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I. Introduction

The trend of compact model development for bulk CMOS 
leads to models based on surface potential, allowing higher 
accuracy in comparison to the threshold voltage based models 
[1, 2]. The main reason for high accuracy is that the surface 
potential model is suitable for the description of device 
physics than Vth and inversion charged model. High speed 
simulation run-time and good convergence are required to 
next generation compact model because the transistor number 
for circuits has been increasing with progress of technology 
node.  Additionally, quick way to extract parameter is also 
required because the many kinds of MOSFETs with multi 
Vth and multi supply voltage are needed for circuit design.  
In this paper, benchmark results about digital, analog circuits 
and parameter extraction are shown.   

II New concept of next generation compact model 
Table I shows types of MOSFET compact model. In Vth 

based model such as BSIM3 and 4, drift and diffusion current 
model are connected around Vth by using smoothing function.  
This model is sufficient for digital circuit design because 
standby current and drivability is mainly important to 
simulate operation speed and power consumption.  However, 
the accuracy around Vth is not sufficient for analog and RF 
design because high order derivatives characteristics are 
important for the design.  In new model, those are 
considered in all operation regions.  The newest concept is 
surface potential model such as PSP and HiSIM.  HiSIM 
solves the surface potential s with the iteration procedure, 
while PSP calculate s with simplified analytical equation [3].  
The any computer run-time penalty by iteration can be 
neglected because the number is small because an initial 
value before iterative calculation is high accuracy as shown in 
fig1.   

III Benchmark results 
Fig.2 shows procedure for parameter extraction in BSIM4, 

PSP and HiSIM.  In both BSIM4 and HiSIM, one parameter 
set is extracted in order to fit with all measurement data.  On 
the other hand, 2 steps extraction has been needed in PSP 
model.  The parameter for global model is extracted based 
on many local model parameter sets extracted from each 
geometry MOSFET data.  This procedure is more complex 
than BSIM4 and HiSIM case.  Fig.3 shows gummel 
symmetry test for Ids up to 3rd derivative in 90nm technology 
CMOS for PSP and HiSIM.  Simulation and measurement 
results are plotted.  In this test, Vx and –Vx was applied to 
drain and source, respectively.  The source-drain symmetry 
of MOSFETs is important when the operating point of 
MOSFETs swing passes through Vds = 0V [4].  In both 
models, the simulation results were good agreement with 
measurement results.  Additionally, IM3 was simulated by 
test circuit as shown in fig.4 in order to evaluate symmetry 
effect when Vds = 0V.  In this circuit, power (Pin) of from 

-10 to 0dBm with 3.5 and 4.5 MHz were inputted to source 
and drain concurrently.  The amplitude of output signal with 
3.5 and 4.5MHz at drain is no distortion signal Po and that 
with 2.5 or 5.5MHz is IM3 signal.  The slope in Po-Pin was 
1 in all models, which is in perfect agreement with the theory. 
However the slope of IM3-Pin in BSIM4 was 2, which is in 
large disagreement.  On the other hand, that was 2.7 in PSP 
and that was 3 in HiSIM, which is perfect agreement with the 
theory as shown in fig.5.   

Fig.6 shows the evaluation results of 1/f noise model for 
BSIM4 and HiSIM.  That for PSP model has not been 
evaluated yet.  Used devices were 180nm technology 
NMOS.  1/f noise fitting were good in both models for 
NMOS with Lg of from 1 m to 0.2 m because the model has 
scalability as well as model for I-V characteristics.  HiSIM 
model is more suitable than BSIM model for analog circuit 
design according to good symmetrical test, IM3 and 1/f noise 
results.  

Fig.7 shows configuration of our high-density SRAM 
(HD-SRAM) cell for evaluation of simulation run-time and 
convergence.  The number of nodes and elements in the 
circuit are 11,973 and 24,145, respectively.  Three kinds of 
EDA vendor tools were used to simulate HD-SRAM.  
Simulated signal wave were same in all EDA vendor tools as 
shown in fig.7.  Table II shows the run-time comparison, 
which is normalized by BSIM4 case.  The results depend on 
the tool but it is clear that the run-time of PSP is the slowest 
among three compact models while BSIM4 is the fastest.  
The run-time of HiSIM is comparable with BSIM4 in an 
EDA tool.  In any other test circuits such as comparator and 
operation Amp, no convergences of PSP were observed.  At 
this stage, BSIM4 is the most suitable model for digital 
circuit design according to simulation run-time and 
convergence results.  HiSIM has potential to catch up 
simulation run-time of BSIM4 model in near future.  Table 
III shows the summary of our benchmark results.  HiSIM 
will be useful for not only analog but also digital circuits 
design with improving of simulation run-time.   

IV Conclusions 
HiSIM model is more suitable than BSIM model for analog 

circuit design according to good symmetrical test, IM3 and 
1/f noise results.  PSP has the slower run-time and worse 
convergence problem.  HiSIM will be useful for not only 
analog but also digital circuits design with improving of 
simulation run-time. 
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Table III Summary of benchmark among BSIM4, PSP and HiSIM

Fig.3 Gummel symmetry test for Ids up to the 3rd derivative

for PSP and HiSIM. Comparison of simulation and measurements.  Lg and 

Wg of the nMOSFET are 10 m and 10 m, respectively
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Fig.5  Pout and IM3 results for BSIM4, PSP and HiSIM.  Slope in Pout is 1 in all 

models. In HiSIM model, the slope of IM3 is 3 which is perfect agreement with the 

theory.
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Fig.7 Circuit configuration of SRAM cell and simulation signal results. The 

number of nodes and elements are 11,973 and 24,145, respectively

Table II Simulation speed comparison results 

in 3 kinds of EDA vendor tools. Those are  normalized by 

speed of BSIM4 model.
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Table I Types of MOSFET model

Vx (V)
I d

(A
)

d
(I

d
)/

d
(V

d
)(

A
/V

)
d

3
(I

d
)/

d
(V

d
)3

(A
/V

)

d
2
(I

d
)/

d
(V

d
)2

(A
/V

)

HiSIM

PSP

Meas.

HiSIM

PSP

Meas.

HiSIM

PSP

Meas.

Meas. HiSIM

PSP

Vx (V)

S D

0.5V
Vx-Vx

BSIM4

HiSIM

PSP

O
u

tp
u

t

Time(s)

1.421.071.59HiSIM2.3

1.751.412.45PSP102

1.001.001.00BSIM4

CBA

Fig.6 Comparison results of 1/f noise in BSIM4 and HiSIM.

Used device are 180nm technology NMOS.  Vd and Vg is 

1.2V and Vth+0.6V, respectively.

Lg/Wg=1 m/1 m

HiSIM

BSIM4

Meas.

Lg/Wg=0.2 m/1 m

HiSIM

BSIM4

Meas.

Fig.1 Iteration number 

for s calculation in HiSIM

S
id

(A
2
/H

z)

Vg(V)

It
er

at
io

n
 n

u
m

b
er

Low accuracy 

initial value

High accuracy 

initial value

- : Not evaluation

-79-



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




