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OVERVIEW

Deep-submicron semiconductor prod-
ucts exhibit increasing sensitivity to
Charge Device Model (CDM) ESD tests.
Dielectric failure of fragile core logic
MOSFETSs can be the result of high cur-
rents and voltage build-up occuring
internally during a CDM test.

Simulation of CDM events is compli-
cated by the crucial importance of the
specific chip layout. Internal voltage

4= Circuit Editor: H:/use;
File Edit Tools ‘wWindows Help

[=al (=il

gested in [1], where a number of inter-
connected on-chip circuit blocks are
represented by equivalent capacitive cir-
cuits. The approach has been applied
here using the SEQUOIA ESD software
package.

|
CHIP-LEVEL CDM

The curcuit used for chip-level simula-
tion of a CDM event contains a three-
capacitor network representing an on-
chip circuit block (Fig. 1): Cds capacitor
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accomplished via the VIN node, con-
nected to the capacitor network by time-
dependent resistors R2, R6.

A CDM event is simulated by discharg-
ing the capacitor network into the equiv-
aent pad circuit LO (10nH), R5 (0.5
Ohm), C3 (1pF). Charge sharing
between Cds and Cdd produces avoltage
difference Vds during the discharge.
Additional internal voltage build-up
occurs dueto voltage drop on power rails
represented by R3, R4. Aninternal CDM
clamp MO (W=25?m, Fig. 2) is placed
between the power rails to limit the
voltage difference to safe levels.

by a comparison of internal voltage
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— carried out using Soft-
s cdm clamp ﬂm 3\ ware to calculate the internal current
H) [ e and voltage waveforms and to deter-
= Vdd mine the resulting voltage build-up
[ during the CDM discharge. Protective
1. 1o _l| action of the ESD clamp MO is assessed

| -

] —

]. L) J2] 03] 4 var  wet | Expr [ TogiOabs(@Nen+) | ClippingRange ‘
\ j@ EIEEIS] = vt — e [CTogibs@neg+)  cont: 20 —|
ik | | Vss i j Zoom CutLine | Measure | Probe

4= Device plot (Hifusers;’ =[3lx|

Fle Edi Miew Tools Windows Help

e L _D_ — _D_ L + log0fabsisHetl+1)
ﬁ Lo CE 1e- 41 -tanh(($t-FCUFEHD c2 [H=FCITe-E1e12 025 05 lﬁzﬂnn
1) v 10e-9—r1 13 |_|1e-5+teaandtiscsEn 09812 Vit 185
| | + — T ’ | 120
@}_ - - - 0.5 185
o/ —L_"chip block (equivalent circuit) = o
N f— . 170
1 | 2 i

155
150

V Reuse [T ShowGrid Flg 1

build-up depends on current paths taken CO0 (10pF), Cdd capacitor C1 (0.2pF) and

M
by the charge accumulated inside the | Css capacitor C2 (0.2pF). Interna s S
chip and escaping to the grounded 10 charge storage on the circuit block is =H
pad. Chip-level simulation of the CDM | modeled by these capacitors. Pre-charg- e M a2

event is possible using the approach sug- ing to CDM test voltage of 500V is
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waveforms with and without the clamp
device.

|
CALIBRATING THE MOSFET

The CDM protection clamp is simulated
as a physica finite-element model
embedded in a mixed-mode circuit. A
parametrized device structure, doping
profiles and fully automatic mesh gener-
ation were used (Figs. 2, 3).

log10(abs($Net}+1]

SEQUDIA Devios Designer V2 1.5 (070201 kd
02 015 01 006 00 005 01 015 02 1)

02 02 195
190
185
180
175
170
185
0105 005 180
155
v OO 0.0 150

g2 01 41 0 00 05 01 015 02
® (um)

Fig. 3
For the simulation to be realistic, it is
important to verify the accuracy of the
MOSFET simulation particular with
respect to breakdown. A comparison of
simulation to experimental Transmission
Line Pulse (TLP) data (Figs. 4,5) pro-
vides this verification.
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|
TRANSIENT SIMULATION
Transient mixed-mode simulations were
carried out with and without the
grounded-gate MOSFET MO. After pre-
charging the circuit to 500V, a discharge
path was created via the time-dependent
resistor R7 acting as a switch. Due to the
low parasitic resistance R5 of the probe
and itsinductance L0, the discharge cur-
rent shows rapidly oscillating behavior

(Fig. 6).
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Internal chip potentials Vssand Vdd fol-
low the same pattern of damped oscilla-
tion starting at the pre-charge voltage
Vedm=500V (Fig. 7). Charge sharing
between Cdsand Cdd resultsin avoltage
difference Vds|[1]:

V = ﬂv (EQ 1)
DS — CDM
Cps* Cop

In our case we observe a peak Vds of

about 17V, a dangerously high value for
thin dielectrics in submicron MOSFETS.

If the discharging circuit block (repre-
sented by the capacitor network Cds,
Cdd, Css) is located a significant dis-
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tance away from the current sink (10
pad), additional voltage build-up can
occur dueto voltage drop on power rails.
A 40hm line resistance R3,R4 leads to
an unclamped peak voltage of 22V (Fig.
9). Thisvoltage spike would lead to per-
manent oxide failure of fragile corelogic
devices.
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Fig. 9

A grounded-gate MOSFET was placed
in the circuit as a small CDM clamp MO
with a device width of W=25?m to limit
the peak internal voltage build-up to safe
values. Mixed-mode simulation results
demonstrate that the CDM clamp trig-
gers(Fig. 10) tolimit theinternal voltage
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build-up to about 10V at the CDM clamp
site (Fig. 9). Circuit designers can use
such findings to determine where CDM
clamps need to be placed to assure safe
handling of CDM events.

Realistic CDM applications can include
multiple circuit blocks represented by
capacitive networks Cds, Cdd, Css with
complex discharge current flows
between them as demonstrated in [1].
Thecircuit in Fig. 11 is an example of a
two-block multi-power IC CDM prob-
lem, where charge collected in block A
passes through block B onits way to the
grounded pin.

|
SUMMARY

Charged Device Model ESD eventsarea
substantial challenge for modern deep-
submicron integrated circuits. Analysis
of the CDM event is complicated by the
layout-dependent current flow and volt-
age build-up inside a chip.

Chip-level simulation of CDM eventsis
necessary to capture the relevant effects.
Mixed-mode physical simulation pro-
vides an accurate description of the dis-
charge event and the protective
capabilities of distributed ESD clamps.

SEQUOIA ESD offers a complete inte-
grated software solution for the analysis
and design of ESD protection circuits.
Physical accuracy and ease-of-use are
combined in a uniquely powerful pack-
age. For moreinformation please contact
SEQUOIA Design Systems.
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