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Design and Fabrication of a High- Voltage nMOS Device”
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Abgract : High-voltage nMOS devices are fabricated success ully and the key technology parameters of the process
are optimized by TCAD software. Experiment results show that the device' s breakdown voltageis 114V ,the thresh-
old voltage and maximum driven ability are 1. 02V and 7. 5mA (W/ L = 50) ,respectively. Experimental results and

smulation ones are compared caref ully and a way to improve the breakdown performance is proposed.
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1 Introduction

High-voltage semiconductor devices have been
used in a wide range of applications,such as driv-
ers,actuators,regulators and 0 on;the devices are
also used in switching devices with extremely low
voltage drops at on-state,low leakage current at
off-state ,and fast switching times*?'. In order to
achieve higher reliability and lower manufacturing
cost ,there has been growing interest in developing
high-voltage devices that can be integrated in low-
voltage CMOS circuits'® . The method of integra
tion provides an excellent way of achieving both
high voltage and low voltage functions on the same
chip ;it reduces the cost of fabrication and reliabili-
ty of circuit.

This paper presents afeas ble method to fabri-
cate high-voltage nMOS devices ( HV-nMOS)
based on 0. $ m CMOS process. The device can be
used in high-voltage integrated circuits such as

Article ID : 0253-4177(2005) 08-1489-06

driver ICsfor FED'.

2 Device simulation

2.1 Device structure

Figure 1 shows the schematic cross section of
an HV-nMOS structure using bulk slicon p-sub-
strate. The high-voltage nMOS device is lateral
double-diffuson MOSFET (LDMOS) ,which can
be fabricated in the standard CMOS process by
means of adding extra masks and process steps.

Aswe can see from Fig.1,Lq is the length of
the drift region of HV-nMOS,and its lengthening
can lead to the increase of breakdown voltage of
HV-nMOS® . L is the length of the field plate,
which can improve the breakdown voltage of HV-
nMOS by reducing the surface electrical field'® . L.
is the channel length of HV-nMOS,which deter-
mined by the lateral diffuson of thep well and HV
n well.
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Fig.1 Schematic cross section of highrvoltage nMOS device

. ) From Table 1 and Table 2 ,we can see that the

2.2 Technology calibration , . . .
smulation results usng default coefficients cannot

The HV n well is the drift region of HV- match the experiment results. In order to make the
NnMOS. The phosphorusin an HV n well can afect smulated results more creditable ,it is necessary to
a device’ s breakdown voltage. The p well is the  calibrate the coefficients of TSUPREM-4" . DIX.0

channel region of HV-nMOS,which can afect the and DIP. O represent the impurity diffuson coeffi-

threshold voltage and output current of the device. cient of phosphorus and bornin S and SEG. 0 re-
Thus, the technology parameters to form wells presents the segregation coefficient of born be-
should be carefully designed by TCAD software!® . tween slicon and S0,'® . Table 3is the experimen-

In order to guarantee the validity of smulation re- tal and smulated resultsof an HV n well with cali-
sults,the experiments to fabricate an n well and p brated coefficients.
well have been designed before the smulation.

Table 1 Resultsof experiment 1

n well R/ (KQ - O-1) Xi/d m Codfficient in TSUPREM-4
Experimental results of experiment 1 2 5.3
Smulated results usng default codficients 2.2 6.27 DIX.0=2.31x10%
Smulated results using calibrated coeficients 2 5.4 DIX.0=1.3x10%

Table 2 Results of experiment 2
p well R/ (K2 - O-Y Xj/M m Codficient in TSUPREM-4
Experimental results of experiment 2 3.8 4.81

SEG.0=1.13x10°

Smulated results usng default coefficients 2.7 5.58
DIP.0=4.10 x 10°
) ] o SEG.0=5 % 10?
Smulated results usng calibrated coefficients 3.7 4.83
DIP.0=3x10°
Table 3 Smulated and measurement results of HV n well
Parameter Xi/4 m R/ Q- O-1) Thickness of 902 ater anealing/ nm
Smulation 3.3 4910 378
Measurement 3.34 4829 362.8

HV-nMOSare:Ls =9 3 m,Ls =7 %I m,Lc varies
from 1 % m to 3 m with the increase of 0. 34 m.
In this paper ,the structural parameters of the MEDICI'™ is used to smulate the breakdown char-

2.3 Device simulation
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acteristic of HV-nMOS(L: =21 m). At low phos
phorus doses, smulation result indicates surface
breakdown around the n* drain region. As the im-
plant dose increases to 1 3 x 10" ,a maximum bulk
RESURF breakdown voltage is achieved; further
increasing the implant dose leads to loss of RE
SURF action and decrease of breakdown volt-
age!”’. The RESURF technique is based on the to-
tal depletion of the HV n well region leading to a

spreading of equipotential lines, just as Fig. 2

shows.
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Fig.2 MEDICI smulation results (a) Breakdown
voltage versus HV n well doping; (b) Equipotential
contoursof HV-NMOS (Vg =0V ,Vgs =170V)

3 H\VVnMOSfabrication

The HV-nMOS is fabricated based on 0. 31 m
standard CMOS process in IMECAS (Institute of
Microelectronics, Chinese Academy of Sciences) .
The following is the key process flows.

