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QBLBSPY ULGNIPEULESD UPLUNUUUR

Upwguplnud b bowswih thwljuing wipwiqhunnpltpny(60S) tuugdqud pru-
bt ufubtwiibph qhkuhy wignphpulkph oguwgnpstup wwpunpulwl ouwnhdug:
Jwtt Whpnm, npp Yhpwotih b hlsubu hudwlgulut, bk b hugnphulul ufutafuitibph
nhypnud: Uyt poy) £ ufky dnwn 10 whquad wpugught) wwpudbnpulub ougunffupugnup:
Vuhugdiby E pduyhl winwbgupn peholtph qpmr}mpmh‘ Yuquius 25 whuwlh nwppk-
nhg, npnug wwpwdbnpbph shnmublipp Unwn 10%-ng wikih phs kb wpwhg Ukpnngh Yh-
puntundlp winugyud wjubkphg: Ukpngp Qupkih E jhpunt; GOS8 hudwlwpgbpnud -
huwgddud pyuyghll upbdwbtph dudwbwuluhtt wwpudbnplph oupnhdwpugdwt gnpdph-
pugnud:

Unwhgpuyhlh punkp. qtubnhy wignphpd, wwpudbnpuub  oupunhdwpugnud,
tujunuiljughte pniiyghw, tdbpymghnt wignpppd, pluyhtt upbdwibp, bpwsuth hiuljuiikph
uktninghw:

Lbkpwbdmpnil: Ukpluynulu pduyhb hinbkgpuy ubdwikpp (PU) wwupne-
bulmu kb pinhmuy dhish dhihwpnudnp wpwbiqhuinnpibp b bufuowgdynud Bi wy-
wnnuun bnubmlnyg: Uy nhuypnd oguinugnpdynud G pughtt unwinupun pehe-
uhiph yuwwnpwunh gpunupubtbp [1], npnig wupnibwlniput dke dnbnud i
pUuayghtt muppbph dwdwiwluht dnghiikpp [2]: Uhbs wyg dngbjabpp unbndkp
wihpuwdhson E junwupt) wnwbdht peheutiph uppbdwnbthjulut twhwgdnud
b oyyunhulwjugnid: Owynhlwjugdwt hwdwp swjudnid b puduljutht ks dw-
dwtwly, npp Eupwunpoud B, np wyy thnyh wfunndwnwgnudp judugbgih pbghu-
tmp hwpwgdiwh nhnnmipnibp: Swn hwdwu iwt nhuwlh wjnndunugdub
Jutinhpubpp tEplugugynud b pnusynud B tdnpnighnt wignphpdibpny (EU):

Zuqntih k£ [3], np gkubwnhl wignphpdutpp (3U) oquumgnpdynid kL npnbn-
quijub b oypinhdwjugdwl finhpbbph jmsdwt pipwgpnul: Utdwbtph wwpw-
dbuipulwt oyuhdwjugdwl phpwgpnud wyy jubnhpp phpynud © wwpudbnpkph
ujbiyhuh wpdbplbph npniniwbp, npnbg nhypmd wdjuy uutdwh juownh wnkh-
thjuluh wrwpwnpupnid vwhdwinjws swihwihsutpht hudwyuwunwupwis

Rubh np trwyuth uljumbbbkpny inpuwbqhunnpibph (6OS) dheongny twhuw-
goJwd pughb uubdwibpnud oupinpuwpugdut nhypnid hhdbwljwbnud Jepgdnud
kb bowgwith thwlmbbbph (B®) pwbwlikpp npybe dnnpught wwpudtang (. 1),
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npb wyy nkbininghwynid phonimd & nhuyptwn wpdbpllp, niunh qu htiwpun-
pripjnil £ wnwihu EU-bph Ghpwndundp Juwnunty Uks pubwlh thwlwbitp ww-
pribwlnn hwdwlgulwh @ hwonpyulumi uputfwbiEph wuwpuilbnpuluh oywnh-

Uwjugnud:

u:mmup..%,e' :

Ul 1. 6DPS-p nkupp

Owunhlwjmglwi npny habighpttp hubgmd b wuqugnyyh npudupuiw-
Yutt thuljubtitph pubwljh npnidwhip (4], nph nypmd htwpwynp k ppujubiug-
Ul wpdwd dnililyghnbwmipmibp: Upy ubuwlh htighpp Gupkh b sty Luyb-
Uwlpmuynt ;5] tnubwlng, uwljugi hwpjmp hwqupuynp thwlubbbph nhypnud
tyunwlwhwpdwp b oquugnpsly EU-Ukpp: dhpphtibibphu Yhpwedwdp Jupkih
unugdwsd upubdwnud junwply wwppbiph hapiwphtnod b hulnuegub winjniuwl-
ukph hudbdwndwi dhongni] quilik] ijuqugniyh pubwlh thwljwhbtpp [6,7):

[8]-nutf ubpluugyws Ukpngh oquiugapduundp, kpp npuytiu buywnwlughb
$niiyghw Jbpgdws b nwpusiwi huyundwh b dwlkptup wpunwunpup, htw-
pwitnp E junwpl) hwdwlguljub ufubidwibph Wwpudbnpwiw owunhuurugnul:
Uwfjuyt wyu nhwpnud hupdh wnbijud sk wénn b wjwgnn fwljuwnbkph whngn-
paLhkpp:

Uwltpkuh b uwuning hqnpmpput thnppugiwi hwdwp Jupkh k thnp-
pugtily npwiqhunnpbbph pwialbbpp [9): [10,11]-nud hunfwlguljub upabdwh Ghp-
Yuyugynid t npytu ppndnundp hwgnpnuljwt Yupgkp, nph Jpw & Yhpwnynid L
GU-p: Uju dbpnnn bpynmuwljub hwidwlwupgh thnpwpki oguuwgnpdynid £ wnw-
uwlwip, npp hwpugnpmpnih k nughu Ypéunk] oyt ugdwi nlnnnipeiniip:
[12]-mu tbpluyugdws k [10,11]-h pupljwydwl vhengn] wnpwighunnpbbph pu-
twlh b ufubtlwgh dwljbpbuh bjwqbgumh Ubpnnp:
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Unwownlynid £ bwyunwlught $nihghwt tbpluyugity dniihghugh pb-
pughl U nkubhjuluh wrugwnpuipny wpws wpdtpttph nwppbpnipjut nko-
pny: Uy tywunwlyng $niighugh phpwghly wpdtpp thpjujugius t htnbjug
nkupny

