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A systemic and comprehensive ESD-induced parasitic model is presented in this paper, which is used to analyse

the parasitic influences of electrostatic discharge (ESD) protection circuits on the performance of radio frequency

applications. A novel low-parasitic ESD protection structure is made in a 0.35um 1P3M silicide CMOS process. The

measured results show that this novel structure has a low parasitic capacitance about 310fF and a low leakage current
about 12.2nA with a suitable ESD robustness target about 5kV human body model.
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1. Introduction

The performances of integrated circuits (ICs), in-
cluding speed, power, and integration, generally ben-
efit from the advanced deep-submicron complement
metal-oxide—silicon (CMOS) techniques, such as thin-
ner gate oxide, shorter channel length, shallower junc-
tion, lightly drained diffusion (LDD) structure and
salicided diffusion process. Unfortunately, electro-
static discharge (ESD) robustness of the ICs is ter-
ribly degraded by these novel techniques. ESD fail-
ures have become a profound reliability problem to
the deep-submicron ICs. Statistics indicate that up to
30-40% of all IC electrical failure may be attributed
to ESD events.[!] Hence, all of our focus for the past
20 years has been concentrated to the improvement
of the ESD robustness level of the ICs. In order to
acquire a sufficiently high ESD level, the traditional
means is to use a large-area ESD protection device.
However, a large-area ESD device is associated with
large parasitic effects, including parasitic capacitance
Crsp and leakage current I1cakage- 1hese parasitic
effects are tolerable in the digital and low-speed mix-
signal (M-S) applications, but have substantial impact
on the high-speed M-S and radio frequency (RF) ICs’
performance, such as, clock delay, signal integrity, in-
put/output impedance matching, power efficiency and
bandwidth. Hence, ESD protection for M-S and RF
ICs has to deal with the tradeoff between good ESD
performance and low parasitic effects.

Although some experimental researches>~4 have
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been reported about parasitic effects for RF ESD pro-
tection, no systemic parasitic models have been re-
ported to estimate the magnitude of these parasitic
effects instead of those costly and time-consuming
iterative experiments. How to accurately calcu-
late these parasitic effects becomes a puzzle to RF
designer. In this paper, a systemic and compre-
hensive ESD-induced parasitic model is presented,
which is used to analyse the ESD-induced para-
sitic influences and find a low-parasitic ESD protec-
tion strategy for RF applications. Using this novel
model, a novel low-parasitic ESD protection structure,
lower-voltage-triggering silicon-controlled-rectifier se-
ries diode string (LVTSCR-SDS), is also performed.
Compared with this novel ESD structure, several tra-
ditional ESD structures are implemented in a 0.35um

1P3M silicide CMOS process.

2. ESD-induced parasitic capaci-

tance model analysis

Overall parasitic capacitance of each ESD protec-
tion device consists of three parts, as shown in Fig.1:
the bonding pad capacitance Cp,q, the capacitance
associated with metal interconnection Cyr, and the
ESD device intrinsic capacitance Cs;. Hence, the to-
tal ESD-induced parasitic capacitance Cgsp of ESD
protection device is

Crsp = Cym + Cpag + Csi. (1)

http://www.iop.org/journals/cp http://cp.iphy.ac.cn
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Fig.1. Layout of a kind of ESD protection structure with various ESD-induced parasitic capacitances.

The bonding pad capacitance Cp,q is determined
by the bonding pad opening rule for a certain CMOS
process. In general, the design rules of the minimum
passivation opening width and the minimum metal en-
closure of the pad are implemented to minimize Cp,gq.
In the 0.35um 1P3M silicide CMOS process, the min-
imum dimension of a bond pad window including cov-
ering metal is 90 x 90um?, and Cp,q is about 200fF.

