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Footprints of CMOS Technology Innovation [1]
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RF Circuit Designers’ Nightmare

FOM

Tape Out
Criteria

Si
Performand
I
—]

. ore deeper node

Inaccurate
SPICE model paccurate

yield estimation
Reliability

Others

Packaging, mounting. Etc ..

—

The higher frequency target application is,
the more pain designers feel.
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Why designer claim SPICE model is inaccurate ?

Similar to Uncertainty principle.

Modelers
Model is correct in a sense
it is extracted by real Si at

some moment

Designers
Model is NOT correct in
most cases. Simulation
does not match FT/data.

T TS
Development \V/— — == $ Production

No way to know the typical transistor performance by the snapshot.
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Compact Modeling Society can offer 3 key technologies.

Mass
Production

Fab
Linked
Compact
Model
Model Update
Automation
[
. Physical-based
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Volume Measurement TAT
measurement ET data selection.
Layout of
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fMAX optimization of RF-NMOSFETs o

Reduction of overlap capacitance (CGD)
can make 40nm CMOS widely available

for loT applications.

233GHz SiGe
+48%
214GHz 11?221 L Z;fggz

65nm

167GHz

e

SiGe:C base
b7hf200

Dietmar Kissinger “Millimeter-
Wave Receiver Concepts for
77GHz Automotive Radar in

Silicon-Germanium Technology"
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iIgh Volume measurement
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Issues of high volume millimeter-wave measurement.

— Precise Probe skating [1]
— Precise Wafer alignment

— Hardware Drift
« Mandatory frequent de-embedding

Plot __ DataPro_data__/Device1/thru_spar/s11_Variance

Hz

RF-CMOS Lo
12 inch test
wafer Mean=-9.80dB
> 100 Dies Sigma=0.13dB
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Comparison of de-embedding method.

TRL-Based SOLT

Plot LV_NHS_LO04W04N40/RF_dut/spar_gmmax__ 2/plot_U
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Test structure design for
high volume measurement.
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Design of scribe-type GSG test structure.

Compatibility kept upto 35GHz. Needs improvement.

EMIRF_aut spar_va1p2_EM_WErpiot_1T

Conventional GSG Scribe-line Type GSG
. Signal line
Distance stack/width
f d -—
gy CEEE-S W
I I Signal line rT——
I I .' 100

s.m.11 Histogram Making Point

20*log 10({Histogram Making Point) [E+0)
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Optimized layout has been determined by SOLT de-
embedding with simulated data of SHORT,OPEN and DUT
patterns. ,
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Fab-linked compact model.

- How is the typical model specs ?
- Linking MC model and In-line data.
- How to corporate with factory for high yield.
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Existing modeling technology is good for IOT applications.
MOSFET Resistor Capacitor
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Unpublished
110GHz S-parameter model vs measurement.
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Continuous fight with parasitic incorporation.

Diffusion
resistance I
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Cold measurement helps to extract layout parasitic. [1]

Source and Back-gate grounded Source and Back-gate grounded
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Values depends on the target application.

Good indicator of transistor monitoring.
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How quickly to track Si and feedback to RF-models ?

Model Update

Automation
Physical-iased

Statistical Model
Card

Keywords

(1) Fab-link SPICE models.
(2) Fast model update loop.
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Fab-link model parameters vs In-line data.

S/D Thickness Gate Oxide  Thickness S/D Channel

sheet Epsilon  Real W/L Epsilon sheet Doping
resistance. of BEOL R of gate of BEOL 'resistance NDEP
material
Typical,a Typical,o Typical,o Typical,o = Typical,a Typical,c
\ \ -
|— ‘ \ TOX // / 2 4
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Mapping In-line data to compact model

directly or via process function completes fab-link model.
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How Process function looks like ?

. : Map to
In-line data » Process functions ¥
Compact Model
NDEP Fiie/n(Npep) ™
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Channel € 1o Up R C
. £ statistics
Lljili ° 10 process {
e e s o wewves - vary Ndep  dist=gauss std=XX

percent=yes

)
Establish direct link of li-line data with compact

model.
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Fab-link model vs. measurement at 60GHz. [1]
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Fab-link model vs. measurement at 60GHz correlation. [1]
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Summary and future outlook
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Summary.

Future

Test structure design. GSG-type
change PP use SL-monitor
for CV modeling ] -'El' L] » ... L i ...
High-volume meas. usage of Big Data
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Manual measurement. Not -
enough numbers of datasets.
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Solutions to Support RF circuit production chain.

Mass
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