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Abstract : Dedgn and fabrication of Schottky barrier diodes (8BD) with a commercid standard 0. 3% m CMOS process
are described. In order to reduce the series resstor of Schottky contact ,interdigitating the fingersof schottky diode layout
is adopted. The I-V, CV ,and S parameter are measured. The parametersof redized BD such as the saturation current ,
breakdown voltage ,and the Schottky barrier height are given. The SPICE amulation moded of the redized BDsisgiven.
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1 Introduction

Schottky diodes have advantages such as fast
switching geed and low forward voltage drop. Due to
these excellent high frequency performance ,they have
been widely used in power detection and microwave
network circuit!!!. Schottky diodes are often fabricat-
ed by depodting metason rnrtype or p-type semicon-
ductor materias such as GaAs and SC? *. The
properties of forward-biased Schottky diodes are de-
termined by maority carrier ,while minority carrier
primarily determine those properties of p-n diodes. In
order to improve high frequency performance and de-
creaxe supply voltage of 1C,integrating the Schottky
diode into modern IC is very important. But the pro-
cess that can integrate Schottky diode is often not
commercially available and not to integrate with
CMOS circuits monolithically. Desgn about it has ev-
er been introduced and the fabrication of Schottky in
standard CMOS process with the additiona CMOS
process has been repoted while not shown the mea
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sured results® . In thispaper we describe the way to
desgn and layout a Schottky diodein alow cost conr
mercial standard CMOS process without any process
modification. The measured results and SPICE smu
lation model are offered.

2 Design and layout of Schottky diode

This desgn was performed through M PW (multi
project wafer) in charted 0. 334 m CMOS process. A
Schottky diode is formed when a metd layer is de-
posted directly onto a low doped ntype or p-type
sLmiconductor region. When these two materids are
brought into contact with each other ,the differencein
potential gives rise to a barrier height that the elec
trons have to overcome for current to flow. The metal
on the low-doped sesmiconductor is the anode and the
s*miconductor material ,which contacted through an
ohmic contact ,is the cathode. In our desgn only n-
type Schottky diodes were used. A cross section of the
Al-S Shottky diode is shown in Fig. 1.
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Fig.1 Cross section of AlFS Schottky

Inour design ,there was no p* active region un-
der the contact in n-well ,the contact materid is du
minum with area A (equal to d x d). Therefore,the
metal layer will connect directly to the low-doped -
well. As a result there forms a AI-S Schottky diode
contact. For the foundry process determines most of
the parameters such as work function of meta and
densty of n-well ,we can only control the area A of
Schottky diode to modify the 1-V curve or other pa
rametersof the diode.

Figure 2 shows the layout of desgned Schottky
diode. In order to reduce the series redstance of the
Schottky diode, firgly, the distance between the
Schottky and ohmic contacts was st to the minimum
allowable acoording to the desgn rules. Secondly ,in-
terdigitating the fingersof Schottky diode layout was
adopted. The interdigitated layout offers the advanr
tage of paralle connecting of each series red stance un-
der Schottky contact.

3 Measurement results of the fabri-
cated diode

Three types of interdigitating fingers Schottky
diodes with different area have been fabricated in the
charted standard 0.3% m CMOS process through
M PW. The measured results are discussed.

3.1 I~V performance

Conddering the series resstor ,the 1-V function
of Schottky diode can be express as”!

I = lexp(

V - IRs V - IRs
v, )| 1 - exp( Ve )J (D

Fig.2 (&) Cross section layout of the realized Schottky
diode; (b) Plane section layout of the realized Schottky
diode

where V isthe bias voltage, Isis the saturation cur-
rent , Rsisthe sriesresstor ,Visthe thermal voltage
which equalsto kT/ g,and nisthe SBD idedlity fac
tor which can be calculated as:

= (VoD 2)

If the biasvoltageislarger than 3kT/ g ,Equation (1)
can be amplified as
V - IRs

N ) 3
And the Schottky barrier height ¢ can be calculated
as

I = lexp(

4 = Vin( ) (4)

I's
where A " is the dfective Richardson constant.

The measured -V curve is shownin Fg. 3.

By fitting Eg. (3) and the measured results,we
can get the parametersof the reaized BDs,which are
shownin Table 1.