Study of the layout suggests that the main
source of the parasitic interconnected metal capaci-
tance Cy comes from ESD metal lines associated with
inter-layer capacitances, including metal-to-diffusion,
metal-to-substrate, inter-metals, as well as metal-to-
polysilicon, which exist in any ESD structure. Be-
cause of the lower capacitance per unit area of less
than 0.05fF /um? in the 0.35um 1P3M silicide CMOS
process (as shown in Table 1), Cy is always neglected,

Table 1. Interconnected metal capacitance per unit area
in a 0.35pum 1P3M silicide CMOS process.

Inter-Layer

From To Cu/¥/ ,umz
Metall Polysilicon 5.06X10~17
Metall Diffusion 3.68X10717
Metall Substrate 2.54X10~17
Metal2 Metall 3.55X10~17
Metal2 Polysilicon 1.57X 1017
Metal2 Diffusion 1.41X1017
Metal2 Substrate 1.22X10~17
Metal3 Metal2 3.55X10~17
Metal3 Metall 1.39X10~17
Metal3 Polysilicon 9.32X10~18
Metal3 Diffusion 8.70X10~18
Metal3 Substrate 7.97X10718

whereas it cannot be ignored in the advanced high-
density IC design which has a large area of metal.
To reduce the total Cy, the device with a high area-
efficient ESD level should be selected.

The ESD device intrinsic capacitance Cg; is
twofold: the junction capacitance Cjyuy. and the gate
overlap capacitance Coy.

In general, the pn junction capacitance is the
combination of the depletion capacitance Cpe, and
the diffusion capacitance Cpig. The depletion capac-
itance Cpep is caused by the major carriers in the pn
junction potential barrier. With the variation of bias
voltage, electrons in n-region and holes in p-region
are ‘deposited in’ or ‘taken away from’ the barrier re-
gion, which results in the changes of barrier width and
quantities of the charge in barrier region. This char-
acteristic is similar to the charging and discharging
functions of capacitances. Therefore, this pn junc-
tion capacitance performance is named as the deple-
tion capacitance Cpep. And, the diffusion capacitance
Chpig is caused by injected minority carriers under the
forward-bias status. With the forward voltage, a num-
ber of minority and majority carriers are accumulated
in the diffusion region. With variation of forward
voltage, the densities of the accumulated carriers are
changed, thus forming the diffusion capacitance Cp;g.
Under the circuit normal operation, ESD protection
circuit should be in off-state, which means that the
pn junction of the ESD device is in the reverse-bias
status. Hence, for an ESD device, its pn junction
capacitance is only equal to the reverse-bias deple-
tion capacitance, Cjunc =Cpep. Under the reverse-
bias condition, the depletion capacitance is decreased
with the increase of reverse voltage, given by

€0esigNaNp

CDep(V) = Aeff .

2(Na + Np)(Vb — vJ " X (1 - %)1/27 (2)
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where Aqg is the pn effective junction area, Na and
Np are the carrier densities of acceptor and donor,
and Vp is the junction contact potential.

The gate overlap capacitance Co, exists between
drain/source and gate for a MOSFET device. Since
the source and gate of a MOSFET ESD device is
generally connected with the ground, the source/gate
overlap Cgs can be neglected. Hence, the gate overlap
Cov can be expressed as

Cov = Cga + Cgs = (3)

where Coyw is the drain/gate overlap capacitance per
gate width, and W, is the width of gate.

sd = Covw - W,

Table 2. ESD device intrinsic parasitic capacitance in a
0.35 pm 1P3M silicide CMOS process.

pn junction type CDCpA/(F/umZ) Cpepp/(F/pum)
n-well/p-sub 1.44X10716 4.26X10716
n-diff/p-sub 1.09X 1015 2.35X 1016
p-diff/n-well 1.36X10-15 2.98X 1016

Capacitance per gate width Coyw = 4X10716 (F/um)

Table 2 shows ESD-induced intrinsic parasitic ca-

Csi—MosrFET = Cga + Cap, = Covw - Wy + Cpepa - Wy - Lnp + Cpepp - 2(Wg + Lap),

where Cpepa and Cpepp are the junction parasitic
capacitance per unit bottom area and that per unit
sidewall periphery, respectively; Lnp is the length of
drain diffusion. In general, the parameter W, deter-
mines the ESD robustness level, so Csi_mosreT Will

pacitance in a 0.35um 1P3M CMOS process, including
the gate oxide capacitance per gate width Cow, the
pn junction capacitances per unit bottom area Cpepa
and per unit sidewall periphery Cpepp.

