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ESD Implantation for Subquarter-Micron CMOS
Technology to Enhance ESD Robustness
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Abstract—A new electrostatic discharge (ESD) implantation products enter into the phase of mass production, the IC prod-
method is proposed to significantly improve ESD robustness of ycts are processed by a lot of automatic machines, such as the
CMOS integrated circuits in subquarter-micron CMOS processes, 55semply and test machines, to have a throughput as fast as pos-
especially the machine-model (MM) ESD robustness. By using _. .
this method, the ESD current is discharged far away from the sible. SO_’ the MM ESI_D robustness Of_SUCh mass-production IC
surface channel of nMOS, therefore the nMOS (both single nMOS Product is often more important then its HBM ESD robustness.
and stacked nMOS) can sustain a much higher ESD level. The How to effectively improve MM ESD robustness of IC prod-
MM ESD robustness of the gate-grounded nMOS with a device ycts has become a challenge in the subquarter-micron CMOS

dimension width/length (W/L) of 300 pzm/0.5 um has been suc- ; .
cessfully improved from the ofiginal 450 V/ to become 675 V in a processes. But, from the past literature, it is seldom to see the

0.25um CMOS process. The MM ESD robustness of the stacked design or method for improving MM ESD robustness. .
nMOS in the mixed-voltage I/O circuits with a device dimension [N order to enhance ESD robustness, some ESD implan-

WI/L of 300 pm/0.5 um for each nMOS has been successfully tations had been reported for including into process flow to
improved from the original 350 V to become 500 V in the same modify the device structures for ESD protection [11]-[13]. The
CMOS process. Moreover, this new ESD implantation method \_tvne ESD implantation was used to cover the lightly-doped
with the n-type impurity can be fully merged into the general drain (LDD K struct dt K d . "
subquarter-micron CMOS processes. drain ( ) peak structure and to make a deeper junction
Index Terms—Electrostatic discharge (ESD), ESD implantation, !n nMOS. deVIFe for.ESD pro.teCtlon [11]. T.he P-type ESD
ESD protection, machine model. |mplant§t|9n Wl'th a higher doping concentration Iocate.d under
the drain junction of nMOS was used to reduce the junction
breakdown voltage, and to earlier turn on the parasitic lateral
. INTRODUCTION n-p-n bipolar junction transistor (BJT) of the nMOS [12].

OMPONENT-LEVEL ESD stresses on integrated circuf¥loreover, both of the N-type and P-type ESD implantations

(IC) products had been classified as three models [1]: tH&e used in nMOS devices to create a higher ESD rol:_)ustness
human body model (HBM) [2]-[4], the machine model (MM)[13]- The experimental results to compare the effectiveness
[5], [6], and the charged device model (CDM) [7], [8]. The ESIRMONg those ESD implantation methods had been investigated
voltage ratio between HBM and MM ESD robustness of CMO! @ 0.18xm CMOS process [14]. o
IC products was aroung10 in the submicror(1.0 ~ 0.5 um) In the mixed-voltage circuit application, the stacked
CMOS processes [9], [10]. In the past, most of ESD desig}MOS structure had been widely used in the _mlxed_-vo_lt_age
efforts were focused to improve HBM ESD robustness of [#fPut/output (I/O) buffer [15] to solve the gate-oxide reliability
products. With a high HBM ESD robustness, the IC produd%sue without using the additional thick-gate-oxide process
also had a high enough MM ESD level. Typically, a CMOS i¢also known as dual gate oxide in some CMOS processes) [16],
product, which has a HBM ESD robustness of 2 kV, can su’t the power-rail ESD clamp circuit [17]. Unfortunately, in
tain a MM ESD stress of 200 V. However, the MM ESD roSuch mixed-voltage /O circuits, the stacked nMOS often have
bustness of IC products has been found to degrade much wétgBuch lower ESD level, as compared to the buffer with single
than its HBM ESD robustness in the subquarter-micron CMO¥/0S [18], [19].
processes. This ratio has approached about 15-20 in the sui? this paper, a new ESD implantation method to improve
quarter-micron CMOS processes. The CMOS IC fabricated BpD robustness of both single and stacked nMOS is proposed
the subquarter-micron CMOS processes can still be designe@@$l verified in a 0.25:m CMOS processes. The MM ESD
have a high HBM ESD robustness, but it becomes more chigvel has been an especially significant improvement [20]. The

lenging to have a high enough MM ESD level. When the IElBM/MM ESD level ratio in the single nMOS can be success-
fully kept at~10. On the other hand, the ratio between HBM