(1) BSp-substrate;

(2) Phosphorusimplantation for HV n well ;

(3) Boron implantation for p well ;

(4) Annealing process to form HV n well and
p well;

(5) Fieldimplantation and L OCOSformation;

(6) Channel doping for HV-nMOS;

(7) Channel doping for low-voltage CMOS de-
vices;

(8) Gate oxide formation;

(9) Gateformation;

(10) 9 D formation;

(11) Contact and metallization.

The stepsof (2 4,6) are the extra steps to
form HV-nMOS while the other steps are the
standard CMOS process. In order to be compatible
with standard CMOS process,the thickness of the
gate oxide is 15nm and the formation of the two
wells is assgned at the beginning of the whole
process ,thus the high-voltage process cannot aff ect
the performance of low-voltage CMOS devices.

4 Results and discussion

The experimental results show that the maxi-
mum driven ability and threshold voltage of HV-
nMOS (W/L = 10 m/2 m) are 7.5mA and
1 02V ,respectively ;the breakdown voltage of the
deviceis 114V when Vg =0V. Table 4 is the conr
parison with related work' .

Table 4 Electrical parameters of devices

Breakdown| Output
Device voltage current | W/ L las/ L
(Vgs=0V) [(Vgs=5V)
HV nMOS 114V 7.5mA 50 7.5x10°5A/Um
HV nMOSI® | 100V 7mA 90 [ 5.2x10-5A/um

The comparison between smulated results and
experimental resultsare shownin Fig.3. The smu-
lated threshold voltage and experimental threshold
voltage are 0. 84V and 1 02V (Fig.3(a)). Howev-
er ,we can see that the deviation between s mulated
results and experimental results of output charac
teristics becomes obvious as Vs increases,just as
Fig.3(b) shows.
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In device smulation ,we do not take the inter-
face states between dlicon and dlicon dioxide into
account. Infact ,the Coulomb scattering mechanism
of theinterface states and fixed oxide chargesisthe
dominant scattering mechanism as Vs increases.
The dependence of mohility on the gatefield can be
described by an empirical relationship of the fol-
lowing form:

whereo is the maximum extracted value of the
mobility at a given doping concentration andy isan
empirical constant. Anincrease of Vg canlead to an
increase in€« ,which causes carriers to be drawn
closer to the interface ,thusincreasng surface scat-

tering ,and hence lower mohility!" .
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Fg.3 Smulated results versus experimental results

(a) lasVgs characteristics; (b) Output characteristics

The output characteristics of different devices
are compared in Fig.5;the channel lengths of four
devicesare 1L 5,2 ,2 5,and 3 m ,respectively. From
Fig. 5 we can see that the decrease of channel
length can lead to the increase of the device' s driv-

en ability. However ,the short channel length may
lead to the reduction of soft breakdown voltage be-
cause of punch-through:the breakdown voltage of
HV-nMOS (Lc =1 34 m) isjust 85V when Vg =
5V. On the other hand ,the driven ability of the de-
vice is determined by two important factors: the
length of drift region (L¢) and channel (Lc)™.
Thus,the increase of L. cannot lead to the rapid
decrease of driven ability. The experimental results
show that the output current only decreases about
15% when L. increasesfrom L 3 mto 2 m (Fig.
5) : therefore, we can conclude that the channel
length of HV-nMOS should be designed as 21 min
order to maintain the breakdown voltage of HV-
nMOS and get an acceptable output current.
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Fig.4 Breakdown voltage of HV-nMOS devices
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Fig.5 Output characteristics of different channel

Figure 2 shows that the optimal breakdown
voltage of HV-NMOS devicesis 170V ,but the ex-
perimental result is still 114V. The reason for the
discordis the effect of field implantation. In order
to avoid parasitic MOSFETSs between adjacent de-
vices field implants should be done before LOCOS
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process;according to layout design rulesof O § m
CMOS process,the distance of afield layer spaces
well layer or active layer (L1) is3I m just as Fig.6
shows. Figure 7 is the breakdown potential con-
tours of HV-nMOS when Vg = 0V , Vg = 140V.
The smulated results of MEDICI show that the
postion of the peak electrical field is (34 731 m,
1 4564 m) and the weak point of breakdown is the
p-n junction between the field implant region and
the drift region of an HV-nMOS. In order to inm-
prove the breakdown performance of an HV-
nMOS,self-enclosed structure of the device can be
adopted. Figure 8 shows the cross section of it. We
can see that the drain of HV-nMOSis surrounded
by the regions of source and gate, 0 the break-
down between thefield implant region and drift re-
gion can be avoided.
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Fig.6 Layout of HV-nMOS
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5 Conclusion

In this paper ,an HV-nMOS has been success
fully integrated with standard 0 8 m CMOS

HV-nMOS

HV nMOS

Fig.8 Sdf-enclosed HV-nMOS

process. Process steps are given in detail after snmr
ulation and optimization by TSUPREM-4 and
MEDICI. The HV-nMOS has been fabricated in
IMECAS and the device exhibits excellent DC
characteristics and acceptable breakdown perfornr
ance. A way to improve the breakdown perform-
ance of the device isproposed. The process and the
structure of an HV-nMOS are feashle for high
voltage applications.
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