2.1. Parasitic capacitance for different
ESD protection device

The intrinsic capacitances of different ESD pro-
tection structures are analysed as follows.

For a single diode, its intrinsic capacitance
Csi—Diode 18 equal to its pn junction depletion capaci-
tance Cpep.

For a MOSFET device, its parasitic intrinsic
capacitance Cgsi_mosFeT 1S a combination of the
drain/gate and source/gate overlap oxide capacitances
Cya and Clye, and drain/bulk and source/bulk pn junc-
tion capacitances Cqp and Cgp,, as shown in Fig.2(a).
Since the source, bulk and gate for MOSFET are
all connected with the ground, Cgs and Cy, can be
neglected. Hence, its intrinsic parasitic capacitance
Csi—MosrFeT can be given by

(4)

depend strongly on Lyp. The parameter Lyp needs
to be further optimized to reduce Cs;_mosrreT for RF
ICs, which can be done by decreasing the number of

drain-diffusion contact rows.
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Fig.2. Cross-sections of various ESD devices with associated parasitic capacitances: (a) MOSFET,

(b) LVTSCR.

Another ESD structure is the SCR device and
its modified structure, LVTSCR. A cross-section of
LVTSCR is shown in Fig.2(b). Different from the
normal SCR, a saddle n+ diffusion is inserted near

the surface at the n-well edge and a ‘helper-trigger’
MOSFET is built in parallel with the SCR. The in-
trinsic capacitance of LVISCR, Csi_1vTscr, is given
by



2300

Wang Yuan et al

Vol. 15

Csi—tvrscrR = Cpepa—Nw - Lnw - Wnw + Cpepp—nw - 2(Lnw + Ww)

+Coww - Wxw + Cbepa—nD - Lnp - Wnw + Cpepp—nb - (Lnp + Waw ),

where Cpepa—nw and Cpepp—Nw are the n-well junc-
tion capacitance per unit bottom area and that per
unit sidewall periphery, respectively; Cpepa—np and
Cpepp—np are the saddle n™ diffusion junction capac-
itance per unit bottom area and that per unit side-
wall periphery, respectively; Lxyw and Wynw are the
length and width of n-well, respectively; Lnp is the
length of saddle n™ diffusion in the p-substrate. The
parameter Wynw determines the ESD robustness level
of LVTSCR. Similar to Csi_mosFET, the parameters
Lnw and Lyp should be further optimized to reduce
Csi_tvrscr by decreasing the number of n™ and p™
diffusion contact rows in n-well and the number of
saddle n™ diffusion contact rows in p-substrate.
Figure 3 shows the intrinsic capacitance and
layout areas of various ESD structures, including
diode, gate-grounded NMOS (ggNMOS), gate-coupled
NMOS (gcNMOS), and LVTSCR, with the same ESD
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Fig.3. Intrinsic capacitance and layout area of various ESD
structure.

robustness target about 5kV human body model
(HBM) in a 0.35um 1P3M silicide CMOS process. Be-
cause of their low area-efficient ESD level, the diode,
ggNMOS, and gcNMOS have a large layout area and
a huge ESD-induced parasitic capacitance. With a
5kV HBM ESD target, the intrinsic capacitance of
the diode is about 1.2pF, that of ggNMOS is about
1.3pF, and that of gcNMOS is about 1.5pF. The in-
crease of the gctNMOS capacitance originates from the
capacitance of its additive RC circuit. Such a large ca-

1

(5)

pacitance is intolerable for RF applications of devices
that are very sensitive to parasitic effects. Maybe the
LVTSCR is a good choice. The intrinsic capacitance
of LVTSCR is about 440fF, including pn junction ca-
pacitance, and ‘help-trigger’ MOSFET’s gate overlap
capacitance.