Y=Fi(nfinonfin,... .nfin) (1)

npubin ti=(tntn i, bl tewp thold), &0 Ut bipught wlwwnh wédwl b tduquub
dudwbwhttipt Lb, pr-p b -t gudphg pupdp b pupdphg gudp unwpudtwib
hwwwnnudbbpp , tewyp thuld-]}‘ nbquljuydwh b wuhyguinub dudwbwlukpn,
nfini-t’ k-pn wpwbqhunnph G@-ukph pubwlp:

nfinonfin,....nfin-t hpwbuyng nfingeny (1) wpauohwgnmpmnin Ypinndh
htwnbju whupp'

Y=Fu(nfinii): (2)

Lywwnwlught $mblyghu: Miubwng dayghwh (2) wkupp, huyybu twb
ntjuthjulub wrwewnpuiipny npfws wpdtpp

Y=F(ti), 3

npp gnug £ nwhu dudwhwljught ywpwdbnph gubluh wpdbphbpp, Yupth £
(3)-h b (2)-h mwppbpmpudp twhdwbly byuwnwlught $ncbljghwi hnbyjuy nku-
py

dmin <= F(ti)-Ef(DﬁHLk} <= dmax, (4]

npunkn amin-p b amax-p eoyjunpbh ugqugnyi b wnwgbugnyb sknnuditpb G
Lyywnwluiht $nibljghwt bhpupugunul | (4) wpnwhwjnnipnibp: M-
hwbpynud  guntity wyt nfinl k-u, nph nhypmaud Fri(nfinl k)-h stmmup F(ti)-hg hth
pryunnthh vwhdwbnud:
Uwhidwhwthwlmdibph &a

nfinmin<=nfint<=nfinma s (5 )
nfines-nfine = nfin, (6)

npwnkn nfinmic-p U nfinmae-p GEO-bhph tjuqugnyi b wpwbjugny i pmbwljukph
i, hul nfinep’ poygjunphih Wwqugnyb pugp:

Uygnphpuh tjwpugpmpmibp: Moynyughwt bbipluyuginud £ ponp tipub-
qhuinnpltph BO-tkph pwbwlibph hbwpunnp wpdbptbph Jupguynpoyenibiibph
puqunipinilip, npp fupkh Ewnwg nfinl,k inkupny: Lpnunundp uyn jupgquynpnip-
mibitkphg nplik Ukl b, gblip” wijwy wpwiqhwanph 6O-ukph pubwlp:
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qlghm pmbym o1 mup dniu prudyympnnfn gmhgbmnjmy hudqp-gpq dnuuamddyh
{13 du 9 premdy Bdumundu ‘pudhyl Jdynpunupudd dqddmon duiygnuufehulunn
Jdygumhmy tubmhy n lupm «([33d pah kuambmd» nq gmpidyd pu-1 -l

ddqgmpgn/n ffidynéysd «u-pmb-pg» age 7 b

Upeldublm gmhhdmémum 3 Inhamdyh mdh Byudu “Udgnmpqnn Jdyndysd
«<u-pmi-hg> 1 «<hq» 9y gmhiyhum pu-z ho, dqydqefidm gmhSming
‘huBudp byl nmpduhmdbmdg [g1] woyiAq 3 IqhBmymbmuy dnelddublpn
‘Ingul 3 dmnynm pradynnmpim Jdggniahmihmnmpymn
gmhén ddifimn] Tmfhw < puuhmngmey 9y muhumbn dinnpunupudd nelq -g
mpumhn ddygpunupudd dulud mham pufmdbmiuhuh pmh ‘myqniu flign
U-(¢) wénn ‘hmygmpmp nmdnim gy muhnhdh Ddglimd g Wy g -,
iy Ypunupudd gmhBmuinn prulimd Ud-4 prudgnmimn] 3 pruhdmon
-mb ‘punupudd m hgp § pruhBdgh mhim Su gely ddnmumn[¢m 3 puhBydminnl
T g qugn ngyédnh gelq dguldhunimymindm () 3 pwhbrung 9
mmdBnwg (z) 3 muhhdmhmy g
‘hudgpdm
Jlndinmliwel lfm hap 3 prohgddmefuth Thmnmd Jdn-pq Juunngbymdin -JimyBmwm
-1up 3 prupdmelgy donb Imlhn g ‘adqtmy dagb yndu g puhbinh ha-qgy, ¥
‘hudynemle pupunupudd tdudhty gy ph
-nfdmnfuth ddyngb buhgub dm Bdu Undnl Jugb mdl 3 pwhBdnh hu-qgy, dmp
-my Ypunupudd qyémay) prudynmimn] Jdgqnunupudd § puhdmnmg, ¢
Unnnunupn
-udd 1uhdy ng prehbdah (qgy) huhmymly gmidwadngd nmhmymmnmy, ‘g
mmbmihulbub 3 prohludy -1
“dnmiehuymimindudmy (dylimd Tmiqnny 3 nuhbmymhmdy n-ng




pupdp wpymbufbumpmt YUOY-nh hudbdunn [14] b dnn 10 %-ny phy nwp-
phpnipinit 5OS hwiwljupghpnud . wnwhg ug Uhpngh bwhwgduwb hwdbdwn:

Umyniuwly 1
Uik b byjmquwl cwljunnbbph inhngnipinibbhlpp
Utipnilin tr tf Unwhg Ukpnnh o Unwhg Utipnnh of
1 3.238e-11 1.931e-11 = -
2 2.158e-11 1.682e-11 - =
10 2.171e-1] 1.995e-11 2.215e-11 2.017e-11

