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B maHHOI1 paboTe MPOBOAMUTCS MCCIIENOBAHUE CBOMCTB OMOIMOTEYHBIX ssueeK TSMC, BBITIOJHEHHBIX MO TEXHOJOTUYECKOMY MPO-
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The paper analyzes the properties of the TSMC library cells performed by the 28nm technological process. Logic and physical design

flows have been considered with respect to the results obtained.
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BBEAEHUE

ITo Mepe yMeHbILIEHU ST TEXHOJOTMYECKUX HOPM MPOEKTUPOBAHU S
paccMaTpUBaIOTCSI IPOOJIEMBbI, CBSI3aHHBIE C ONTUMU3AIUCH U YTy d-
IIEHUEM YXKe CYIIEeCTBYIIINX MapiipyToB pa3zpadotku CBUC. Ips-
MBIM CJIEICTBUEM YMEHBIICHUSI HOPM TE€XHOJIOTUYECKOTO Mpoliecca
SIBJISIETCSI YyMEHbBIICHME MJI0IaAu OMOJIMOTEUHBIX siUeeK, a CaeloBa-
TeJbHO, yBEIUUYEHUE CTENeHU UHTerpaliuu KomnoHneHToB MC u yBe-
JIMYeHHe ObICTpONeCTBUS TpaH3UCTOPOB. ONHAKO CTOUT YUYeCTh,
YTO NMPU pa3padOTKe MPOEKTa MO TEXHOJIOTMYECKUM HOpMaM HUXKe
65 HM, pacTeT BKJaJ CTaTUYECKON MOIIHOCTU, 0OYCIOBICHHOMI
TOKAMU YTE€YKHM, B OOLIYI0 MOIIHOCTb MoTpedaeHus [1]. JaHHBII
napameTp SIBJISIETCS TAKUM Xe KPUTUUYHBIM, KaK U ObICTpOjeiicTBUE,
TakXe OKa3blBasl 3HAUMUTEJIbHOE BIUSHUE HAa MapLIPyT HU3NUYECKON
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NCCAEAOBAHMUE CBOMCTB BUBAUOTEYHbBIX
AYEEK TSMC 28 HM HPC+

OCHOBHOI MPUHILUII MOCTPOEHUS OUOIMOTEK ocHOBaH Ha PVT
(process/voltage/temperature) MOIeTMpPOBaHUM B KpailHUX yTiaax:
MaKc/MUH OBICTpOACCTBYE, MAKCUMAabHAasl MOIIIHOCTDb, a TaKXe
B TUMTMYHBIX yTJaX 9KCILIyaTaluiu.

McxonHoM TOYKO 111 JTaHHOTO UCCIIeIOBaHMsI CIYXUJI pa3pabo-
TaHHBIH MOA TexHoJoruueckuit mpoiecc TSMC65 mapiupyTt dusnde-
ckoil umMnaeMeHTauuu. Ero oco6eHHOCTBIO Oblj1a BO3MOXHOCTD ONTH-
MU3aLUK CTATUYECKOI MOLIHOCTU NMPOEKTa, UCIOIb3Ysl OMOIMOTeY-
HBIC STYC KM, TTOCTPOCHHBbIE Ha TPAH3UCTOPAX € Pa3JIMIHBIMU ITOPOTO-
BbIMU 3HAYEHUSIMU HaIpsikeHus (puc. 1).

Ha nmanHOM pHCyHKe MOXHO yBUIETh, YTO OCHOBHAsl CTPYK-
Typa OMOJIMOTEeKY 3aKJIIoUaeTcsl B pa30MEHUN sTueeK Ha MOATPYTIITHI,
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Puc. 1. Cpasnenue cmpykmypot dannvix oubauomex 0as mexuonoeuveckux npoyeccoe TSMC 28 um u TSMC 65 um
Fig. 1. Comparing the data structure of the workflow libraries for 28nm TSMC and for 65nm TSMC
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Puc. 2. Hcnoavzosanue 8Mopo2o caoa memaniusayuu ons mpaccupoeku MedccoeOuHeHul BHYMpU A4€€K, 8bINOJNHEHHbIX N0 MEeXHON02UHeCKOMY npoyeccy

TSMC28HPC+, npusedena monoaoeus aueiiku soeffqs01x2 u soeffqsO0loptax2

Fig. 2. Using second metallization layer for the routing within the cells performed by the technological process TSMC28HPC+; soeffqs01x2 and soeffqs0loptax2

cell’s layout

KOTOpBIE Peasn3yIoTCs TPU MOMOIIU TPAH3UCTOPOB C PAa3HBIMU MTOPO-
TOBBIMU 3HAYCHUSIMU HATIPSIKEHU ST, & UMEHHO:

HVT (High Voltage Threshold) — siueiiku, mocTpoeHHbIE Ha TPAH3U-
CTOpaXx ¢ BBICOKMM MOPOTOBBIM 3HAYEHUEM HamnpsixeHus. O01aaaoT H1U3-
KOI1 MOTpebsieMOit MOLIIHOCTBIO M HU3KMM ObICTponeiicTBueM. ONTUMU-
3al¥sl JaHHBIMY STYeiKaM U MTPOUCXOIUT B HEKPUTUYECKUX MO OBICTPO-
NEUCTBUIO MYTSIX MPOEKTA AJIsI MOHMKEHM S CTATUYECKOM MOLITHOCTH.