. . _ , and MM ESD levels in the stacked nMOS can be pulled down
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Fig. 1. Experimental setup to measure ESD transient current waveforms QO
during ESD zapping. ‘ : : ks
‘Rise Time = 35;
ESD stresses through the gate-grounded nMOS (ggnMOS) are R T R BT vy e L A T ; r—
measured and compared to find the difference. The experimental . it et tay
setup to measure the current waveforms during ESD zapping is Time (50ns/div.)

illustrated in Fig. 1, where the KeyTek Zapmaster is used to gen- (@
erate the HBM and MM ESD sources. The digital oscilloscope
with a current probe of Tektronix CT-1 is used to measure the R e e
ESD transient currents in time domain. f /Ipeak 4 94A

The actual ESD current waveforms flowing through the =
ggnMOS with a device dimension width/length (W/L) of
300 xm/0.5 ym under 4-kV HBM and 400-V MM ESD
stresses are measured and shown in Fig. 2(a) and (b), respec-
tively. The current peak of 4-kV HBM ESD stress in Fig. 2(a)
is 3.54 A, and the rise time is 35 ns. The current peak of 400-V
MM ESD stress on the ggnMOS in Fig. 2(b) is as high as 4.94
A, and the rise time of the current is 15 ns. When comparing ;
these two ESD current waveforms, the MM ESD stress has a
much higher ESD current peak within a shorter current pulse
width. This implies that the MM ESD event generates more heat
in a shorter time period to burn out the device, and therefore
to cause a much lower ESD robustness. So, ESD protection
design against an MM ESD event has become more difficult
than that against an HBM ESD event in subquarter-micron (b)
CMOS processes.
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¥

i ggNMOS, wiL = 300me0 5pmf
Rlse Tlme =15 ns
e :"";"E‘:DZapPEdbyMM-MDUV

Current (1Aldiv.)

Time (50nsld|v.)

Fig. 2. Measured ESD current discharging waveform through the ggnMOS
with the device dimension W/L of 3G0m/0.5.:m , which is zapped by (a) 4-kV
I1l. ESD IMPLANTATION METHODS HBM ESD voltage, and (b) 400-V MM ESD voltage.

A. Device Structure

Since ESD robustness is strongly correlated with curreecdommonly implemented in nMOS device to overcome the im-
distribution in the second breakdown region, observation péct of hot-carrier reliability, as the n-type lightly doped drain
ESD current discharging paths of different device structur@€LDD) region shown in Fig. 3(a). Such an LDD structure,
provides new insight to understand their different ESD pehowever, will encounter severe degradation on ESD robustness
formance. Generally, the ESD current flowing in a nMO$21]. So, the hot-carrier reliability issue and ESD performance
device has two discharging paths. One is the channel currehbuld be traded off, and the ESD protection device could
of the MOSFET, and the other is the parasitic lateral n-plre more difficultly designed in subquarter-micron CMOS
BJT current path through the bulk of MOSFET device. Iprocesses. Moreover, the ESD protection device with salicided
subquarter-micron CMOS technology, the MOSFET fabricatgutocess is known to seriously degrade ESD robustness owing to
with a high doped arsenic drain, the lightly doped drain (LDDpsufficient ballast resistance [22], [23]. Several experimental
structure, and a salicided process to improve circuit perfaesults have been proven and then suggested to enlarge the
mance. However, several problems may occur when thedearance from drain contact to poly-gate edgedpfor better
technologies are involved in ESD protection devices [21]. THESD robustness [23], [24].
high doped arsenic drain might reduce the breakdown voltageTo improve ESD robustness, some CMOS processes provide
and snapback holding voltage of nMOS, which may improvene extra ESD-implantation mask to modify the nMOS devices
ESD robustness. Unfortunately, the high doped arsenic draihl/O circuits without the LDD peak structure [14]. One of the
increases the electric field in MOSFET to cause severe hot-carditional ESD implantation methods, with n-type impurity
rier reliability issue. To solve this issue, the LDD structure igr improving ESD robustness of nMOS, is shown in Fig. 3(b)
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with the extra N_ESD region. The n-type (N_ESD) impurity in
subquarter-micron CMOS process often has a lower concentra-
tion than that ofV+ drain/source source diffusion to overcome
the hot-carrier reliability issue. However, the N_ESD impurity

