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Abstract—In this paper, we have examined the effe(process
parameter variation on the electrical charactesstf n LDMOS
device The rate of change in the electrical parametech as cut of
frequency, breakdown voltage and drain saturatiarreat as ¢
function of the process parametergigestigate.
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|. INTRODUCTION

HE high voltage laterally diffused MOS (LDMO!

transistor was introduced in 1972[1The fabrication

process of the LDMOS devide compatible with thatf
CMOS process. This gives the possibility to combthe
power transistor with the low voltage logic on theme chig
and provide a low codgbrication proces Furthermore, the
use of dicon makes the process significantly cheaper tha
gallium arsenide devices.

The graded short channel of LDMOS, calle-Base,
improves the linearity and high frequency responke
increases the electric field in the channel sucht tthe
electrons reach their saturation vely earlier. Other
advantages of the P-Ba region include the prevention of
punch through and improvement of the de
transconductance [2].

The low doped long region, called-Drift, improves the
breakdown voltage and high power performance ofithece.
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However, at the same tinthe drit region degrades the RF
performance. This is due to tincreased on-state resistance.

In this paper we discuss the impact of processnpeter
variations on the electrical characteristics of tiewice The
device fabrication steps are provided in second section of
this paper. Section Il is devoted to a detaileglaxation of
the underlying physics. It is shown that the sirtialaresults
confirm the physics governing the device. Finallgoaclusior
is drawn in section IV.

II. DEVICE FABRICATION

Fig. 1 shows a crossectional view of the simulate
LDMOS. Fabrication process starts by growing -type
epitaxial layer (N=7x10" cm®) over a p substrate. It is then
implanted with phosphorus p=1x10" cm?) to produce the
n-type drift region. Field xide, required for the high voltay
application is then grown to a thickness of 600

The remaining process steps of the -oxide growth and
poly-silicon gate deposition with doping of 1>*cm® are
similar to those in the conventional (OS process flow. The
poly silicon gate extends over the 65nm thick gatiele anc
terminates on the field oxide. The short channeréated by
the lateral diffusion of boron implantation [1]. &
source/drain region implantation is finally perfad Thi
appropriate anneal times and temperatures wereechtm
achieve the desired profiles.

A 9um height trenchedinkel is also employed in this
structure.The sinker is widely used for lateral power devi
to decrease the number of contacts to only tve. the drain
and thegate contacts, making the LDMOS integration ea
Furthermore, by eliminating the extra surface buonets, the
bulk—source connection reduces the source inductance
thus improves the RF performan], [2].
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Fig. 1Cross section of the simulated LDM
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lll.  SIMULATION RESULTSAND DISCUSSIONS Fig. 4 shows the cut off frequency, fas a function of N-
In the following simulations all the parameters andift doping. It is seen from this figure thatihcreasesand

annealing times and temperatures are kept conatahonly then saturates for increased N-Drift implant das@s can be
the parameter of interest is varied. explained if we assume the well known small signal

equivalent circuit for traditional MOSFET can reaably
model the frequency response of the device [4]neheugh
A. N-Drift Implantation Dose this approach does not take into account the etfedt-Drift
The constant doping contours shown in Fig. 2 iniplg region.
progression of depletion layer edge in the P-Bageon.
Cut off frequency
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As shown in Fig. 3, the effective channel lengtheiduced Fig. 4 The variation ofifas a function of N-Drift doping

as N-Drift doping is increased. Fig. 5, shows the increase in the drain sourceeatiribs,

Channel Length and Transconductance with an increase in N-Drift doping. As expectedoitows the
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E 1100 2
£ | 3.50E-05 =
Z 1050 4\%7,&4 Z
oh - 3.00E05 S Drain C t and Break D Volt:
S 1000 ’/\ g rain Current and Break Down Voltage
= 950 / \ | 2.50E05 £ 1.40E-04 us
S 900 » g 1.30E-04 = L 140 =
£ & | 200605 Z 1.20E-08 =F == | g
S 850 = e — we” 135 =
3 bl < 1.10E-04 F130 ©
T 800 L50E-05 & > lookos = =
S 5k £ 2 B 5 N % % E 9.00E-05 e F15 2
8 & H 4 & &5 5 & & O T 7.00E-05 ~— Fus =
Drift Doping (1/cm”3) E U 6.00E-05 —+ - 110 UE
£~ 500605 F1os 2
. . . ) . 8 = 4.00E-05 . : : 100 S
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The on resistance, R in this device consists of the channel & & A & £ mav

resistance, R, in series with the N-Drift resistancegR Ron Drift Doping (1/em*3)
reduces as a result of decreased channel lengtimarehsed
N-Drift doping. This results in an increase in the fig. 5 The variations of ID and BV as a functior\sDrift doping
transconductance of the devicg, @or low values of doping.
However, for high doping values, i.e. for valueswab5< 10"
cm?®, the rate of gimprovement decreases. This is believed B,
be due to the degradation of the mobility, p, ie t-Drift
region with the increase in N-Drift doping. Figa&o shows
the variation of g with increase in N-Drift doping.

A second reason for the, @aturation may be the increase

Fig. 5 also shows the effect of drift doping on the
eakdown voltage, BV. Breakdown voltage degradigs thie
increase in N-Drift Implantation dose.

