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Motivation MOSFET modeling

 Development of a tool for evaluation of MOSFET models implemented in the e MOSFET models are available via the IC electrical simulation programs;
existing EDA tools and for extraction of their parameters: e Currently, three simulation tools are available:
v' no need for model implementation; the models have been earlier v’ LTspicelV,
implemented and tested; their implementation is fully consistent with the v’ ngspice
model specification; v' Qucs (not fully implemented yet);
v’ direct acces to the state-of-the art models; a straighforward comparison * Currently, the following MOSFET models are available:
with available MOSFET measurement data; LEVEL=1,2,3, BSIM3v3, EKV2.6, HiSIM2;
* GNU Octave — based: * For the models in use the model card files may be edited in parallel using a text
v’ commonly used environment for engineering calculations; easy exchange editor; they are automatically used in the *.cir files by the .include directive;
of code; * For the selected set of measurement setup specified directly (*.mdm file), or
References: Agilent Model Builder Program (MBP), Agilent Model Quality indirectly (*.res file) *.cir files are created depending on the selected program-
Assurance (MQA), Hong-Kong Uni. http://i-mos.org/imos/ project; model pairs; different devices and their different characteristics may be taken

into account in a "single" Octave program run;
* A dedicated data structure is created to store information about the set of *.cir
files, types of |-V characteristics, simulation sequence;

* Simulation programs are invoked in sequence;
HEE e The simulation results may be compared with the corresponding measurement