with a lower concentration increases the junction breakdown ®)

voltage and snapback holding voltage of nMOS, which reduces

the turn-on efficiency of the parasitic lateral n-p-n BJT in th?g-_“- (a) Cross-sectional view, and (b) layout top view, of the nMOS
. . . . fabricated with the new proposed ESD implantation method to significantly

MOSFET. A comparison on the effectiveness of Improv'n%prove its ESD robustness. The layout parameter “S” is also indicated in this

ESD robustness among the traditional ESD implantatigigure.

methods had been experimentally investigated in [14].

To significantly improve ESD robustness of nMOS in I/O cir-
cuits, the new ESD implantation method is proposedin Fig. 4(a), @
where the blocking layout spacing “S” is the important layout Pre-driver
parameter to be investigated. In Fig. 4(a), the ESD implantation
region covers the whole drain region of nMOS device, except for
the region around the drain contact. The corresponding layout
top view of the nMOS with the new proposed ESD implantation
method is drawn in Fig. 4(b), where the blocking layout spacing | i.____
“S” is also indicated. (P-Substrate

This new N_ESD implantation method is used on the stacked
nMOS in the mixed-voltage 1/O circuits. The cross-sectional
view of the stacked nMOS with the proposed N_ESD implanta- GuardRing |
tion is shown in Fig. 5(a), where the spacing “S” is the impor-
tant layout parameter to be investigated. In Fig. 5(a), the ESD
implantation region covers the whole drain region of stacked
nMOS device, but except the region around the drain contact.
The corresponding layout top view of the stacked nMOS with
the proposed ESD implantation method is drawn in Fig. 5(b),
where the layout parameter “S,” the clearance from drain con-
tact to poly-gate edge (53;), and the spacing (C) between poly
gatel and poly gate? of the stacked nMOS are also indicated.

This ESD implantation region has a doping concentration ate 2
(N_ESD) lighter than that of the origin&lV+) drain diffu-
sion. The junction covered by the proposed ESD implantation
method has a little increased junction breakdown voltage. But, ®
the region not covered by this ESD implantation has the orig-
inal junction breakdown voltage. When a positive ESD V0|taqfég._5. (a) Cross-sectional view, and (b) layout top view, of the stacked nMOS
. . . . abricated with the new proposed ESD implantation method to significantly
is zapped to the pad in Figs. 4(a) and 5(a) with the VSS rekﬁfprove its ESD robustness. The layout parameter “S” is also indicated in this
tively grounded, the drain of the nMOS device is stressed Iyure.
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PROVIDE A SUBSTRATE WITH 6) Next, the subsequent conventional process steps are sali-
OXIDE LAYER cidation, metallization, and interconnection to complete
the ESD protection device.
Two types of devices are investigated in this study: single