2.2. Low-parasitic capacitance strategy

Although the LVTSCR has the lowest parasitic
capacitance in all ESD structure, the total ESD-
induced parasitic capacitance is close to a magnitude
of ~pF level because of the bonding pad and the in-
terconnected metal capacitances as shown in Eq.(1).
Hence, a low-parasitic capacitance strategy for RF
ESD protection still needs to be given. An approach
is the series diode string (SDS) structure, reported
in Ref.[5].
capacitance of the SDS structure is rapidly reduced

One believes that the intrinsic parasitic

when the series diode number m is increased. For an
m-stage SDS structure, its intrinsic parasitic capaci-
tance Csi_sps can be given by

(6)

Csi—sps = Csi—Diode/ M.

When m is increased, though the total device area
increases, it is interesting to find that Cs;_spg is de-
creased instead of increased. Apparently, a low par-
asitic capacitance may be obtained in a poor area-
efficient diode device. However, since Cs;_piode Of a
single diode is sizeable, the layout cost of the SDS
structure is excessively expensive to reduce its capac-
itance, which is beyond the endurance of the today
high-density-pin ICs.

Our solution is the LVTSCR-SDS structure, the
layout of which is also shown in Fig.l. 1In the
LVTSCR-SDS structure, the LVTSCR device is used
to achieve the required ESD robustness level because
of its high area-efficient ESD level, and the SDS struc-
ture is used to reduce the intrinsic parasitic capac-
itance. For an m-stage LVTSCR-SDS structure, its
intrinsic parasitic capacitance Csi_1vTscr—sps can be
expressed as

Csi—tvTscrRCSsi—Diode

CSi—LVTSCR—SDS = <C +
Si—LVTSCR

—1
m >
CSi—Dl()de

Csi—Diode + MCSsi—LVTSCR
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Obviously, Csi_rvrscr—sps is decreased with the in-
crease of the stage diode number m.

Figure 4 shows the CSi*LVTSCR*SDS versus the
It illustrated that
Csi_tvTscr—sps is decreased from 440 to 29fF when

series diode number m. is
m is increased from 0 to 9. However, according to
Eq.(1), the total ESD-induced parasitic capacitance
Cgsp is not only determined by the ESD device in-
trinsic capacitance Cs;, but also by the bonding pad
capacitance Cp,q and the interconnected metal capac-
itance Cy;. Especially for the LVTSCR-SDS structure,
although Cs;_rvrscr—sps is decreased when m is in-
creased, Cp,q is almost a constant and Cy is even in-
creased because of the increase of the total metal area.
Obviously, the total parasitic capacitance Cgsp is not
a monotonically decreasing function of m. When m
is small, Csi_pvrscr—sps is the primary factor and
Cgsp is decreased with the increase of m. Whereas
when m is large, Csi_pvrscr—sps is decreased less
than the increase of Cy, so Cggp is increased with
the increase of m.
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Fig.4. Extracted intrinsic parasitic capacitance

Csi—Lvrscr—sps with different series diode num-

ber m.

The curve of Cgsp_LVTSCR—SDS versus m is
When m
to 3, Crsp_1vrscr_sps is decreased from 640 to

shown in Fig.5. is increased from 0
310fF. However, when m is increased from 4 to 9,

Crsp-1LvTscr-sps is increased slightly from 310 to

337fF. In Cgsp_rvrscr—sps, Cpad 1S a constant of
about 200fF; Csi_rvTscr_sps is decreased with the
increase of m, but Cy is increased with the increase of
m. Hence, it is illustrated that when m is equal to 2 or
3 the minimum Cgsp—_rvrscr—sps about 310fF could
be acquired. In the next section, experimental results
also show that the LVTSCR-SDS structure with 2 or
3 series diodes has the best ESD performance.
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Series diode number, m
Fig.5. Extracted total parasitic capacitance

CrspD—1LvTsCrR—sDs with different series diode number
m.