. 3-nud Ynph intupm] upunlspyws b (4) wpnwhuyunppiinad thplujug-
Jud pniuljghugh wipdbipp npuwpwbsynp hubkpughugh dudwiwl: Znphgnuwljut
b nmupnqudhg wnwigpbbpp gnuyg kb wwhu ubpmbnblph pwbwlhbkpp b
F(ti)-Fti(nfin1,k) wpnwhwpnmpjut wpdbpubpp:

a4

Pe-103

Firii-F fufin, .}

Ubnpadhghibp
Ul 3. Mnymypughuyh bfnynighwi

Uygnphpuh dhongny fuwwpdb) £ 25 whuulh npudwpuiulub pohotitph
yuwpwdbnpulwh oyunhlwjugnulp (wn. 2):
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Unginiuwl 2

Owwpiuwgius pluyhl pohobibpn

Pooh wmlidwbinudp | Lwpugpmpinibp

INV_* Tpghy

AND = Gpljuninputih «ls

AN3L* Bnwidninp «»

ND2 #* EpljUninpuitih «i-ng»
MUX2 * 2-1 dnipinhwyjipunp
ADDF_* Uudpnnowlub gnudwphy

FDP * Sphakp
FDP4_* Puquuphpwih wphgkp

DEF # Suljuinn] nuljnun]npnn

. wphqbp

Eqpuljugnipini b: EU-ubph quuht wwnljwbng QU tUhongm] dpwmlyty k&
Ubpnn, npp poyy| B uwihu junwpl) plught uvnwbnupen poholph wwpwutn-
pufwmb owunhuwjmgnud: Ujl, h tnupplpmpinit gnjnipymi niikgnnibph, hiupw-
ynpoipinih b pbidbknk) ghunaplm hbswybu hunfwlguljul, uybybu b hwenppu-
Yul upubdwibp: Uygnphpdp hpwubwgyt k Python spwgpuynpuwi Eqyh hen-
gny, npn: U bnuwd qpunupwibkpp htwpwnpmpmb kb k| nhinwnplbine Uk
swjwih wnwnijjughwibp:

Zlunwqmnnipini bl ppuwlqmimgly b 22 YU ghumpput yhunwld hnulp-
wnkh npafmppus phluubuwnpdudy ' 18T-2B029 dwédlpugpny ghunwlwlh pluugh
spowlnuflbpnid:

ArUYULNRE3UL 8ULY
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Zwmjumunwbh wqquyhtt ynihukbhjulwt hwdwojpuopub: Uympp bbpupugdlb B
hulpugpnipynit 08.10.2019:

M.K. MAPTHPOCHAH

IMMAPAMETPHYECKASA OUTUMM3ALNSA HHUDOPOBLIX
CTAHIJAPTHBIX AYEEK C IPUMEHEHUEM 'rEHETUYECKOI'O
AJITOPUTMA

TNpeanaraeTcs METOA TapaMeTpHYEcKol OoNTHMU3aUIH HQPORLIX cxeM, pa3pabo-
TAHHBIX 10 TEXHOJOTMH TPEXMEPHLIX TPAH3HCTOPOB, ¢ HCIMONB30BAHHEM I'€HETUYECKOIO
aJIropuTMa, NPHMEHAEMOT0 B Clydae KOMGHHALIMOHHBIX 1 NOCTENOBATE bHBIX CXeM. AINOpHTM
[103BOJISIET YIYULIMTL MapaMeTpHuecKyo ontuMmuzauno npumepto B 10 pas. Ludposas
cTaugapTHas OUDINOTEKA AYeeK, KOTOpas COCTONT W3 25 THIIOR s4eekK, Oblna paszpadoTaHa ¢
OTKTOHEHHEM MapaMeTpoB MpUMepHo Ha 10% MeHbITe 1Mo CPABHEHWH) ¢ TaHHBIMH, TIOTyYeH-
HBIMH 0€3 MCITONB30BaHNAA MeToda. MeToJ MOKET GBITH HCMONB30BAH [PH ONTHMU3ALIHI
BPEMEHHBIX MTAPAMETPOB B CHCTEME TPEXMEPHLIX TPaH3ICTOPOB.

Karouegnie ciosa: reHeTHIECKII alTOPHTM, flapamMeTpHiIecKas oNnTAMH3AIN, Here-
Basi (DYHKLHS, SROIFOUUOHHBIT al1ropuT™, WH(PPOBLIe CXeMbi, TEXHOIOTHA TPAHIUCTOPOB C
TPEXMEPHBIM 3aTBOPOM.
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M.K. MARTIROSYAN

PARAMETRIC OPTIMIZATION OF DIGITAL STANDARD CELLS BY
APPLYING A GENETIC ALGORITHM

A method of parameiric optimization of digital circuits designed by the FinFET
technology by using a genetic algorithm applied in case of combinational and sequential
circuits is proposed. The algorithm allows to improve the parametric optimization by
approximately 10 times. The digital standard cell library, consisting of 25 types of cells has
been designed with deviation of parameters by approximately 10% less as compared with
the data received without using the method. The method can be used at optimizing the
timing parameters in the FInFET system.

Keywords: genetic algorithm, parametric optimization, objective function, evolutionary
algorithm, digital circuits, FInFET technology .
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Abstract— A new method has been developed to obtain precise
spice models of transistors that can be used in any type of research
and training projects. The transistor’s input and output
characteristics have been received that have been compared with
the characteristics of the foundry models. Also, Monte Carlo SPICE
models were developed for all types of transistors, that are used
during AOCV and POC1 model's development processes.

Keywords— spice model, nanoscale transistor, aocv, pocy,
montecarlo model, objective function

1. INTRODUCTION

Different types of discrete elements (eg, capacitance,
resistance, transistor, etc.) are used when designing a board
and interconnections are made between them. As a result, a
circuit is made of different elements, after which this circuit is
checked. If the circuit operates in line with the pre-set
requirements, the work is over; otherwise individual com-
ponents are replaced until the circuit behaves as designed and
actually meets the specifications. However, such work cannot
be done in projects based on integrated circuits (IC), the
reason being the small size of the elements and the
simultaneous production. In other words, any postproduction
changes in the IC are impossible to make. The solution of the
problem is to create virtual environment and models operating
in that environment. Examples of such models are SPICE
models that are used by the largest companies specializing in
IC design. Various projects based on these models can be
implemented — from the smallest-scale (e.g. an operational
amplifier) to the largest-scale ones (e.g. i7 processor).
However, these models are confidential and accessible to a
very small number of researchers, who actually work in such
companies. Thus, there arises the necessity to create models
which will be as close as possible to real models and will be
available to anyone who wishes to do research using quite
accurate models of transistors. The basis of this work is the
development of the method that will make creating such
models possible.