IMPLANT LDD STRUCTURE nMOS and stacked nMOS, with a gate oxide thicknessof A
(for 2.5 V voltage supply), a fixed gate oxide length of @,
A\ and a fixed clearance from contact to poly-gate edgg:{Sf
FORM ESD MASK AND PERFORM N_ESD 2.4 m, have different blocking layout spacing “S” to be inves-
IMPLANTATION tigated. These layout parameters are indicated in the Figs. 4(a)

and 5(a). The ESD implantation region in this ESD protection
device has a lighter doping dosage of 10'° ions/cm? and a

{ FORM SIDEWALL SPACERS junction depth of-0.2 ;ym. However, the drain/sourd€+ dif-
\L, fusion has a doping dosage 08510'° ions/cm? and a junction
FORM SOURCE AND DRAIN N+ depth of~0.18 um. The nMOS fabricated by this new process
IMPLANTAION flow has the junction depth of ESD implantation slightly deeper

than the junction depth of drain diffusion. This N_ESD implan-
tation envelops the original LDD region of drain side, except the
CONTINUE OTHER PROCESSING STEPS region around the drain contact in the ESD protection device.

Fig. 6. Fabrication process flow to realize the proposed N_ESD implantation. V. EXPERIMENTAL RESULTS

To investigate the effectiveness of the new proposed ESD im-
the ESD voltage, and therefore breaks down to clamp the OVB[antation method, test chips had been fabricated by ao25-
stress voltage on the pad. However, the region, which is not c@#w0s technology with shallow trend isolation (STI) and sali-
ered by the N_ESD implantation, has a lower junction breakige diffusion. Two types of devices, single nMOS and stacked
down voltage. So, the ESD current is first discharged througimMos, with different blocking layout spacing “S” in the ESD
this region to generate the substrate curréng], indicated in  jmpjantation region are investigated. This new proposed ESD
Figs. 4(a) and 5(a)] to quickly trigger on the parasitic latergip|antation method (shown in Figs. 4(a) and 5(a)) on the test
n-p-n BJT in the nMOS structure. With the self-generated suevices are directly realized by using the traditional ESD im-
strate triggering current, the parasitic lateral n-p-n BJT in th@antation mask with light n-type impurity, which had been an
nMOS structure can be fully turned on more quickly [25]. Sqyptional process step in general CMOS technologies provided
the fast transient current of ESD events, especially in the MM, the most foundries. To simply investigate the dependence
ESD zapping, can be quickly discharged through the parasigeihe ESD-implanted region (adjusted by the spacing “S” in
lateral n-p-n BJT in the nMOS structure. Therefore, the ESayout) on ESD robustness of both single and stacked nMOS

level of NMOS devices can be effectively improved. structures, the layout spacing of the drain diffusion between
the gates is fixed at 5.4m for all devices in the experimental
B. Process Flow test chips. The clearancef§) from drain contact to poly gate

edge is 2.4um, and the spacing (C) between poly gatel and

¢ 'I;he fgbn.catlor?tglci\r/]v for forlr\ln|rI1EgSItDr1§ prr)p(:s?d E.SD hpro- oly gate2 of stacked nMOS is Ou4An. The devices fabricated
ection device wi € new N_ Implantation 1S SNOWR,,, ifferent spacing “S” are measured by the curve tracer

in Fig. 6. The fabrication steps use the general fabr'Cat'(fginvestigate Dd-V characteristics, by the transmission line

