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Basic Wrapper Model Framework

R. Ida, And C. C. Mcandrew. "A Physically-based Behavioral Snapback Model." In Electrical Overstress/Electrostatic Discharge Symposium Proceedings 2012, PP. 1-45. IEEE, 2012.

Example: Assuming BSIM-BULK for FET modeling

Wrapper model connected to the terminals of the BSIM-BULK to capture the snapback for ESD MOSFETs as 

well as HVMOS.

• 𝒇 is an internal state variable representing the 

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

function of the voltage across the ESD clamp.

• on state ESD current (𝑰𝑶𝑵,𝑬𝑺𝑫) characterized by following 

parameters:

• hold voltage (Vh)

• hold current (Ih)
• on-state conductance (Gon).

• off state ESD current (𝑰𝑶𝑭𝑭,𝑬𝑺𝑫): junction leakage 

current of two terminal ESD clamp.

• 𝑽𝑰𝑪𝑳𝑨𝑴𝑷 = 𝑰𝑶𝑭𝑭,𝑬𝑺𝑫 + 𝒇 ∗ 𝑰𝑶𝑵,𝑬𝑺𝑫 𝑽
current discharged through wrapper model during 

ESD event.
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The internal state variable ‘f’ represents the occurrence of impact ionization.

The dynamics of ‘f’ as a function of voltage across EDS clamp is given a bivariate function as:
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T. Wang, and C. C. McAndrew. "A generic formalism to model ESD snapback for robust circuit simulation." In 2018 40th Electrical Overstress/Electrostatic Discharge
Symposium, pp. 1-8. IEEE, 2018.

Internal state ‘f’ modeling

𝐭𝐚𝐧𝐡 𝑲𝟏. 𝑽∗ + 𝒇∗ − 𝒇∗ = 𝟎

𝑉∗ =
2

𝑉𝑡1 − 𝑉ℎ1
𝑡1 ℎ1(𝑉 − 0.5𝑉 − 0.5𝑉 )

f

𝑓∗ = 2𝑓 − 1

Clamped between Vh1 and Vt1 to give the snapback behavior.

Smooth and continuous transition between 0 and 1 when a

biasing voltage of Vh1 and Vt1 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.



Increasing Model Flexibility

Can fit Vt1, Vh1, and slope of snapback by changing the parameter according to the data is to be fitted.
6

Snapback Triggering Voltage (Vt1) Flexibility Hold Voltage (Vh1) Flexibility Slope of the 1st and 2nd snapback

𝑰 = 𝑰𝒐𝒇𝒇 +
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𝟏 + 𝜷
𝑰𝒐𝒏𝑰 = 𝑰𝒐𝒇𝒇 𝑽 + 𝒇 ∗ 𝑰𝒐𝒏 (𝑽)

modified with the fitting parameters 𝜶 and 𝛽 to have more 

control on the fold in the I-V graph
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Calibrated DEMOS: tox=3.1nm , Lch = 211nm, Lov = 128nm, 

Ldr = 200nm, Ld = 140nm, W = 10μm. 𝑽𝒕𝟏 𝑽𝒕𝟏𝑽𝒕𝟏

𝑰𝒅 =  𝑰𝒄𝒉+ 𝑰𝒔𝒖𝒃+ 𝑰𝑩𝑱𝑻

• A critical substrate current (𝑰𝒄𝒓𝒊𝒕) is required to turn on the parasitic BJT; onset of snapback.
• 𝑉𝑡1 decreases with increase in 𝑉𝑔

Vt1 behavior for different gate voltages
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DEMOS: tox=3.1nm , Lch = 211nm, Lov = 128nm, Ldr = 200nm, Ld = 140nm,W = 10μm.

• 𝑰𝒄𝒓𝒊𝒕 depends on peak electric field and electron 

concentartion participating in impact ionization .

G. Gill, et al.,IEEE TED, 2023.

•  With increasing Vg, electron density increases  

and a lower electric field /drain voltage is required 

to achieve the same 𝑰𝒄𝒓𝒊𝒕.

• This explains the decrease in Vt1 with increasing Vg.

• For different gate voltages, 𝑰𝒄𝒓𝒊𝒕 remains constant.

Vt1 behavior for different gate voltages
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DEMOS: tox=3.1nm , Lch = 211nm, Lov = 128nm, Ldr = 200nm, Ld = 140nm,W = 10μm.

Vt1 Modeling
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TCAD Model Validation-DEMOS

Id-Vg, Vd=50mV Id-Vd, Vg= 0.5, 0.8, 1, 1.5V
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TCAD Model Validation-DEMOS including Snapback

Snapback Characteristics: Id-Vd for high current sweep
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Model Validation with Experimental Data

MOSFET

EOS/ESD Symposium, 2004
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Summary

❑The proposed model captures the ESD snapback behavior accurately

❑Flexibility: Explicit parameters for Vt1, It1, and Vh1, Ih1

❑Model includes gate, body biases and temperature dependency

❑Vt1 dependency on pulse rise time included

❑Can be seamlessly integrated with industry standard compact

models

14



More Reading

•  Anant Singhal, Garima Gill, Avinash Lahgere, Girish Pahwa, and Harshit Agarwal, “Improved Compact 

Modeling of Snapback Behaviour in ESD MOSFETs”, International Conference on Simulation of 

Semiconductor Processes and Devices (SISPAD), 2024.

•  G. Gill, A. Singhal, G. Pahwa, C. Hu and H. Agarwal, "Compact Modeling of Impact Ionization in High-Voltage 

Devices," in IEEE Transactions on Electron Devices, vol. 70, no. 5, pp. 2389-2394, May 2023.

• G. Gill et. al., “A Comprehensive Analysis of Safe Operating Area Limits in Ferroelectric-Based DEMOS” IEEE 

Transactions on Electron Devices, Dec. 2024

14


	Slide 1: A Wrapper Model for ESD-FET Simulation and Analysis
	Slide 2: Device Behavior under ESD stress
	Slide 3: ESD Wrapper Model
	Slide 4: Basic Wrapper Model Framework
	Slide 5: Internal state ‘f’ modeling
	Slide 6: Increasing Model Flexibility
	Slide 7: Vt1 behavior for different gate voltages
	Slide 8: Vt1 behavior for different gate voltages
	Slide 9: Vt1 Modeling
	Slide 10: TCAD Model Validation-DEMOS
	Slide 11: TCAD Model Validation-DEMOS including Snapback
	Slide 12: Model Validation with Experimental Data
	Slide 13: Summary
	Slide 14: More Reading

