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The concern

• Variability: growing concern with scaling.

– How to effectively account for it in design?
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FD-SOI

• Key contender for sub-32 nm nodes.

– Low power, IOT applications, …

L W

Tox (EOT)

TSiTBOX

Planes, N., Weber, O., Barral, V., Haendler, S., Noblet, D., Croain, D., … Haond, M. (2012). 28nm FDSOI technology platform for high-speed 
low-voltage digital applications. In Digest of Technical Papers - Symposium on VLSI Technology (Vol. 33, pp. 133–134). 
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Vertical thicknesses
Automated extraction from slope of Qi/C vs Qi plot
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Pradeep, K., Gouget, G., Poiroux, T., Scheer, P., Juge, A., & Ghibaudo, G. (2017). Systematic evaluation of the split C-V based parameter extraction methodologies for 28 
nm FD-SOI. In 2017 International Conference of Microelectronic Test Structures (ICMTS) (pp. 1–5). IEEE. 

Cb = series(Cox, CSi)
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Vertical thicknesses
On-wafer trends
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Pradeep, K., Gouget, G., Poiroux, T., Scheer, P., Juge, A., & Ghibaudo, G. (2017). Systematic evaluation of the split C-V based parameter extraction methodologies for 28 
nm FD-SOI. In 2017 International Conference of Microelectronic Test Structures (ICMTS) (pp. 1–5). IEEE. 

Similar trends for
PFET and NFET.
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Ground plane vertical doping profile

•
�

����
= �

���	
�� + 

�����	

��� − ����
[Ghibaudo et. al., T-SM 2000].

• Cbg (Vbg) gives the depletion depth, xdep(Vbg).

• The vertical doping profile obtained by 
combining these.

Pradeep, K., Gouget, G., Poiroux, T., Scheer, P., Juge, A., & Ghibaudo, G. (2017). Systematic evaluation of the split C-V based parameter extraction methodologies for 28 
nm FD-SOI. In 2017 International Conference of Microelectronic Test Structures (ICMTS) (pp. 1–5). IEEE. 
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Ground plane vertical doping profile

Highly perturbed by measurement
noise, close to accumulation.
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Pradeep, K., Gouget, G., Poiroux, T., Scheer, P., Juge, A., & Ghibaudo, G. (2017). Systematic evaluation of the split C-V based parameter extraction methodologies for 28 
nm FD-SOI. In 2017 International Conference of Microelectronic Test Structures (ICMTS) (pp. 1–5). IEEE. 
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Lateral dimensions

• ∆��� = ��� �� = �� + ����� −
��� �� = �� − ����� .

– �� is the threshold voltage.

• ∆��� = �"#
�"#

(% − ∆%)(' − ∆').
• Linear regression with W (for 

constant L) and L (for constant 
W).

• Lov from overlap component of 
parasitic capacitance.
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Pradeep, K., Gouget, G., Poiroux, T., Scheer, P., Juge, A., & Ghibaudo, G. (2017). Systematic evaluation of the split C-V based parameter extraction methodologies for 28 
nm FD-SOI. In 2017 International Conference of Microelectronic Test Structures (ICMTS) (pp. 1–5). IEEE. 
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Lateral dimensions
On-wafer trends
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Similar trends and 
values observed for 
PFET and NFET 
(except for Loverlap).

Pradeep, K., Gouget, G., Poiroux, T., Scheer, P., Juge, A., & Ghibaudo, G. (2017). Systematic evaluation of the split C-V based parameter extraction methodologies for 28 
nm FD-SOI. In 2017 International Conference of Microelectronic Test Structures (ICMTS) (pp. 1–5). IEEE. 
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Equivalent single trapezoidal barrier model

• 9� = � × :+; × <= × ' × %	.
• Gate transparency modelled 

using an equivalent single 
trapezoidal barrier.

– Thickness:  4? × @A.

– Barrier height: A × C4?.

– <= = �DE − F"#GH I
J"#

+ K�LF"#� GH�
MN��J"#O"# I .

• P4? = �
�.Q×H"# O"#

.
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Pradeep, K., Karatsori, T. A, Poiroux, T., Juge. A, Scheer, P., Gouget, G., Josse E. , & Ghibaudo, G. Analysis of Gate Current Wafer 
Level Variability in Advanced FD-SOI MOSFETs. 2018 ESSDERC
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tIL, tHK variance segregation using C-V & Ig

• Using  ln T�
K�

= ln� + ln<=:

– Intercept of linear fit of ln <= with :+: 
− FUV

JUV
− FWX

JWX
.

• PTY
 ZT,F(=�(3F
 = ZFUV

 + JUV

JWX


 ZFWX

 .

• From split C-V:

– ZF"#

 = ZFUV


 + NUV
NWX


 ZFWX

 .