methods for example, photolithography, ion-implantation, ; qing (TLP) system [26]-[28] to investigate secondary break-
oxidation, and etching to implement the proposed ESD dew%wn current (It2), and by the ZapMaster ESD simulator to in-
The detailed fabrication steps are described as follows: vestigate HBM and MM ESD robustness. The experimental re-
1) Form gate electrodes of the ESD protection device, as tlsalts are shown in Sections IV-A and B.
shown in Fig. 7(a)
2) Form LDD structure on the ESD protection device, as that Experimental Results of ggnMOS With New N_ESD
shown in Fig. 7(b). Implantation
3) Use the ESD mask layer to define the ESD implanta- 1) pc current-Voltage (I-V) CharacteristicsThe mea-
tion region, and the light N-type dopant form the N_ESRred dc current-voltagé-) curves of the ggnMOS devices
region in the ESD protection device, as that shown igith different blocking layout spacing “S” in the ESD implan-
Fig. 7(c). tation region are compared in Fig. 8. The trigger (switching)
4) Form spacers by CVD interlayer dielectric (ILD) on thesoltages of the ggnMOS devices with = 0 or 2.3 um are
sidewall of the gate electrodes, as that shown in Fig. 7(§).8 V, but that of the ggnMOS device with = 4.9 um is
5) Apply the N+ diffusion mask to define the source and.72 V. The holding points of the ggnMOS devices with the
drain regions, and then form the source and dfsik  layout spacing “S” of 0, 2.3, and 4,8m have no obvious varia-
region in the ESD protection device, as that shown ifion. The dc behaviors of those devices are almost the same, as
Fig. 7(e). those shown in Fig. 8. This implies that the new proposed ESD
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Fig. 8. Measured-V curves of ggnMOS fabricated with the new proposed

Lightly N-type ESD Implantation ESD implantation under different blocking layout spacing “S”.

AL S v TrrYry iy 2) TLP -V Characteristics:The TLP system has been
: : widely used to measure the second breakdown characteristics
Photoresist (PR) of ESD protection devices to investigate the turn-on behavior

t=
|

T

‘f'\sn/ \ ‘_ — '.\ A \sTi) of the device during ESD stress. The TLP system used in this
\\—/ ./ \ /| measurement has been set up with a pulse width of 100 ns and
| P-well LDD Implant Lightly N-type ESD Implant( a rise time of 10 ns to find the It2 of ESD protection devices

\ [27]. When the ESD stress generated by the TLP system

_ESubstiae / zapping on the ESD protection device is greater than its It2, the
©m/0.5um are shown in Fig. 9(a) under the different blocking
AR
sTI \
J ggnMOS fabricated with the new proposed ESD implantation
of 300 xm/0.5 um. But, its It2 can be significantly improved
©m/0.5 um (the drain diffusion between two poly gates is

© devices will be permanently damaged by the overstress current.
layout spacing “S” in the ESD implantation region. The
P-Well LDD Implant Lightly N-type ESD Implant method is shown in Fig. 9(b). The It2 of the ggnMOS with
up to 3.64 A, when the spacing S is increased to 4n®.
fixed at 5.7um), the 1t2 can be improved 25.5% by using the

LTO Sidewall Spacer The TLP-measuret-V curves of a ggnMOS with W/L = 300
dependence of the 1t2 on the blocking layout spacing “S” of the
(" P-Substrate ) S =0 pmisonly 2.9 A, when it has a device dimension W/L
Under the same layout area of the ggnMOS with W/L = 300

N
N* Implant \

| P-Well LDD Implant Lightly N-type ESD Implant new proposed ESD implantation method. This implies that the
(" P-Substrate ) blocking layout spacing “S” in the ESD implantation region is
© an important design parameter determining ESD robustness for
the ggnMOS.