II. NANOSCALE TRANSISTORS

The development of ICs has always been accompanied by
the scaling of their elements. However, the scaling has been
performed in a disproportionate manner for various reasons,
that is, the size of the different parts of the IC has been reduced
not with the same coefficients. This has resulted in
deterioration of the parameters of the primary elements of the
ICs, namely, the gates and hence transistors. In particular, in
the case of 28 nm and 22 nm technologies, the basic
parameters of the flat MOS transistors used in the IC have
inadmissibly deteriorated, and further scaling was only
possible using a new type of transistors. That is why new types
of transistors, FInFET [1] (Figure 1), began to be used in the
1Cs made using the 14 nm and smaller-scale technological

978-1-7281-1003-5/19/$31.00 ©2019 IEEE

processes. The principal difference of the latter from the flat
transistors is in that it has a three-dimensional "fin", around

which a three-dimensional channel is formed. Due to this fact,
the main parameters of the transistor, including leakage cur-
rent and inertial properties, are greatly improved.

s, P
S

Fig 1 The view of FInFET transistor

It is due to the above-mentioned properties that the further
development of the nanoscale ICs is closely linked to
FinFETs. According to various estimates, the IC market built
with FinFET will have an annual growth of around 42% up to
2021. That is why the method developed during this work has
been used to obtain FinFET-type transistor models.

[1I. MONTE CARLO MODEL

The Monte Carlo SPICE model is used that relies on
repeated random sampling and statistical analysis to compute
the results. This method of simulation is very closely related
to random experiments, experiments for which the specific
result is not known in advance. In this context, Monte Carlo
simulation can be considered as a methodical way of doing so-
called what-if analysis [2]. Based on that model On-Chip
Variation (OCV) tables are developed.

In Fig. 2 is shown the simple Monte Carlo Mathematical
model, where the model depends on number of input
parameters and these parameters in turn depend on various
external factors. When input parameters process through the
mathematical formulas in the model, they result in one or more
outj uts.

L+ Output
Analysis

Input
Data

Fig.2. Monte Carlo mathematical model

During manufacturing process many variables are
used. Some of these variables are consistent for the whole
process, some of them are consistent across a single wafer and
some vary from wafer to wafer but are consistent across a
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chip. Also, there are variables often observed in a single chip.
This so called on-chip-variation (OCV) may come from mask
alignment, etching process, and optical proximity correction.
Therefore, two instances of the same cell on the same chip
may have different timing characteristics.

Every cell has minimum and maximum delay due to OCV
tables. According to this table static timing analyzer for setup
time check applies minimum delay to clock path and
maximum delay for data path. For hold time check it applies
maximum delay to clock path and minimum delay for data
path. The OCV’s level of precision is low. To improve the
accuracy of design timing analysis, one must apply Advanced
On-Chip Variation (AOCV) or Parametric On-Chip Variation
(POCV) tables.

A. Advanced On-Chip Variation

AOCYV analysis reduces unnecessary pessimism by taking
the design methodology and fabrication process variation into
account. AOCV [3] determines derating factors based on cell
type, metrics of path logic depth and the physical distance
traversed by a particular path. The number of transistors and
connection between them in each logic gate are different,
therefore the variations for each cell are different. A longer
path that has more gates tends to have less total variation
because the random variations from gate to gate tend to
cancel each other out. A path that spans a larger physical
distance across the chip tends to have larger systematic
variations. AOCV is less pessimistic than a traditional OCV
analysis, which relies on constant derating factors that do not
take path-specific metrics into account.

While performing register to register timing analysis,
AOCV methodology finds the bounding box (Fig. 3)
containing the sequential registers, clock buffers between two
sequential registers and all the data cells. Now within a unit
distance, if the path depth increases, the AOCV derate
decreases due to cancelling of random variations. However,
if the distance increases, AOCV derates increases due to
increase in the systematic variations. These variztions are
modeled in form of a Look Up Table (LUT).

Unit

Distance 3 i {
Fig.3. Bounding box creation for AOCV

B. Parametric On-Chip Variation

POCV models the delay of an instance as a function of a
variable that is specific to the instance. That is, the instance
delay is parameterized as a function of the unique delay
variable for the instance. POCV [3] provides the following:
e  Statistical single-parameter derating for random
variations
e Single input format and characterization source for
both AOCV and POCV table data
e Non-statistical timing reports

e Limited statistical reporting (mean, sigma) for
timing paths

[V. DEFINITION OF PROBLEM OF AUTOMATED
DEVELOPMENT OF SPICE MODEL OF TRANSISTOR

Two types of problems have to be solved. Since the
trarsistor model contains several hundreds of parameters, we
can conclude that some of the parameters have a greater
impact on the behavior of the model than the others.
Therefore, the first task is to classify the parameter settings by
priority. After the paramaters are classified. it is necessary to
define the objective function, i.e. to define a function that must
be found during solving the problem. And since the model
parameters cannot take on arbitrary values, restrictions should
also be noted, which must be met to find the objective
function.

A. Parameters classification by priority

First of all, it is necessary to compile a list of parameters
that will be included in the model. Two approaches can be
used in obtaining the list of parameters: first, taking all the
transistor parameters that the spice model can include.
Secondly, use similar models created by Arizona State
University (ASU) [4] or some of the models created for a
different technology by Synopsys Armenia Educational
Department (SAED) [3]. During this work, the latter approach
was used in choosing the list of model parameters.

Let us call the selected parameters a; where i is the natural
number in the range [1, N] and N is equal to the number of
parameters included in the model. Let us take the following
function:

yi=fi(a) (D
where:
j={P.,T1},
P - dynamic and static power,

T - time parameters (rising transition, falling transition and
propogation delay),

I - the current flow through the transistor.

For all values of j, one needed to count all Ay, functions,
where:

Ay= Afi(Aa) = fi(ai- air) (2)
a2 = g+ Aaia (3)

Aa, - minimum permissible values of parameter deviation,
which comes from the model.
Let us set another parameter:

K(a) = [[Afi(a) 4)
K(a;) - deviation value for each parameter.
So, the a, parameter for which the value of (4) will be the

largest is going to be the parameter that has the greatest impact
on the behavior of the model.
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Accordingly, the classification of the parameters by
priority can be determined by the following algorithm:

Algorithm 1.