• Can extract ZFUV & ZFWX from these.
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• 28 nm FD-SOI:
• W/L = 2 µm/10 µm.
• ZFUV = 0.004	1].

• ZFWX = 0.014	1].

• 14 nm FD-SOI:
• W/L = 5 µm/5 µm.
• ZFUV = 0.005	1].
• ZFWX = 0.092	1].

Pradeep, K., Karatsori, T. A, Poiroux, T., Juge. A, Scheer, P., Gouget, G., Josse E. , & Ghibaudo, G. Analysis of Gate Current Wafer 
Level Variability in Advanced FD-SOI MOSFETs. 2018 ESSDERC
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Statistical modelling of global variability

• For any property X of the device whose variability is being studied.
– ∆X/X ≡ ln (X/X0) where X0 is the property of the device at the center of the wafer. 

– Standard deviation, σ(∆X/X).

– Z ∆a
a


 = ∑ c5,a
cde



Z(fg)
de .

• Sensitivity to each parameter: hi� c	 jk a
cd�

.

• Percentage contributions:

– %f+ = c 5, a cd�⁄ �n� d�
∑ c 5, a cde⁄ �n� dee

× 100.

• This can be applied to capacitance.
– Using Leti-UTSOI compact model.

• This can be applied to gate current.
– Using equivalent single trapezoidal barrier model.

Pradeep, K., Poiroux, T., Scheer, P., Gouget, G., Juge, A., & Ghibaudo, G. (2017). Sensitivity analysis of C-V global variability for 28 nm FD-SOI. In 2017 Joint 

International EUROSOI Workshop and International Conference on Ultimate Integration on Silicon (EUROSOI-ULIS) (pp. 132–135). IEEE. 
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• Good fit obtained 
with the model.

• Fitted values close 
to initial guesses.

Pradeep, K., Poiroux, T., Scheer, P., Gouget, G., Juge, A., & Ghibaudo, G. (2017). Sensitivity analysis of C-V global variability for 28 nm FD-SOI. In 2017 Joint 

International EUROSOI Workshop and International Conference on Ultimate Integration on Silicon (EUROSOI-ULIS) (pp. 132–135). IEEE. 

Parameters used:
Vfb, Vfbb, TSi, TBOX, Tox, ln Nwell
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Capacitance percentage contributions

• Tox dominant in strong 

inversion.

• RBB, moderate inversion: 

Vfb dominant.

– Even stronger at Vb = 0 V.

• Very strong FBB, moderate 

inversion: TSi dominant.

Long-wide NFET
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Pradeep, K., Poiroux, T., Scheer, P., Gouget, G., Juge, A., & Ghibaudo, G. (2017). Sensitivity analysis of C-V global variability for 28 nm FD-SOI. In 2017 Joint 

International EUROSOI Workshop and International Conference on Ultimate Integration on Silicon (EUROSOI-ULIS) (pp. 132–135). IEEE. 
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Ig statistical model

• The proposed model can reproduce the measured variance quite well.

• Parameters used:

– VT.

– tox.

14 nm FD-SOI
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Pradeep, K., Karatsori, T. A, Poiroux, T., Juge. A, Scheer, P., Gouget, G., Josse E. , & Ghibaudo, G. Analysis of Gate Current Wafer 
Level Variability in Advanced FD-SOI MOSFETs. 2018 ESSDERC
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Ig percentage contributions

• Above threshold, the Ig variation is 
controlled almost completely by 
the barrier thickness.

• Below threshold, both VT and 
barrier thickness have similar 
contributions.

– VT slightly dominating barrier 

thickness.

14 nm FD-SOI
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Conclusions 

• Robust, efficient split C-V parameter extraction 
methods.
– Automated extraction on large amount of measurement 

data.

• Gate leakage current model proposed.
– Shown to work in different technology nodes and different 

geometries.

– Can extract variance of IL and HK layers.

• Statistical model.
– Works for both capacitance and Ig wafer level global 

variability.

– Can analyse the dominant source of variability at each 
bias condition.

– Can be further extended to Id or any other property, using 
Leti-UTSOI compact model.
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Calibrated Leti-UTSOI
Long-wide NFET
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) • Good fit of the

measurements obtained
with Leti-UTSOI at different
Vb values.

• Used to calculate the
sensitivities.

Pradeep, K., Poiroux, T., Scheer, P., Juge, A., Gouget, G., & Ghibaudo, G. (2018). Analysis and modeling of wafer-level process variability in 28 nm FD-
SOI using split C-V measurements. Solid-State Electronics, 145(March), 19–28. 
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Percentage contribution of TSi

• The change in the sign 

of sensitivity around 

the threshold voltage.

– Responsible to make 
the contribution go to 
zero at this bias.

Leti-UTSOI results
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