Table 1 Parametersof the redized SBD

Areald m? | Finger number IJA RJQ
$BD1 16 10 2x10°8 10
BD2 1.6 2 5x10°° 90
BD3 0.64 0 1x10°° 200

From Table 1,we can observe that with the
number of interdigitating fingersincreasng ,the series
res stance can be reduced evidently.
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Fig.3 (a) Measured |-V curves at forward bias; (b)

Measured |-V curves at reverse bias Area of BD1,
BD2 ,and BD3 are repectively 16 ,1. 6 ,and 0. 644 m°.

The measured statistic result of barrier height %
for the redized BD is shown in Fig. 4. There are to-
ta 90 samples that have been measured (30 samples
for each of BD1, BD2, BD3). And the barrier
height of the realized BD is about 0. 44eV .

Fig.4 Satidic result of ¢ for the measured BD
(tota 90 samples)

The breakdown voltage is about 4.5V. In future
work , the breakdown voltage can be extended by
me methods that have been used in normal SBD de-
dgn,such as the fabrication of SBD with sf aligned
guard ring'® .

3.2 CV peformance

The small dgna junction capacitor Cj of Schot-
tky diode is given below ,
| G Ny
C = A 5
1= A L% - h- V) )
where Ngis the doping concentration of the nwell ,
¢,is the potentia difference between the fermi level

and the conduction band edge which equals to ( Ec -
E)/ q.

Figure 5 shows the measured reverse bias GV
curve for BDs.

Fig.5 Measured GV curve f =2.4GHz

3.3 S parameter measurement and SBD high fre-
guency modeling

In order to measure the high frequency S param-
eter of the desgned devices,each BD was laid with
three probe pads. The dze of middle dgna pad is
8% m x 8% m and top/ bottom ground Sze is 8% m x
133 m. Usng the GSG probe and network anayss
instrument ,we can get the S parameter of the de-
sgned BD. But the directly measured results of S
parameter include the paradtic capacitance of pads,
meta line and overlays. For the desgned device is
very smal ,these paradtic parameters could not be ne-
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glected and must be subtracted from the directly mea-
sured S parameter by GSG probe. In our works,we
fabricated two dummy GSG pads with no tested de-
vice. The dummy pads Sze is the same as that includ-
ing BD. One dummy GSG pads sgna is connected
with GND caled short pad. The other dummy GSG
pads dgna isopen which is called open pad. The S
parameter of dummy pads should be measured. Then
we can get the paragtic cgpacitance and red stance of
the pad and meta line. And subtracting these paradtic
parameter we can get the S parameter of BBDs with
no paragdtic cagpacitance and res stance. This method is
called de-embedding technology!®’ .

Udsng the measured S parameter , the SPICE
model can be abstracted for high frequency smula
tion. Figure 6 shows the smulation model of the real-
ized BD. L; and L, exhibit the input and output s
rial inductance. C; and C, exhibit the anode input and
cathode node output capacitance resectively. C; ex-
hibits the paradtic capacitance between the interdigi-
tating fingers of Schottky diode’ s two ports. R; and
R, modd for the regstance under the nwell which
connects the place under NWLL to ground. The pn
diode reflects the paraste nrwell-p-sub diode. In our
desgn,the parameter of the pn diode can be gotten
from the charted 0.3% m anaog CMOS process
SPICE moddl.
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Fg.6 Smulation modd of the readized SBD

Figure 7 shows the measured and smulation S
parameter of BD1 (&ter de-embedding). Table 2
shows the parameter of BBD1 by the smulation mod-
d. The frequency is swept from 50M Hz to 40GHz.
And the modd can match the measured results up to
30GHz. Figure 8 shows the photo of redized SBD urn-

der probe measurement.
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Fig. 7 Measurement and smulation S parameter of
BD1 from 50M Hz to 40GHz ater deembedding

FHg.8 Photo of the redized SBD under GSGprobe mea
surement

Table 2 Component value of BD1

Ly 0.005nH L, 0.005nH
Ci 0. 01pf Co 0. 05pf
Ry 200 Ry 2000
Ci 0. 14pf Is 2x10° %A
Rs 10 Cio 0.022pf
By 4.5V Nbv 23

4 Conclusion

Fabrication of Schottky barrier diode in standard
CMOS process through MPW are performed. The
barrier height of the Al-nS contactsisabout 0. 44eV .
The measured I-V , GV ,and S parameter of the re-
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alized BDs are shown in this paper. The advantages
of this SBD dedgn are low cost and can be integrated
into commerciad standard CMOS process. In the fu
ture work ,more emphas s will befocused on extenson
of the reverse breakdown voltage and frequency range
of the BDs desgned on standard CMOS process.
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