1. Calculate all (2)s, where j={P,T,l}, and i the natural
number from in the range[1, N].

2. Calculate all (4)s.

3. Summarize the results of (4)s in the associative array
(such an array that has a key and a value, where the
key indicates the model parameter name, and the
value indicates the parameter value).

4. Make sorting according to array values, from big to
small.
5. Take the keys of the sorted array.

The keys of the received array are the names of transistor
parameters, sorted by impact. Thus, the first parameter affects
the model to the largest extent and the last parameter affects
to the smallest extent.

B. Objective Function
The goal is to find the minimum values of (2) for each a;.
AF; =| Fiz-Fj | (5)
where:
i={P,T,I},
F.z - describes the behavior of the foundry model,

F.1 - describes the behavior of the model acquired during this
work.

Thus, it is necessary to get the values of ai parameters
where the value of the F; function would be as close as
possible to the value of the F; function.

C. Constraints

The function (5) takes on minimum value in the case of a
certain value of a; parameter, but at the same time this
parameter cannot take on any value because the model does
not allow it. According to the last statement:

a'Il'I'LIl'I = al S am\ax (6)
a‘I:‘allﬂl“"»n*Aa-l (7)
where:
Aimin - the minimum value of a parameter,
@imax - the maximum value of a parameter,
Aaj, - sets the minimum step of or change in the parameter,

n — natural number.

As a result, the problem can be solved using the following
algorithm:

Algorithm 2.

1. Select a nominal value of the a; parameter (for
example, this value can be taken from the model
created by ASU).

2. Modify the value of the receivad parameter to the
top and bottom, by following the restrictions until
the minimum value of (5) is reached in the given
parameter.

3. Repeat the same for the other parameters.

4. Do the same for as long, or for as many parameters,
until the following takes place:

AF; / F2*100% <= B (8)
where:
B - permissible deviation.

5. According to the last point all the parameters, that
satisfy the condition are selected to be the
parameters of the new model. The parameters that
do not satisfy the condition are not selected, but the
ones which are obligatory for models to have are
assigned default values and used in model
development.

Thus, filling the values of ai parameters in the transistor
model using the Algorithm 2, we will get a model that is very
close to the produced (foundry) model with its parameters.

V.  APPLICATION OF ALGORITHM IN THE PROCESS OF
OLTAINING OF THREE-DIMENSIONAL TRANSISTOR MODELS

Curves describing transistor parameters were constructed.
Then, Algorithm | was used for classifying the parameters by
priority. Different values of P, T, and 1 were taken from
scientific papers [6-8]. Applying the interpolation algorithms
to those values enabled transistor-describing curves to be
obtained (input characteristics, output characteristics, time
dependence on the transistor size, etc.). Then a; nominal
values were taken from the model created by the ASU., after
which Algorithm 2 was used for finding the optimal
dimensions of the transistor parameters. This process lasted
until the B value equaled to 5%, which is considered to be
permissible deviation. Fig. 4 shows how the curves of input
characteristics of the model obtained with the algorithms
approach to the curves of input characteristics of the foundry
model.

Fig. 4. Input characteristic of the model is approaching to foundry
model’s input characteristic

In the figure the green curve describes the foundry model,
and the other colors describe the processed model (the model
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under development), which is approaching the foundry model
due to changes in the pa-rameter values. The same thing has
happened to the rest of the parameters.

It is common knowledge that transistors are exposed to
certain technological deviations in the production process.
These deviations cause transistors to operate faster or slower.
An example of technological discrepancy is the acquisition of
different lengths of the transistor's channel length. If a
transistor's  channel length will be greater than it was
designed, it will work slower; otherwise, it will work faster.
Thus, there is a need to create models that demonstrate the
behavior of transistors in the case of deviating values. In other
words, it is necessary to create models of transistors that will
work quicker and slower. These models were acquired due to
a deviation of the value of the threshold voltage variable.
Thus, FF (fast- fast), SS (slow-slow) and TT (typical- typical)
transistor models were developed.

During development of Monte Carlo models the above-
mentioned method was used to find out the nominal values of
statistical parameters. Afterwards a function called agauss()
was used, to change statistical parameters values according to
that function.

VI.  THE TOOL DEVELOPMENT BASED ON THE ALGORITHM

During this research work a tool was developed with
python programming language, which implements the
algorithms described above, i.e. it automates the steps of
algorithms. The tool takes P, I and T functions as primary
inputs and nominal values of parameters as optional inputs.
If there are no given opticnal inputs, the tool applies default
values to the parameters. As an output it develops the SPICE
models according to the given inputs.

VII. ALGORITHM APPLICATION DURING DEVELOPMENT OF
14NM TRANSISTORS’ SPICE MODELS

The full list of developed models with descriptions are the
following:

¢ 108 — The SPICE model n type transistor.
e p08 - The SPICE model p type transistor.

e 108 _hvt — The SPICE model n type transistor
with high threshold.

e p08 hvt — The SPICE model p type transistor
with high threshold.

e n08_Ivt — The SPICE mode! n type transistor
with low threshold.

e p08 Ivt — The SPICE model p type transistor
with low threshold.

e n08_Ivt — The SPICE model n type transistor
with superlow threshold.

e p08 Ivt — The SPICE model p type transistor
with superlow threshold.

In order to test the obtained model, the characteristics of
transistors were compared with the characteristics introduced
in different research papers.

All the deviations of the parameters were in the allowed
range.

Fig. 4. and Fig. 5 provide the input characteristics of the
"nfet" and "pfet” transistors, operating with the 0.8 V supply
voltage.

Fig. 5. Input characteristic of “nfet” transistor
- S N NEE SR, NS - . Sl PEL AP

Fig. 6. Input characteristic of “pfet” transistor

VIIIL.

