c l i  I S  

cffccti\.c to achicvc ;I furtlicr lo\\.cr on-rcsist;tncc o f  7.8 i n 1 2  
. i i i n i '  I! it11 75\' hrc:ikdo\\,n \olt;lgc 

11. IMPROVED TRENCH GATE LDMOS 

Figure 1 shows a top view of the proposed new trench 
gate LDMOS. The top view of the proposed trench LDMOS 
is the same as that of the previously proposed standard 
trench gate LDMOS. 

Figures 2 (a) and (b) show cross-sectional views of the 
standard lateral trench gate MOSFETs along the line A-A' 
and B-B' in Fig. 1. Figures 2 (c) show the cross-sectional 
views of the proposed lateral trench LDMOS along the line 
A-A' in Fig. 1. A number of fine trenches were formed, 
running from the source to the drain n-layer. 

The trench width, the trench-to-trench space and the 
depth are 0.4 pm, 0.4pm and l.Opm, respectively. Since 
the terraces and the side walls of the trenches work as 
channels, the effective gate width is 3.5 times as wide as 
that of the conventional planer LDMOS. 

Figure 3 shows the SEM photograph of the fabricated 
trench gates, which corresponds to the cross-section of Fig. 
2 (b). The photograph shows that the tine trenches are 
formed and filled up with the gate poly-silicon. 

It is important to reduce the spreading resistance from 
the channel to the shallow source layer to achieve a low 
on-resistance. The trench gate must overlap sufficiently 
with the source nf dif is ion laver. The overlapped length 
of the trench and the sourcc n+ layer were optimized in 
order to reduce the spreading resistance and IO realize 
uniform clectron current flow in  the trcnch sidewall. 

In the ne\\ trcnch LDMOS. the drain metal contact is 
performcd by trenches as sccn in Fig.2(c). The trcnch 
contact is found lo bc cffcctivc lo rcducc thc n-drift laver 
rcsistancc. I n  thc n-drirt. the clcctrons flow uniformly, 
bcing widely sprcad i n  tlic dcpth dircclion. The trcnch 
drain contact rcduccs thc spreading rcsistancc from the 
drttin contact. 

Calculations \\CI'C ciirricd out using 3D dc\icc simulator 
dcssis-3D iri ordcr to confirin t l ic cffcct o l  thc drain trcnch 
coiil:ict. Figure 1 slio\vs tlic dcpcndcncc of  the oil-rcsistiincc 
0 1 1  tllc driliii ti-cilch depth I t  \viis found that tlic on- 
ircsistancc rcduccc ;IS the drain trcncli bccoincs dccpcr. If 
1 t t n i  dccp trciicli mnt:ict i s  :itioptcd. ?O''.L oil-resislance 
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improvement is expected. 
Figure 5 (a) and (b) compares the current density 

distributions between the standard trench gate LDMOS and 
the proposed trench gate LDMOS. It is seen that the trench 
contact realizes more umformly distributed electron current 
flow in the n-dnft layer, eliminating the spreading 
resistance from the drain metal contact. 

Figure 6 shows the calculated current voltage curves of 
the proposed trench LDMOS with 14nm thick gate oxide 
for the gate voltages of OV and 5V. The static breakdown 
voltage is 25V. The on-resistance is 7.8 mRm"m, which is 
the lowest value ever reported. 

Figure 7 compares the measured and calculated speclftc 
on-resistances of the proposed trench LDMOS and the 
fabricated standard trench LDMOS. The calculated on- 
resistance for the standard trench LDMOS is lOmR-mm', 
whereas the fabricated device on-resistance was 13mR- 
mm'. The dflerence between simulated and measured on- 
resistances is assumed to be attributed to the degraded 
channel mobility due to the surface roughness [4]. 

111. SWITCHING CHARACTERISTICS OF LATERAL TRENCH 
GATE MOSFETS 

In this section, we report the details on the electrical 
characteristics of the fabricated standard lateral trench 
MOSFETs. 

Figures 8 and 9 show the static breakdown 
characteristics and the measured current voltage curves. 
The measured on-resistance was 13mRm"m. 

Figure 10 shows a resistive load switching waveforms 
for the standard trench gate LDMOS. The switching 
frequency is 1MHz. Typical tum-on and turn-off times are 
1511s and 40ns, respectively. 

Short-circuit withstanding capability for standard 
trench gate LDMOSFETs is shown in Fig. 1 1. The applied 
DC drain bias is 12 V and the gate voltage is 5 V. The 
device withstood I .  1 s 104Ncm2 of current density for 100 
psec under the short circuit condition. 

electrical characteristics of standard trench gate LDMOS. 
The large current turn-off capability of 1 . 1 ~ 1 0 ~  Ncm' and 
the sufficient ruggedness in short-circuit withstanding 
capability of 100 psec was acheved by the fabricated 
device. 
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Fig. 1 Top v i t x  of tlic proposed trench gate 20 V LDMOS 

IV. coscLuslos 

In the present papcr. n e  proposed a n  ImproLed lateral 
trench gatc MOSFET nith a trench drain contact I t  n a s  
predicted that the trench contact unifonnlL distributes the 
electron current floving in thc drift la!er and effectivcl! 
rcducc its on-rcsistance to 7 8 m<2.mm2 ui th  25V 
breakdown \oltage We also shoned the measurcd 
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Fig.2(a) Cross-sectional view of stnadard trench gate 
LDMOS of line A-A' in Fig. 1 

P 

N 

Fig.2(b) Cross-section of line B-B' in Fig. 1 
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Fig. 4 Dependence of on-resistance on the depth of trench drain 
contact 

Fig. 5 (a) Electron current density distribution for 
Standard trench gate LDMOS 

N 

Fig.2(c) Cross-sectional view of improved trench gate LDMOS of 
line A-A' in Fig. 1 

Fig. 3 SEM photograph for the cross-sechon correspond to Fig.2 
(b) 
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Fig. 5 (b) Electron current density distribution for 
Improved trench gate LDMOS 
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Fig. 6 Calculated I-V characteristics of new lateral trench 

MOSFETs. Breakdown voltage is 25V. (Device Area = 3.6 
P2) 
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Fig. 7 Comparison of state of the art on-resistance vs. Breakdown 
voltage. 

2 

$ 1  
P 

0 
0 100 200 300 400 500 

Vds (mV) 

Fig.9 Typical I-V curves of standard lateral trench MOSFETs. 

Fig. I O  Resistive load lMHz switching waveforms for trench gate 
LDMOS. (Drain current: I O m N D i v . ,  Drain voltage: SVDiv., 
Gate voltage: SVDiv., Time:25OnsDiv.) 

1 :  . 6 chi/ 1. b 5::El;n Ch2 s.o- 

Fig 1 1  Short circuit wavel'onn for trench gate LDMOS. 
(Drain voltage: SVllIiv , Drain current: SOmA/l3\!.. 
Gats voltage:jV/Div.. Time: 2Sps/div. ) 
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