Fig. 7. Fabrication steps (a) form the gate electrode structure, (b) form the3) ESD Test ResultsThe ZapMaster ESD tester is used
LDD structures, (c) use the light n-type ESD dopant to form the N_ESD regi°§b investigate the HBM and MM ESD level of the fabricated
(d) form spacers by chemical vapor deposition (CVD) interlayer dielectric (ILD . . L . .
on the sidewall of the gate electrode, and (€) form source and draimegions (€St chips. The failure criterion is generally defined as the
to realize the proposed ESD protection device. minimum ESD stress to cause the leakage current of the tested
device greater than AA under the voltage bias of 14 VDD.
implantation method does not modify the channel region @b compare with the traditional design, the ggnMOS drawn
the nMOS devices. The trigger voltages of the nMOS devicesth layout spacing S of @m, where the ESD implantation is
with fixed channel length and unchanged channel region kedver the whole drain diffusion, is also tested as a reference.
different spacing S are the same, since the drain-to-souiidee dependences of the HBM and MM ESD robustness on
punch-through voltage dominates the dc characteristics the layout spacing “S” of ESD-implanted ggnMOS, under a
nMOS devices [29]. When such nMOS devices are used fired device dimension W/L of 30@m/0.5m, are shown in
the output buffer as the pull-down devices, their curves aFég. 10(a). With the same layout area and device dimension in
similar to that of the normal nMOS device in the same CMOthe ESD-implanted ggnMOS, the wider spacing “S” can lead
process. This result provides the same devieé behavior to higher HBM and MM ESD levels. The HBM ESD level of
on the ESD-implanted nMOS, as that of normal nMOS, fahis ESD-implanted ggnMOS with a fixed device dimension
working as the functional output devices in CMOS IC's. WI/L of 300 um/0.5m is improved from the original 5.75 kV
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Fig. 9. (a) TLP-measurel-V curves, and (b) the second breakdown currerftig- 10. - Dependence of (a) HBM and MM ESD robustness, and (b) HBM/MM
(It2), under different blocking layout spacing “S” in the ESD implantatiodatio, on different blocking layout spacing “S” in the ESD implantation region
region of the ggnMOS. of the ggnMOS.

(with S = 0) to become 6.75 kV (withlS = 4.9 um). The fabricated in a 0.2%:m CMOS process with the new proposed
MM ESD level of this ESD-implanted ggnMOS, with W/L=ESD implantation method, are shown in Fig. 11(a) under the
300,:m/0.5.m, is also improved from the original 450 V (with different layout spacing “S.” The measured Ed/ curves of
S = 0) to become 675 V (with§ = 4.9 um). This tendency the stacked nMOS with different layout spacing “S” are also
is well consistent with that verified by the TLP-measured Itihserted in Fig. 11(a). The dc behaviors of those test devices
in Fig. 9(b). are almost the same, which imply that the new proposed ESD
The ratio between the HBM and MM ESD levels on the layouinplantation method does not modify the channel region of
spacing “S” of the ESD-implanted ggnMOS with W/L = 300hMOS devices [29]. The dependence of the It2 on the layout
pm/0.5m are further compared in Fig. 10(b). Surprisingly, thgpacing “S” of the stacked nMOS, fabricated with the new
HBM/MM ESD level ratio of the ESD-implanted ggnMOS withproposed ESD implantation method, is shown in Fig. 11(b).
WI/L =300pm/0.5um has avalue of 12.7 whenthe spaciig-  The It2 of the stacked nMOS with = 0 um is only 3.25 A,
0 pm. As seen in Fig. 10(b), this HBM/MM ESD level ratio canyhen it has a device dimension W/L of 3@@n/0.5 um. But,
be decreased to 9.9, when the spacing “S” is enlarged tM.9 jts |t2 can be significantly improved up to 4.03 A, when the
in the ESD-implanted ggnMOS. From the experimental resuligyacing S is increased to 3. Under the same layout area of
Fhe new proposed ESD |mplantat|on_method can S|gn|f|c§1ntllp{e stacked NMOS with W/L= 308m/0.5 um, the It2 can be
increase ESD level of the'nMOS devices in subquarter—mlcrgﬂproved 24% by using the new proposed ESD implantation
CMOS processes, especially MM ESD robustness. MoreoVglethod.
the H.BM/MM ESD level rat_io can be successfully kept-a0 2) ESD Test ResultsThe ESD-implanted stacked nMOS
by this new ESD implantation method. devices are also verified by the ZapMaster ESD simulator
) ) under both HBM and MM ESD stresses. The ESD failure
B. Experimental Results of Stacked nMOS With New N_ESR)itarion of the stacked nMOS under ESD stresses is the same
Implantation as measuring the single ggnMOS. The dependences of HBM
1) DC |-V and TLP |-V CharacteristicsThe TLP-mea- and MM ESD levels on the channel width of stacked nMOS
sured-V curves of stacked nMOS with W/L = 3Qfn/0.5um, with S = 0 or 1.5um are shown in Fig. 12. The HBM and
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Fig. 11. (a) TLP-measuretV curves with the inset of d&-V curves, and S (um)
(b) the second breakdown current (I1t2), under different blocking layout spacing (@)
“S” in the ESD implantation region of stacked nMOS.
530 Stacked NMOS
MM ESD levels are linearly increased, when the channel width WIL = 300um/0.5um 500V
of the stacked nMOS is increased. This implies that the ESD S - -®-- Average o
implantation method leads to uniformly turn on, and the ESD : ; .
level is improving when the total channel width increasing. 2 . a k
However, as comparing the lines between the HBM and MM 4 430 ¢ .
ESD levels under different layout spacing S, the MM ESD level ﬂ Lo
has an obvious improvement if the stacked nMOS is drawn = agq 1 L
with a wider S. _..I:'
The dependences of the HBM and MM ESD robustness on 35?\/ ; , .
the layout spacing “S” of ESD-implanted stacked nMOS, under 3390_5 05 15 25 3.5 4.5
a fixed device dimension of W/L = 300m/0.5m, are shown S (um)