3. Leakage current model analy-
sis

Another prominent ESD-induced parasitic effect
is the leakage current. Compared with the SDS struc-
ture, the novel LVTSCR-SDS structure also has a low
leakage performance.

For a standard CMOS process with a p-type sub-
strate, a single diode is made of a parasitic vertical
p-n-p bipolar transistor instead of an ideal pn junc-
tion diode. Hence, as shown in Fig.6, an m-stage p-
n-p-based diode string will form a p-n-p series string
in a Darlington configuration whose front-stage base
is connected with the next-stage emitter. And all the
parasitic p-n-p transistors have a common collector
connected with the substrate. Each stage diode con-
tributes its collector current to the substrate as the

Iix Ip, Ip, Ip,, IouT
—» —» > —»
IN 1 [ 1 [ 1 [
p+ nt | p+ nt ans
D1 T n-well D: n-well
|¢ ID; ,Leak P ]D‘z ,Leak p-substrate

_l_

Fig.6. Cross-section of the m-stage SDS ESD protection structure.
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leakage current and transfers its base current to the next-stage diode emitter, described by

In, = N, Ip, Leak = mIDl = %IINa
Ip, = ﬁfm, Ip, Leak = WIIN,
(8)
Ip,, = WIINa Ip,, Leak = ﬁflm
Tour = ﬁlﬂ\ﬁ

where Ip, and Ip, 1cak are the diode forward current
and substrate leakage current of the i-stage diode, re-
spectively; and I1n and Ioyr are the inflow and out-

flow currents of the total diode string, respectively.
Hence, the total leakage current Ispg r.eax of the SDS
is

m

IsDS,Leak = ZIDi,Lcak = Iin — Iour = Iin {1 - (

=1

The inflow current I1n of the SDS is unity before
the diode string turns on. Under the power voltage
about 3.3V, for a 6-stage SDS, the voltage shared by
each stage diode is about 0.55V (less than the diode
turn-on voltage about 0.65V). Hence, Iy can be esti-
mated by

\% 0.55
Iin = Isexp (m) = Iy exp (

"\~ 9'
0.026) L 10

1

7ﬁ—|— 1)m] =~ IIN-

In general, the saturation current Ig is of the mag-
nitude of ~fA in a 0.35um CMOS process.[% Accord-
ing to Eqgs.(9) and (10), the total SDS leakage current,
Isps Leak, is approximately equal to the inflow current,
In, i.e. about the order of ~ pA. Such a large leakage
current is lethal to RF ICs.

Next, the leakage current of an m-stage LVISCR-
SDS structure is analysed. As shown in Fig.7, the

(10)  inflow current Iy of the LVTSCR device is divided
Ip, Ip,, Toyr
=+ ——OuT

LVTSCR

IV TSCR, Leak

Fig.7. Cross-section of the m-stage

LVTSCR-SDS ESD protection structure.

into two parts: the LVTSCR leakage I1yrscr,Leak and the inflow current Ify of the next diode string, described

as

!
Iin = Ity + IscR,Leaks

IDl = IIIN7 IDl,Leak =
1

In, = —— 1,

Do = Gyt
1

I =—_TI.

