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Challenge

* Non-conventional 1/0O design using high voltage devices in low voltage applications leads to
significant R, variation across PVT

« It affects the accuracy of the IBIS V-T data in capturing the true switching behavior of the design

« Selecting a single Ry, 10 accurately capture the switching behavior is challenging

Voltage (V)

H typ —+—
n

[
NI /AN W —F N

5= 2000 ~ Rongp 54000 |

on,bes e ONLTYL

Voltage (V)
Voltage (V)

=700 |

on,worst

i i i i i i i
0 5 10 15 20 25 3 0 5 10 15 20 25 30 35 40 45 50
[Rising Waveform] (nanoseconds) [Rising Waveform] (nanoseconds)

1
0 5 10 15 20 25
[Rising Waveform] (nanoseconds)




Conventional buffer V-T data extraction

 V-T data captures the non-linearity of device
(based on buffer type 2/4 V-T table is required)
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* A typical load condition is applied that the b I

buffer will encounter in actual use
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Pull-up reference V/T measurement setup
« Transient simulation is performed to capture

the complete dynamic behavior of the buffer

VIN y v
‘ ! Vee Vee
Vos Vor
+ | » Ruoso w u
 Asingle model developed using typical Ry, e IS Il (il 50 o) t t
t

sufficient for all PVT (typ, min, max)

Pull-down reference V/T measurement setup
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Implemented V-T extraction approach
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« Non-conventional 1/0O designs exhibit significant
R, variation with process (best, worst, typ) L

« Capturing accurate transient characteristics l—i
using typical Rq, . IS Not feasible

Implemented Pull-up reference V/T
measurement setup

« Three separate models are required, each
based on different R, '-'"1 m W
It enhances the captured swing - +”°‘
 Captures accurately the non-linear waveform Va”ab'e
shapes with Ron variation !

Implemented Pull-down reference V/T
measurement setup
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Modification Iin IBIS table
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Best process V-T table Typ process V-T table Worst process V-T table
(RfixtureZZOOQ) (Rfixture :4000) (Rfixture :7000)

« To prevent confusion during model usage, the V-, V-T table are modified in accordance with the process
« Column containing typ, min, max data is adjusted based on the process for which the model is developed

« Each column contains data extracted for Ron specific to a particular process
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IBIS vs SPICE matching results

Accurate Max Transition

Inaccurate Min Transitior

Implemented approach best process model matching
(Rfixture = ZOOQ)

Conventional approach model matching
(Rfixture — ZOOQ)

/ I Accurate Min transition
[ .
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Implemented approach worst process model matching
(Rfixture = 7000)

Implemented approach typ process model matching
(Rfixture = 4000)




Non-conventional 10
design Is becoming the
new normal.

HV devices in LV application

IBIS modeling of such
non-conventional
designs requires a non-
standard approach

Ron dependent V-T data
extraction to capture accurate
non-linearity of design across
PVT

Three takeaways

Implemented approach
Improves IBIS vs SPICE
correlation but increases
modeling time

Verify Ron variation before
V-T data extraction

Manual modification of IBIS
V-1, V-T table
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