A new method has been developed that allows to get
precise spice models of nanoscale transistors, which can be
used in different studies and researches. # tool was developed
with Python programming language which allows to automate
the development of SPICE models of transistors. The tool was
used to create SPICE models of transistors for l4nm. A
research study of the obtained models was made. The results
were compared with the characteristics of the foundry models
of transistors in different research studies. Deviations were
within the permissible limits. Also, Monte Carlo transistor
models were developed, which will be used during the
development of AOCV and POCV models.
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U.b4. UUrserausuy

MULUUES USYUD FRPOUELE YRLUNUUULR FUSES UL UNBUTLELE
$P2PYUYUL LUNUSONRULD

Ubphuyuggws b knwywih thwljuing uipuiiqhunnpbph (6@8), nhqhuinnplbph b
nhonubph wwpudnpugdws peheikph Upwlnulp python API Uhgngny, hitsyku twl wyy
peheukiph Yhpuniunlp whwingughi ufubdwitkph bwjuwgdnudp:

Unwmligpuyhli  punkp. wwpudbinpugywd hulwlupg, bowswih wpwbqhwanp,
python, wwnquyhb uukdwbtp, $hihulub twhuwghd:

Lkpwbnipinil: Mwpquignyli pyughlt poholikpp’ npwbghunnplikpp hptg
nwpwinbuwlikpny, nkghuninpp, nhanp U wyl, hbsybu Gwb wbuwnquyh hnnkg-
pw upubdwtbpp (PU) Uhly wydd twpauwgsymd ki «lwutiughinug]us twhiugsdwb
tppninnw (1] dhgngny, npmud twhiugddwih pupwgpp Yunnwpyni:! Euh swpp puy-
LEph hwenpruljwtm pjundp, b npyku wpynip unwgynud £ ninwyninghwb: Uw-
Juyt wyn upubdwlibph wpyninudbn wphwnabpp phutn Juhnwd E $hqhuljub
bwhuugdkph uhdtnphynipynitihg [2], npp htiupunnp £ unnwbiug h owpp Ukpnn-
Utph Yhpwndwidp: Uythwpn E, np Uhhbngh nkuwlh wwpqugnil peholikpp thu-
jutighg wwppkpynud B hpklg wwpwinpkph wiwppkp wpdbplbpny: Uyn wipwb-
qhunnpbpp hwdbdwnbnyg Jupkh b ububly, np Uhdjubighg mwppbpynud ki
hnupninhtibph Epljwpnipnibikph b (wjumpimbbph sunhbpny: Uypnknhg b wnw-
gwgh] E wupubinpugyus nw,iph quyuwpp, wjuhlipl’ unbindky nplik wnwpnh
nnyninghwt wjbybu, np Jepghtiu hiupwynp lhth gkbbpuiglty wwpudbnpkph
wnupplp wpdtplitph phypnd: Uju wkuwlh jnosnod wnwgp Yhtpuinuguh tuhuwugdnnh
wghuuninubipp U, dhwdwdwbwy, poy) funw fupg dwdwbwynd qklikpughky up-
Ubwinphl inyninghwkpp:

[3,4] wphnunwipbipmd hwdwyunweuwbupwp ubpluyugdus kb hungnuy-
np] vwpph b onuijwdl gktikpunnph wupulkinpuggws hwdwljupgh dowlnid-
Ukp: [5-6] wohnuwnwbipbitpnud tkplujwgus Uninkgnudubpp htupuwynpmipim ku
nwihu uwundwinugdus Ukpnnlitph hpundundp Junwpk) wdpnnowljub upuk-
Uwlikph bhqhlwljwl uhtipkqp, uwlw)t wewbdhi nuppbph ywpudtinpugdwi b
oquiugnpauwl htwpwynpnipynih skt nwghu:

Ughiunwtiph Ywinwpdwhb plipugpnid dowlpky kb nnpuwbighuinnpukph, gh-
Uwnpmpimbtikph U ghogbbph wupudbnpugdws hunlwljupghkp: Unbndyws
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wnwppbpl oquuugnpédyty kb dh pwpp puyht b pw-whwnguyh hwignyghbph
dhqhjuljub twhiwgsdwh gnpdplpugnid:

Upwlpwl gnpdplpwgp: Spwbighunnph wuwpulbnpugws nwppp hin-
punp £ qElkpuglit] $htbph pwlwlh b hnupmnnt kplupnuput wuppkp wipdbp-
Ukph plwpnul:Uyn nkuwlh pohglibph dswluwl plpwgpnid oquuugnpénud bl
«Python API»-h [7] npunlwinpud Uks pwbwnipudp Yiuubbpp:

Mwpudbnpugyus nwppkph Wwldwh gnpspipugp junwpymd b bpkp
hhulwlwh thniph hwenpruuunppudlp’ wwpudbnptph hwnupupnad, Upw-
Ynul b wnyninghuyh qhtbpugnid:Uwlugl, twhpub wwpudbnpugdus pesh
Upwynidp withpudbow k nitiklwy ) wkiininghugh hwdwp twpwgsdwb Yu-
unttpp: Uju ghypnid npuybu nkhubininghw plunpdby b 14 &7 bnwywh nkputin-
Inghwly, npintnhg £ Jipgyk kb twhiwgddwh Yubnbbtpn [8): Uy wpdbplbkph uh
dwup bkpluyugdws Ewn  1-nul:

Unyniuwly 1

Lwprmgdhmly jurlinblilpp

NMupuwdlnp Updtp (/) Pugunnpmipinil
Mgy 0,034 Ubinunuljwb wrwght dwupgulh
jwqugnyb Epljupnipinibp
uh
i 0.026 Ubwnunikph dhol ijuquignyb
htnun|npnipnibp
Uk ok U
M2wa 0,034 wnunuljub kpypnpy dwhwpnuyh
Wjwqugnyl Epljupnipinibp
DIFFw. 0,044 Thbnighwih iwquigniyh hwunnipymip
POwa 0,014 Quiljmith Wwqugniyl juybmipmin

Upws buwfuwgdiwl jubinbubkpp wpby B dpugph dnunphl nkpunughl
$unih Uhgngny, nph qpljwabp htwpuinpmpnit kwwghu nyjw onp wohunntg-
k| wyp nkhitininghwh nypnud tnygbyku: Uyuhlipl, Yupkh b thnjuk) wnikputnwghb
byt gpyjwis wpdbplbpp b dpugph Uke sunn pk phs thnthnfumpnitiibp Junw-
phny unwing wwnuUtnpugius hwdwlupgbp wy wkhtnaghwibph nhypnud:

Unwugyuid wipmymibiplibpp: LY. 1w b p-nud gnug bl npgws inpuitighunnph -
puiltnpuggus wkupkpp: Ujunkn npujbu wupudbnp epgqus bu $hikph wnwp-
phkp puwlubpp:
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19}
L. 1. Spubighuinnph yupudbnpugyus wkupp  $hiakph nwppkp putnlbbph pypnid.
w=-2p-9

. 2 w, p-nud gnyg kb vipdus wipwiqhuinnph yupudbnpugjus nku-
pkpp, npntin npuyjtu wwpudbnp swouygl) §houpninne Epljupnipynup:

P

L 2 Spubhgpumnnph wupudbinpugdus wkupkpp hnupniar kplupayenul nuppkp
wpdbphliph nlupnud w— 0,014 i, p— 0,03 dijf

Un. 2- mud phpjuwd £ dpwlpjud wuwpudbnpugduwsd peheubph wdpnnowlju
gulilyp:

Muwpwdbinpugfwsd hwdwlwpglpb oguruugnpéyty kb dkjhwbgniguth, kpl-
hwlgnguiih, gusp Eubpquuyurtwdp uvinunhly judwpuljut ptinpnpudp hhow-
uwppbph (UYCZ) b dh pwpp dnunp-tp (U/B) hwbgnygubph twhiugsdwb phpug-
pnu:
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Unyniuwly 2

Upuljwé wwpundllanpugyué popoltph gullyp

Fooh tpwulnulp Uljwpugnpnipnibp
n08 n wnkuwlh wpwbghwanp
p08 p wkuwlh wpwbqhuwnnp
n08_hvt pupdp phdught jupnuing n wkuwlh wpwbghunnp
p08_hvt pupdp 2duyht jupnudng p mbuwfh wpwbghunnp
n08_lIvt gudp phdwyhl jupnuing n wkuwlh wpubghunnp
pO8_lvt gudp 2kdwght jupmudny p whuwlh wpwbghunnp
n08_lIvt glipgudn skdwiht jupnudnyg n wkuwljh wpwiqhunp
p08_lvt gqlpgudp sliduyhis jupnuiny p whuwlh wpwbghunnp
pl8 hwuwn opuhnny p wkuwlh pwbghuwnnp
nl8 hwuwn opuhnny n whuwlh wpwithquunp
pd ghng
res nhdwngpnipnLa
bpnp pnp wnpwbqhunnp
bnpn npn npuwbghuwnnp
co Untnwljn
nb hwppul n nbuwlh wpubqhunnph hwdwp
pb hwppwl] p wbkuwlh npwighunnph hunfwp

LY. 3 w-nwd gnyg Ewnpdus UYCZ-h unmgywuspp [9], nph tinnuyninghuigh -
huwugsdwb pupugpmu oquuugnpsyl) kb knwywh wkjulininghwyn unbknsyus p b n
wnbuwlh wpwbghunnplbph, ghogubph, Yntnwlpnutph U hwppwlubiph yupw-
Uknpugyus hudwjunpgtpp: Uswlpus mnyninghwt phpduws Euly. 3 p-nud:

Voo

=

Lanfuwhgpusdnpint pal

phunmlml
L

Sijagbibph U6
ke

Ak-1:0]

Pebotilph tmaphy

Ul

Akhasdupdu oy

O

{-i0j0jn-10]  CE

w)

il
T

WEB OEB CS8

/

UG

P
LY. 3. Ukhwhgnigubh USCS | w- USL2-p ufubdml, p - USCZ-h wnyninghub
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Un. 3 nud phpywd Eupwljfws winuyninghwlbph gubyp:

Unyniuwml 3
Upmlpjwd innwynnghwlibpp
Pooh mujulinudp Punh tpljupmpinip YJuipquyunipnibip
SRAMIRW4x4 4 4
SRAMIRW4x8 4 8
SRAMIRWS8x4 8 4
SRAMIRW512x128 512 128

Cunhwinip hwpyny bwhiugsyly b dnin 120 wiwppkp hhowuwpptp, wyy

pynud twb gusp Eukpquuyuntwdp, hisyku bwb 40 U/6 hwbignyglbp:

Gqnuljugnipnil: Uswlplk) kb wnpuiiqhunnplibph, nkghuinnplibph b ghuwn-

poipnibibph ywpudbnpugdus hwdwljupgbpp Enwswh nkubninghwh ghy-
pnul: Mupunlbinpugus nuppbpt oquuugnpdyty b pnipe 120 UYCZ L 40 U/
hwtignygubph twhugsdwb gnpsplpugnud:

(¥5]

SrUYULNRE3UL 8ULY

Unjuhuywt LU, £jught huhwlwpgbph wpudwpubwlub bupugsnud/ 2M&2.-6p.:
Swpnupughn, 2012.-284 Ey:

Nashaat 1., Dessouky M., Said H. Optimally matched current mirror layout pattern
generation using genetic ontimization // 28th International Conference on
Microelectronics (ICM), 17-20 Dec.- Giza, Egypt, 2016 ~ -P. 98-101.

Tayenjam S., Rao Vanukuru V.N,, Kumaravel S. A PCell design methodology for
automatic layout generation of spiral inductor using skill script // International
conference on Microelectronic Devices, Circuits and Systems (ICMDCS), 10-12 Aug.
2017.- Vellore, India, 2017.

Jia Ch., Ganbing Sh. New Pcell based ring oscillator layout auto-generation method
and application in advanced SPICE model verification / China Semiconductor
Technology International Conference, 15-16 March 2015.- Shanghai, China, 2015.
Martins R., Lourenco N. Norta N., LAYGEN II - Automatic Layout Generation of
Analog Integrated Circuits / IEEE Transactions on Computer-Aided Design of
Integrated Circuits and Systems' - 16 october 2013 |

Zhang L., Kleine U., Yingtao J. An automated design tool for analog layouts // IEEE
Transactions on Very Large Scale Integration (VLSI) Systems.- 31 July 2006.