RS

B
S
G+1 1"

Ip,, Leak = ( Iy,

g+1)m
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The SDS leakage current Isps r.cax and the total LVI'SCR-SDS leakage current I1yTscR—SDS, Leak are given
by

1
Ips Leak = Iy — IouT = Iix [1 1 ] ~ Iy,

g+1)m

IV TSCR—SDS, Leak = ILVTSCR, Leak + ISDS Leak ~ IIN-

(12)

By comparing Eq.(12) with Eq.(9), although the  cess. Besides the pure-SDS (Fig.8(a)), to calculate the
leakage currents of the two diode strings are al-  variation of the parasitic effects with different series
most equal to the inflow current Iy, the Ity of the diode number, the LVTSCR-SDS are fabricated with
LVTSCR-SDS is less than that of the SDS structure.  various diode numbers from 2 to 6 (Fig.8(e)), with a
For a SCR device, I1y is equal to its forward-blocking  fixed ESD robustness target about 5kV human body
current, which is of a magnitude of ~nA in a 0.35um  model (HBM). Moreover, three modified diode strings
CMOS process.["8 Apparently, inserting a LVISCR  are also made in the same test chip, including the clad-
device in the SDS structure is greatly helpful to im-  SDS (Fig.8(b)), boost-SDS (Fig.8(c)), and cantilever-
proving its leakage performance. SDS structures (Fig.8(d)), which have been reported

to have eliminated the Darlington effect.[’) The leak-
age current performance and I-V characteristic of the
4. Experiments and results chip are measured by the Agilent semiconductor pa-
rameter analyser 4156C. And the ESD robustness per-

To testify our novel systemic ESD-induced para-  formance is tested by the ESD & Latchup test equip-
sitic model, the above ESD protection structures are  ment KEYTEK ZAPMASTER 7/4. The photograph
implemented in a 0.35pum 1P3M silicide CMOS pro-  of the test chip is shown in Fig.9.

DDA 1
= Vss

== v L .;.‘l;,. ;;L,_ VDD

gt ”ﬂ
2 g = DEPHD DD g
DD — @ =

(e)
Fig.8. Schematic diagrams of the (a) Pure-, (b) Clad-, (c¢) Boost-, (d) Cantilever-, (e) LVTSCR-SDS struc-
ture.

4.1. Leakage current performance

The measured leakage currents of the various
ESD structures are illustrated in Fig.10, including
the pure-, clad-, boost-, cantilever-, and LVSCR-SDS
structures. It is clear that the leakage currents of the
former four traditional SDS structures are all at ~ pA
level. Under the power voltage about 3.3V, the leakage
current of the pure-SDS is about 3.3uA. The clad-SDS
is about 3pA. The cantilever-SDS is about 1uA. And
the boost-SDS is about 0.5pA. Obviously, such a large
leakage current level is intolerable for RF ICs which

Fig.9. Photograph of test chip.

are very sensitive to parasitic effects. The measured
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leakage currents of the LVTSCR-SDS structure with
various diode numbers are shown in Fig.11. Under the
power voltage of 3.3V, the IryTscr—sDs,Leak Of the
LVTSCR-SDS is about 12.2nA. Since the series diode
string scarcely contributes to the total leakage cur-
rent, the leakage current is quasi-constant when the se-
ries diode number is increased. Hence, the ~nA-level
LVTSCR-SDS structure is preferable to the ~pA-level
traditional SDS structure for the RF ESD protection.
Moreover, the spurious values in Figs.10 and 11 orig-
inate from the noise of the testing equipments, which
is neglected in our analysis.

—64
35x107M 7 T re-SDS
3.0x 10— 6 —e— boost-SDS
6]+ clad-SDS
= 2.5x107"1__ cantilever-SDS
Z 2.0x10~%{-+- LVTSCR-SDS /
Z 1.5x107% ra
° I's
& 1.0x10~ %4 P »
£ ,‘;‘ 54
g 5.0x1077 - :ﬁwm =*
0.0 “nmduﬁtﬁoooocdﬂﬂiht*xﬂ

0.00306091215182124273033
Voltage/V
Fig.10. Measured leakage currents Iycakage Of various
ESD structures.
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Fig.11. Measured leakage currents IyyTSCR—SDS,Leak

with different series diode number m.