Program structure
e Menu driven; Octave menu() function has been used

Select:
) Select measurement data files . . . k ] ]
[ilexde data; model characteristics are extracted from the *.raw files in accordance
[ 3] Plot histo. of meas. data Show:|ELECT file (* res) ~| Favorites v | &
£ 9] Bvaluate sensitiviti ith th ified t set d ch teristi
[ 8] Evaluate sensitiwities cs11 1 Yrnres ﬂ Tester Struhtur Probm WI e SpECI Ie measu remen Se Up an C araC erIS ICS-
[ 6] Extract parameters cs11 2 el res 0E-05-04 14-20
[ 7] Plot data T a4 ~H
cs11_ 2 ellres Prodekt I0S - 7SS0
pick a nuwber, any number: 2 > cs11_ 2 e12.res P:ziia o
T—TTU0D) WB=0; wariables: 1. VE{vD3, 2. IG{VDY, 3. ID{WD), 4. VE(WD), 5. IB(WD) | || 'spofrzsdne = ' * % * Measured ! ! ! ! 0.005 | | , ,
2. I{VD) WE=-1; wariables: 1. Va{vD;, 2. IG{VD), 3. ID{WD), 4. WBQWD), 5. IBQCVDIY (o511 2 21 O b res bperator @ ite’H " : ' : : * % * Measured : : :
3. I{VD) WB=-2; wariables: 1. vG(vD), 2. IG(vDY, 3. IDOWDY, 4. VE(VD), 5. IBQVD) —- B2l 0.0 s=s=s=s=ssssssssssses LTspicelV-LEV3: LTspicelV-LEV3
4. I(VD) WB=-3; wariables: 1. wa{vD}, 2. IG(VD), 3. ID{VD), 4. vB{WD), 5. IB(wD)f [CS11_2_e22_50x3res M —— LTspicelV-EKV26 : : : ; spigelV-
5. I(WD) WB=-4; wariables: 1. VG(WD), 2. IG(WD), 3. ID{WD), 4. VB(WD), 5. IBQVD)Y |cs11_2_e23_g.res H=0, V=00 0.00025 [~ e By T P S N < 1 — LTspicelV-EKV26 : :
ag. I(WD) WB=-5; wariables: 1. Via{vD), 2. IG(WD), 3. IDOWVDD), 4. VBOWD), 5. IB(WVD) cs11 2 @23 b res Setup: I(VG) S0XE0-M g;p ; : : : 0.004 - ngspice-BSIM3v3 - - - e e e
7. T(MG) wD=0.1; wariables: 1. IG(VG), 2. WD(VG), 3. ID(WG), 4. VEB(WG), 5. IB(VG e VE - ' ' 5 : :
g. I(VG) WD=0.5; wariables: 1. IG{vE), 2. VDOVG), 3. IDCWG), 4. WBOWG), 5. IBQwa) [C311_2 e24 3lx3res o -5 -1 : : ; : : -
9. T(VG) wD=1.0; wariahles: 1. IG{vG), 2. WvD(vG), 3. IDCWGY, 4. VEB(WG), 5. IBCVGE[ |cs11 2 vinres | 0 -5 0.8 0.0002 b=+ reneeeeid e e, ] e
Y e hl | I -5 -0.6 ' : : : : : . :
no.of instances: 31 : : :
v Presview 0.003 [~ SN~ = 2 T
Select: | | | [ [ I e e ; : : : "
: : . 0.00015 : : :
[ 1] Exit Fllename:|d.fDan|EUMeas data/2005 cs-11/cs11_2 221 _g.res . ; : :
2] I t . dat = : :
e N, T [ | | | ; Sy e g = £ & e — e
[ 4] simulate T | TS RITITIIS SRS ; ; : g | ; :
[ 5] Evaluate sensitiwities : : - _ : : : :
[ 6] Extract parameters : : - : :
[ 7] Plot data : : _ ; : ‘ ; g :
: : ) : 5 0.001 = J /M P o fe s Prossseee e .
pick a number, any number: 2 5e-005 [~ o L 4 Wi | = B 5 : 4, } ; 5 :
i | | Select measurement data files ; : “ ‘ ; : ;
. ? 4 » _ : : : : : ;
_ Show: [IC-CAF file (* marm) ~] Favorites v | & 4 B A : f : L S S 5 :
“ ) Octavel.6.4_pcc4.6.2 - : ‘ :
=1 [ | FERSION = &.00°M : : : : : : : : :
Select: IMEC_T25 ¥0_y2_5p4_devas Wi.04L L0 .14 e Kl 56-005 ' ' ' ' ' o001 i | i i
T et IMEC_T25 x0_y2 spd dev33 W0.040 L0.14| || recas zuparec a 0 1 VG 3 4 5 ot 1 2 3 4 5
E 2% Import meas. data IMEC_T25_x0_y2_sp4_dev33_W0.04u_L0.14 wd v D cRo VD
[ 3] Plot histo. of meas. data IMEC_T25 %0 v2 spd_dev33 Wo.04u_L0.14 vy V G CGRO
[;‘] Eimﬁﬂaﬁe S IMEC._T25 %0 v2_spd_dev34 Wo 0450 L0 1. iy & oo
E E% E:":rggtepiﬁﬁét;ﬁ; 185 IMEC_T25 x0 w2 spd_dev3d wW0.045u L0O.1. " = e IMEC_T25 x5 y3 sp1_dev8 WO0.055u_L0.35u_N_EM94 idvg.mdm IMEC_T25_x5_y3 spi1_dev8 WO0.055u_L0.35u_N_EM94_idvd.mdm
[ 7] Plot data IMEC_T25 x0_y2_ spd_dev34 W0 045u_LO1 wsuz v WsUzZ 5e-005 | | | 5e-005 | l | |
ICCAP_OUTPUTS M Measured: : : * % * Measured ; : :
Sick a number, any number: 2 S IMEC_T25_x0_y2_spd_dev3d_W0.045u_L0.1 o S e L TeocelV-LEV2 L TentoolV-LEV2 : : :
‘ IMEC _T25 0 w2 spd_dev3s_wwo.05u_L0.14 iq I o cmo P 5 : : pIC 5 e AR L L RS
IC-CAP outputsg IMEC _T25 x0 w2 spd dev3s wWio.05u L0114 is I =5 GEO § § : 46005 |—--nereeeeenen SUUUUTRUTRURRO P S A R SRR i
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ICCAP VALUES"IM . . . . * .
select: : : : - : * :
IV Preview E : E * : * ; : :
[ 1] Exit : : : {* 3E-005 [ b e e e R A o
: : : * : * * : :
= %TE?::EQES_S'D?&E% data Filename:|x0_y2 sp4_dev33 W0.04u_L0.14u_N_EMSZ_idvd.mdm 80-005 -+ e SO AT S 4 ** e * -
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[ 6] Extract parameters a : : : h* Q 2e.005 *'*’# """"""""""" R e 1
[ 7] Plot data 5 § 5 ﬁ** Pal L wnens : ,
pick a number, any number: _ - DE-00G [+ R :***f* :
1 | | 3 10:005 [+ oy B A T ]
¥ * ' :
. . A i
Data import/postprocessing A
e Octave uigetfile() function is used for data file selection; i ecssemssssmesselssmsaes | | ; |
-1 -0.5 0 0.5 1 0 0.2 0.4 0.6 0.8 1
. \Y
e Currently, three ASCII data formats are accepted: G Vo
* . o L ] L ] L ] L ] L] L ]
v' * mdm - files generated bv IC-CAP Example: the simple MOSFET model is inadequate for FinFET characteristics
)

v’ * res - files generated by proprietary ELECT measurement system,
v’ * kdf - files generated by 4200-SCS measurement system; ready (used for
data transformation), but not fully implemented yet;

* Import procedure generates a hierarchical data structure in the program
space, allowing for flexible data manipulation/transformation;

* In the case of *.res files additionally a d.base of available test structures and
their modules is established, where a device topography is stored;

 The input data visualization: plots, and histograms;

e Characteristics variability observation; useful for statistical modeling;

 Data for devices of different topologies may be imported in one run; useful
for scaling effect analysis;
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Current/future work

* Full Implementation of *.kdf files import (in progress);

* Implementation of |-V characteristics differentiation (in progress);

* Implementtaion of numerical index of the model and experimental data misfit;

* Implementation of extraction procedures based on local fitting sequences for
the given models;

* Full implementation of Qucs/QucsStudio (in progress);

* Nonlinear optimization, evolutionary algorithms ?
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