in Fig. 13(a) and (b), respectively. With the same layout area
and device dimension in the ESD-implanted stacked nMOS, the
wider spacing “S” can lead to higher HBM and MM ESD levelsfig- 13. Dependence of (a) HBM, and (b) MM, ESD robustness on the
The average HBM ESD level of this ESD-implanted stack bl g«sng layout spacing “S” in the ESD implantation region of the stacked
nMOS with a fixed device dimension of W/L = 3Q0n/0.5um '

is slightly improved from the original 6.45 kV (with = 0 zm)

to become 6.65 kV (witt$ = 3.9 um), as shown in Fig. 13(a). The ratio between the HBM and MM ESD levels on the
However, the averaged MM ESD level of this ESD-implantelhyout spacing “S” of the ESD-implanted stacked nMOS with
stacked nMOS, with W/L = 30Qum/0.5 um, is significantly W/L = 300 xm/0.5 um are further compared in Fig. 14. The
improved from the original 350 V (witt$ = 0 yum) to become HBM/MM ESD level ratio of the ESD-implanted stacked
500 V (with S = 3.9 um), as that shown in Fig. 13(b). ThenMOS has a value of 18.4 when the spacisig= 0 pm.
MM ESD level can be greatly improved 43% by using the news seen in Fig. 14, this HBM/MM ESD level ratio can be
proposed N_ESD implantation method. decreased to 13.3, when the spacing “S” is enlarged ta®.9

®
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Fig. 14. Dependence of the HBM/MM ratio on the blocking layout spacing
“S” in the ESD implantation region of stacked nMOS. [12]
[13]

in the ESD-implanted stacked nMOS. From the experimental
results, the new proposed N_ESD implantation method cap,
significantly increase the MM ESD level of the stacked nMOS
devices in subquarter-micron CMOS processes. The HBM/MM
ESD level ratio can be successfully decreased 28% by using trBfS]
new proposed N_ESD implantation method. This tendency is
also consistent with that of ggnMOS. However, the HBM ESDI16]
levels of the stacked nMOS drawn with a wider “S” have a
little improvement. Future work on this point, including device [17]
simulation and failure analysis, will be performed to optimize
the new proposed ESD implantation method for application of8]
the IC products.

[19]

V. CONCLUSION

On-chip ESD protection design with a new N_ESD implan-[ZO]
tation method to significantly improve ESD robustness of both
ggnMOS and stacked-nMOS devices, especially MM Esqzn
robustness, has been practically verified in a Qu5-CMOS
process. Moreover, the HBM/MM ESD level ratio of both
single and stacked nMOS is also decreased. The proposed E
implantation method, which is process compatible to general
CMOS processes with an additional noncritical mask layer of23]
light-doping ESD implantation, is very suitable for using in IC
products to improve MM ESD robustness without adding any
extra silicon area. [24]
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