4.2. -V characteristic

The measured [-V characteristics of the diode
strings together with four traditional ESD designs are
shown in Fig.12. The trigger voltages of the pure-,
clad-, boost- and cantilever-SDS structure are about
3.9, 3.7, 4.5 and 5.4V, respectively.
rent is 50mA which is determined by the measuring

The peak cur-

equipment. To protect the equipment, a peak current
about 50mA is limited by the Agilent semiconductor
parameter analyser 4156C.

Vol. 15
0.051
—#— pure-SDS ; 2 f?
0.044 —-4—clad-SDS e ;r 1
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—a— i - »
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8 0.021 “{ .. " T
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3 : Fe
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3 4
Voltage/V
Fig.12. Measured [-V characteristics of the four tradi-
tional series diode string structure.

The measured I-V characteristics of the LVSCR-
SDS structure with different series diode numbers are
shown in Fig.13. The trigger voltages of the LVSCR-
SDS device are about 8 to 9V. Moreover, Fig.13 shows
that the increasing speed of the current with the volt-
age becomes gradually slow when the series diode
number m is increased. A sharp slope of the I-V
characteristic is beneficial to the discharge of the ESD
current, whereas a gently slope is harmful. When the
series diode number is increased, the parasitic turn-on
resistance Rgsp of ESD structure is increased because
the parasitic resistance is also in series. Too large a
Rgpsp will hamper the discharge of ESD current. Ob-
viously, a large number of series diodes are not recom-
mended for the LVSCR-~SDS structure for ESD pro-
tection. It is found that a LVSCR-SDS structure with
2 or 3 series diodes may be optimal.

0.05

—a— LVTSCR-SDS2
—e— LVTSCR-SDS3
0.049 —a LVTSCR-SDS4
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8 9

Voltage/V
Fig.13. Measured I-V characteristics of the LVSCR-SDS
structure with different series diode number m.

4.3. ESD performance

The measured ESD failure voltages of various
ESD protection structures are shown in Fig.14. The
ESD failure voltage of the pure-, clad-, boost-, and
cantilever-SDS structures are equal to 2, 2.5, 2, and
2.5kV, respectively. With the same layout-size diode,
the ESD failure voltage of the LVI'SCR-SDS struc-
tures with different series diode numbers is decreased
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from 5 to 2.5kV when the diode number is increased
from 2 to 6. It is also clear that a LVSCR-SDS struc-
ture with 2 or 3 series diodes has the best ESD per-

formance.

5.5 . v
s LVTSCR-SDS
5.0j - . » cantilever-SDS
> 45 4 clad-SDS
< 4
= 1 «+ boost-SDS
';c 4.0 2 pure-SDS
3 3.59 .
£ 3.0
E 2.54 L] A [] []
9 )
2 2,0j - *
1.5 T r T v T
2 3 4 5 6

Series diode number, m
Fig.14. Measured ESD failure voltage of various ESD pro-

tection structure.

5. Conclusion

In summary, in this paper, a systemic and com-
prehensive ESD-induced parasitic model has been pre-
sented, which is used to analyse the parasitic influ-

ences of ESD protection circuits on the performance
of RF ICs. This novel model can accurately estimate
ESD-induced parasitic capacitance and leakage cur-
rent, instead of the costly and time-consuming itera-
tive experimental methods. Using this model, a novel
low-parasitic ESD protection structure, LVTSCR-
SDS structure, is made in a 0.35um 1P3M silicide
CMOS process.
determine the most suitable series diode number m
of the LVT'SCR-SDS structure. Analytical and exper-
imental results show that a LVISCR-SDS structure
with 2 or 3 series diodes has the lowest parasitic ca-

This novel model also can help to

pacitance about 310fF and a low leakage current about
12.2nA with a fixed ESD robustness target about 5kV
HBM.
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