The rate of change in each of the electrical patarses a
Junction of N-Drift implant dose is summarized iafle I.

current spreading. Thus the effect of N-Drift dapion the TABLE |

current spreading was examined. At the n+/n ofRh&n/N- THE RATE OF CHANGE IN EACH OF THE ELECTRICAL PARAMETERS AS A
Drift junction and the n/p of N-Drift/P-Base junati current : __FUNCTION OF N-DRIFT IMPLANTATION Dose _
spreading is expected to be significant. Simulatiesults | Differential values | Low doping | High doping | Unit
reveal that the current spreading at the n+/n jands larger | 9(/d(Nv-orir) 2.53€-07 0.62E-07 Hel em
for low N-Drift doping values. This is because fbaction is d(Ip)/d(Nn-pritt) 1.91E-14 6.31E-16 uAfem®
deeper in this case. However the effect of the erirr | d(BV)/d(M.-orit) -2E-14 Viem®

spreading at the p/n junction was found much mieificant

as compared to the spreading at the n+/n junciibns as N-

Drift doping is increased, the current spreadingtret p/n ~ B. P-Base Implant dose

junction dominates and lowers thgighprovement rate. The progression of the depletion layers into there® and
N-Drift region due to an increase in P-Base immtioh dose

1354



International Journal of Electrical, Electronic and Communication Sciences

ISSN:

2517-9438

Vol:4, No:9, 2010

is shown by the constant doping contours in Fig.TBe
increase of P-Base doping results in a reductiomy,pind
channel mobility.

Fig. 6 The constant doping contours showing theeizee in L, as a
function of P-Base doping

The variation of channel length as a function oBd&e
doping is shown in Fig. 7. This behaviour is expddtince as
the P-Base doping is increased, the depletion megimiths
inside the P-Base deceases. The rate of decreateplaftion
width however reduces as the P-Base doping isase As
shown further in Fig. 7, the transconductance dsere for

doping values below 10" cm?®, then the rate of decrease

reduces for higher doping values.
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Fig. 7 The variation of };, and g,as a function of P-Base doping

Cut off frequency follows the behaviour of,.gThis is
depicted in Fig. 8.
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Fig. 8 The decrease af &s a function of P-Base doping
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Fig. 9 The variations opland BV as a function of P-Base doping

The drain voltage drops on the P-Base/ N-Drift awhd
Drift/P-Substrate depletion regions. Maximum brefmikvn is
achieved when the two depletion zones reach thcalri
electric field at the same time. This occurs whea drift
region is totally depleted and the electric fieldbfpe is
flattened. It could be achieved by properly chogsihe N-
Drift and P-Base dopings and dimensions. In thisadeas the
P-Base doping is increased the depletion regiodente N-
Drift region progresses towards the drain end amds ta
complete depletion occurs. Accordingly, the aredeunthe
electric field profile and the break down voltagereases.
Variation of BV with P-Base doping is shown in Fay.

Table Il summarizes the effect of P-Base implargdedon
the electrical characteristics of the device.

TABLE Il
THE RATE OF CHANGE IN EAcH of THE ELECTRICAL PARAMETERS As A
FuNcTION OF P-BASE IMPLANTATION DOSE

Differential values | Low doping | High doping | Unit
d(fr)/d(Np.gasd -6.83E-9 -0.63E-9 Hz/ cm®
d(Ip)/d(Ne_gasd -6.25E-17 -1.37E-17 uA/enT
d(BV)/d(N.gasd 4.12E-16 2.25E-17 Viem

C. Annealing time of N-drift region

Annealing is carried out to activate the implantiapant
atoms. Variation in anneal time, varies the dogingfile. In
fact, there is a square root dependence betweenldapimg
concentration and the anneal time. This dependence
believed to be related to the square root deperdehoutput
characteristics, (see Fig. 12 and Fig. 13) on dppihthese
characteristics are plotted as a function of antiez¢, they
show straight line behaviour. As shown in Fig. 88, the
anneal time increases, due to the dopant diffuskonN-Drift
area enlarges. Furthermore, as shown in Fig. ¥l ddping
density decreases at the surface and becomes mifoenu

The second consequence of increasing the P-BageislosThe consequences are the increasegnaRd also in current

the reduction of operating current due to a lowkanmel
mobility and a higher threshold voltage.

The variation of drain saturation current as a fiomcof P-
Base doping is depicted in Fig. 9.

spreading.
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Fig. 10 The constant doping contours show increéggerface area
between the P-Base and the N-Drift
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Fig. 11 N-Drift doping profile at the N-Drift surta

Fig. 12 shows the variation of the cut of frequersya
function of N-Drift doping. As the N-Drift dopingiincreased
Om is reduced. This is consistent with the data m &i
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Fig. 12 The degradation of theds a function of N-Drift doping as a

result of increase in the N-Drift anneal time

The decrease of saturation drain current with desere drift
doping is shown in Fig. 13. This figure also shawat the
BV increases as annealing time of N-Drift regioinisreased.
This increase is due to reduction in N-Drift doping
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The results of parameter variations have been suineda

in Table lll.

TABLE IlI

THE RATE OF CHANGE IN EACH OF THE ELECTRICAL PARAMETERS As A
FuncTioN OF N-DRIFT ANNEAL TIME

Differential small anneal Large anneal | Unit
values time(high time(low

doping) doping)
d(F)/d(Nu-orite) 4.13E-8 1.95E-7 Hz/ cnt®
d(Ip)/d(N.orit)) 1.04E-21 1E-20 uA/em®
d(BV)/d(M-orite) 3.33E-16 2.5E-15 vien

IV. CONCLUSION

We have examined the impact of variation in several

important process parameters on the electricalachenistics
of an LDMOS device.

The rate of change in each of the electrical patarsavas

reported as a function of the change in the propasameters.
The results are summarized in tables I, Il and IlI.
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