Conlan C. The Blender Pvthon APl Precision 3D Modeling and Add-on
Development.- June 14, 2017.
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8. Melikyan V., Martirosyan M., Melikyan A., Piliposyan G. l4nm Educational
Design Kit: Capabilities. Deployment and Future // Small Systems Simulation
Symposium, 12th-14th February, 2018.- Ni§, Serbia, 2018.-P. 37-41.

9. Ishibashi K., Osada KO Low Power and Reliable SRAM Memory Cell and Array
Design’ - June 2008.

Zwjwunwbh wqqujhlt ynhnkpbhjouh hoduuopub: Unpp bipuyugygt) |
hudpugnnipiny 10.03.2020:

M.K. MAPTHPOCSH

OU3HYECKOE INTPOEKTHPOBAHHUE HHTETPAJIbHBIX CXEM C
HCIOJIB3OBAHHEM MMAPAMETPU30BAHHBIX AYEEK

[Npencraenena pazpaboTka napameTpU3OBAHHBIX AYEEK TPAHIUCTOPOR C TPEXMEPHBIM
3aTBOPOM PE3HUCTOPOR W AMOJOB ¢ nomoueio python API, a Takke npoBeneHo npoekTHpo-
BaHHE aHAJIONOBBIX CXEM C HCTIOIB30BAHHEM ITHX [apaMeTpPH30BaHHKIX AYeek.

Kaouegbie cnosa: napaMeTpu3oBaHHas CHCTEMA, TPEXMEPHBIH TpaHsucTop, python,
aHaJIoroBhIE CXEMbI, (PH3IUHMECKOE MPOEKTUPOBAHUE,

M.K. MARTIROSYAN
THE PHYSICAL DESIGN OF INTEGRATED CIRCUITS USING
PARAMETERIZED CELLS

The development of a parameterized FinFET transistor, diode and resistor cells
using Python API is presented. The development of analog circuits using those parameterized
cells is carried out.

Keywords: parametrized system, FinFET, python, analog circuits, physical design.
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B.IIL Meauksin, M.K. Maprupocsin

PA3ZPABOTKA [MPABWI ®M3HYECKOI'O TPOEKTUPOBAHMS HHTEIPAJTEHBIX CXEM
JIJIS1 14-HAHOMETPOBOT'O TEXHOJIOT MMECKOT'O TIPOLIECCA

Mpedcmasnena papabomka npasuil npoexmuposanus urmeepansieix cxem (HC). Peuten cnucok
MUHUMANbHO2O KoTuvecmeanpaswt. Paspatomxa npasut npoekmuposania Ob1apeanu308ana 6 06a nooxooa:
LTI UCHOTb306aHb NPACWIA U3 GUOTUOMEK C OMKPbIMBLM QOCMYNOM, CNPOCKMUPOE AHHBLX 001 ee D OnbUUMU
MEXHON0LUAMY, A MAKHCE YUDPbL, UCHOTB306 AHNBLE 6 PA3ZHBIX UcCTedosametbekix pabomax. Cnpoexmup o6atsl
pasusie yugposwie u ananozoseie HMC ¢ ucnonv3oéanuem dMmMux Apaeul NpoeKMuposaHusi. [lpasuna
npoexmuposanus Geiiu cozdansi ¢ 14-nanomemposoil mexnonozuell A peanuzayuu ¢huszuteckux npoekmos
nenpou3ssodcmeenrvlx HC.

Ktouegnie c108a: mp exmepHolii mpan3ucmop, npagwianp oeKmup 06anus, 6uGiuomexa npoexmupoeanus,
uzUNECKUT NPOEKM, CREYUATUSUPOSAHHBIT MAPUPYIM NP OEKNTUDOS AHLL.

V.Sh. Melikyan, MLK. Martirosyan

PHYSICAL DESIGN RULE DEVELOPMENT FOR 14NM INTEGRATED CIRCUITS

The development of design rules for integratedcircuits (IC)is presented. A list of minimum rules has been
defined. The development of design rules was implemented intwo approaches: rulesfrom open access libraries
designed by larger technologies were used, as well as the numbers used in various researchpapers. Different digital
and analog ICs were designedusingthesedesignrules. Design rules were developed by 14 nm technology to
implement physical projects of non-production ICs.

Keywords: FinFETtransistor, design rules, design kit, physical design, custom desi gnflow.

Ubjhpjwt Ywqqbt Cwywnzh - << FUU prpwlhg wunwd, n.g.n., wypnd. (<<Uhunthuhu
Updbuhw>> PRLC)
Uwpwppnuywi Ubpnidwt Ywpwwbnh - wuwhpwn (UNK)
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plnhuimp, wytg Eu b ndpuy nEutingnghugh hwdwp hwinny uintiabp:

U juinububkph hhdwi Jpu twhiugsdlk) G wwppkp peheuiph winunnghwikp, npnbp
hwdbdwu]b) o nju nbubninghugh dnn wy nkubninghwibpn] twhwgduws nnwyninghwbbkph
htin: Uwljipbuttiph hwpupbpnuenoap kot | pogpunpb hh uwhdwb bbposd:

Bqpuljugmpmib: Ujuug huny, 14tdnEubinnghwih hudwp dpwmlp]k Ednn 150 bw iwgsdwb
Jubnbbbkp: Wy jubnbbbph dowjdwb hudwp hpundl] E Eplne dninkgmd Jkpgydky B mwppbp
gpunwlut wphunnwiphtpmu oginugnpdjwd pytpp, oquugnpéiti ki bwjunpynkuininghwikpnud
Upwljuws Yuwbnbbbpp ophwswhmpniip wwpghim hwdwp: Upwlpfuws Juinbubph dhengny
Juwnwpgt b wwpplip bhqhjuljwb bwhougstp, npnbp hwdbduwndby Bwyn nbuinnghuwht dnw wy
wnkjunnghwikpny  juwunwpdus  twjuwgstph  htwn: Upgmibpbbpp ol b pogpunpblhh
uwhilwbbibpnul:

Q puljuiimpinih

Melikyan V., Harutyunyan A., Matevosyan A. Physical Design Implementation, Armenia, 2014.

2. TetsuTanaka. 3D-IC technology andreliability challenges, Junction Technology (IWJT}// 2017 17th In-

ternational W orkshop on Junction Technology (IWJT). - Uji, Japan, 1-2 June 2017.
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