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Device Behavior under ESD stress

Body Source

Gate

Drain

ESD event
Impact lonization

Hole current

Bipolar Junction
Turn-on

(Vy,, 1i,) Second breakdown triggering

(V,, I;,) Hold Voltage and current

(Vi1 l;1) Snapback triggering voltage and current
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ESD FET MODEL



Basic Wrapper Model Framework NYCU

Example: Assuming BSIM-BULK for FET modeling 4 =
WRAPPER MODEL ™%
3t
WRAPPER MODEL
------------ --\ 2
f = 0 : Before snapback \I - 2t
0 <f <1: After snapbackl =
l 3
| Q
I ~ 3k
|
|
int 1
Oint H ot
------------ —,, L L L L L thl
Wrapper model connected to the terminals of the BSIM-BULK to capture the snapback for ESD MOSFETs as 0 1 0 20 30 40 50
well as HYMOS. VDS ( V)
« on state ESD current (Ign gsp) characterized by following
I =1 V)+ f=I V '
CLAMP OFF,ESD ( ) f ON,ESD ( ) parameters:

current discharged through wrapper model during .
ESD event. hold voltage (V)

* hold current (Iy)

* fis an internal state variable representing the *  on-state conductance (Gon).

occurrence of ESD stress. f varies from 0 to 1as a

_ « off state ESD current (Iprrgsp): junction leakage
function of the voltage across the ESD clamp.

current of two terminal ESD clamp.

R. Ida, And C. C. Mcandrew. "A Physically-based Behavioral Snapback Model." In Electrical Overstress/Electrostatic Discharge Symposium Proceedings 2012, PP. 1-5. IEEE, 2012.
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Internal state 'f' modeling

The internal state variable ‘' represents the occurrence of impact ionization.
The dynamics of ‘f' as a function of voltage across EDS clamp is given a bivariate function as:

fA.
tanh(K,. (V" +f*)) - f*=0
1
----- V* = V —-0.5V,, — 0.5V
Vit —Vm ( “ )
fr=2r -

Clamped between V,; and V,, to give the snapback behavior.

0

Smooth and continuous transition between 0 and 1when a
biasing voltage of V,;; and V,is applied.

In Verilog A, f is modeled with the help of a current source between S node and another floating node
‘int’, enforcing the current to be zero and hence solving the bivariate function.

T. Wang, and C. C. McAndrew. "A generic formalism to model ESD snapback for robust circuit simulation." In 2018 40th Electrical Overstress/EIectrostatig Discharge
Symposium, pp. 1-8. IEEE, 2018.



Increasing Model Flexibility nyCcu

I= Ioss (V) + fxIon(V) - I= Io7f+ fi:ll__l;f

modified with the fitting parameters a and 5 to have more
control on the fold in the I-V graph

Ion

Snapback Triggering Voltage (V) Flexibility Hold Voltage (V,,) Flexibility Slope of the 1stand 2nd snapback
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Can fit \V/;, Vi, and slope of snapback by changing the parameter according to the data is to be fitted.
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V,; behavior for different gate voltages NYCU
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12 Dotted line: TCAD
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Calibrated DEMOS: t,,=3.1nm, L, =211nm, L,, =128nm, Py
Ly =200nm, Ly =2140nm, W =10pm. Ot V“E. : tl. Vi
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Drain Voltage (V)

Ig = Icpt Igypt IB]T

» A critical substrate current (I.,;) is required to turn on the parasitic BJT; onset of snapback.
« V. decreases with increase inV,
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V., behavior for different gate voltages

I.-ir depends on peak electric field and electron

20 lerit is constant for all Vg
ad concentartion participating in impact ionization .

lerit = lsub = 1.59mMA

sl _" G. Gill, et al.,|EEE TED, 2023.
E‘ 1.0¢ increasing \s « With increasing Vg, electron density increases
~ and a lower electric field /drain voltage is required
305 Ve = OV to achieve the same I, ;.

V,=08,1,1.518/

* This explains the decrease in V,; with increasing Vg.

0 2 4 6 8 10 12 14 16

d(V » For different gate voltages, I.-i; remains constant.



V,; Modeling

lerit is constant for all Vg
lerit = lsub = 1.59MA AR
__________________ — ."_
Increasing V,
_Vsub =0V

V,=0.8,1,15, 1
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BSIM BULK Il model
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TCAD Model Validation-DEMOS

1d-Vg, Vd=50mV 1d-Vd, Vg=0.5, 0.8, 1, 1.5V

o TCAD calibrated data

6 BSIM BULK model |ncreasing V.
V,=05,08,1,15V

I (MA)

0.0 |eeeesseccssessee? c TCAD calibrated data
—— BSIM BULK model
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~ TCAD Model Validation-DEMOS including Snapback

Snapback Characteristics: Id-Vd for high current sweep

1 2 BSIM-BULK with proposed sgapback model
© TCAD data \

8 v,=1.0,15,1.8V

0 2 4 6 8 10 12 14 16
Vy(V)
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Model Validation with Experimental Data

MOSFET
EOS/ESD Symposium, 2004

BSIM-BULK with proposed snapback Model
05 - © [Experimental data
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Summary nycu

dThe proposed model captures the ESD snapback behavior accurately

AFlexibility: Explicit parameters for Vy, Iy, and Vi, Iy,

dModel includes gate, body biases and temperature dependency
dVtl dependency on pulse rise time included

dCan be seamlessly integrated with industry standard compact
models
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