RVT (Standard Voltage Threshold) — siueiiku, mocTpoeHHbIE
Ha TPAH3MCTOPAX CO CTAHIAPTHBIM 3HaYEHHMEM ITOPOTOBOT'O HaTPsIKe-
Hus. Asnstores komnpomuccoM Mexny HVT u LVT sueiikamu. Coa-
JIAHCUPOBAHBI 11O OBICTPONEHCTBUIO U 110 TIOTPEOIISIEMOIT MOIITHOCTH.

LVT (Low Voltage Threshold) — stueiiku, mocTpoeHHbIC HA TPAH3U-
CTOpax ¢ HU3KUM 3HAaYeHHNEeM MOPOTOBOTO HamnpsixkeHUs. O6nanaoT
BBICOKUM OBICTPOIEHCTBUEM, MEHBIIUMU 3aJePXKKAMU IO CPaBHE-
Huto ¢ HVT u RVT, Ho GoJjiee 3aTpaTHBI 110 MOTPEOIISIEMOM MOIITHOCTH.
Wcnonb3ytoTest st o6ecredeH s XOpOILIero pe3yjibraTta B KpUuTuye-
CKUX MYTSIX POEKTA.

WccnenoBanue 6MOIMOTEYHBIX sTYCEK, BBIMOTHEHHBIX 1O TEXHO-
noruyeckomy mnpoueccy TSMC 28 um HPC+, nokasasio, 4To B OTJIU-
que ot TSMCG65, B cTpyKType 6MbIM0TeKH 100aBIsieTcst Kilaccuduka-
s 1o aiuHe KaHaja TpaHsuctopos (L). [Tonxp3oBarento 1ocTymnHo 3
BapuanTa: (L30) — niuna kanana 30 M, (L35) — niiunHa kaHana 35 HM
u (L40) — nnunHa kanana 40 um (puc. 1). lanHast Bapuaiusi o3BoOJIsieT

INTRODUCTION

YMEHBIIUTh MOTPEOIAEMYI0 MOIIHOCTD HE TOJBKO B PeXUME Tepe-
KJItoueHUsT GYHKIIMOHATBHBIX STYEEK, HO U B PEXUME «OXKUTaAHUSI».
Wcrnonb30BaHue siueeK ¢ MEHbIIIEH JJIMHON KaHala MO3BOJISIeT JOCTHUT -
HYTb HauOOIbIIEr0 OBICTPOACHCTBUSI, TOATOMY UX UCIIOIB3YIOT IS
ONTUMU3ALUY KPUTUUECKUX MyTeil, B TO BpeMsl Kak siueiiku ¢ Gonee
IJIMHHBIM KaHaJIOM CITOCOOHBI 3HAYUTEJIbHO MOHU3UTH MOIIHOCTD
YTEUYKH B MY TSIX, KOTOPbIE HEKPUTHUYHBI I10 OBICTPOJCHCTBUIO.

Jnst nanbHeimeil peaan3aly TOMOJOTHY UCCIeNyeMOro 61oKka
OBLJI TPOM3BEIEH NOMOJTHUTEIbHBII aHAIU3 OUOIMOTEUHBIX STYEEeK 115
YJIyYIIEHUs PE3yJIbTaTOB TOMOJIOTMYECKOTO MTPOEKTUPOBAHMUSI IO TEX~
Hojoruu 28 HM. Tak, B JaHHOM TeXIIpoIlecce B COCTaBEe OMHOM OMOIM-
OTEKU BO3MOXHO HaJIUUUe JOTIOJTHUTEIbHBIX pealnu3anuii sueex,
BBIJIEJISIEMBIX B OTJIEIbHBIE TPYTITIBl 1 OTMEYEHHBIX WHICKCAMMU:

P (performance category) — xapakTepu3yIOTCsS MEHBITUMU 3a1ePK-
KaMU ¥ yBEJIUYCHHOM MJIOIIAAbI0 TI0 CPABHEHUIO C 0A30BBIMU siYeii-
KaMu. MOTyT MPUMEHSITHCSI B KDUTUIECKUX TTYTSX.

HP (high performance category) — xapakTepusyloTcs elie dosee
MEHBIIMMU 3aepKKaMU U ellle GOJbIIeH MI0Iaabio 0 CPAaBHEHUIO
¢ 6a30BbIMU siueiikaMu. MOTryT MPUMEHSTHCS B KpUTUIECKUX TTYTSX.

M (maximum category) — BCe TPaH3UCTODPHI B JaHHBIX sUueiiKax
MMEIOT MaKCMaJbHbIe pa3Mepbl. TakM 006pa3oM, BO3MOXHO yMEHb-
IeHue BHYTPeHHUX 3ajepxkek. [I1omanp siueek coBnamgaeT ¢ Mjiola-
IIbI0 0A30BBIX.

As feature size standards decrease, problems
related to the optimization and improvement
of existing VLSI development routes are being
dealt with. A direct consequence of feature size
reduction is library cells area reduction, which
results in higher degree of IC components inte-
gration and performance improvement. How-
ever, it should be taken into account that when
developing a project for technological stan-
dards below 65nm, the contribution of static
power to total power consumption increases
due to leakage currents. This parameter is just
as critical as performance, and also has a huge
impact on the physical implementation flow.

ANALYZING 28NM TSMC HPC+
LIBRARY CELLS PROPERTIES

The basic principle of building libraries
is based on PVT (process / voltage / temper-
ature) modeling, reflecting the performance
of cells built on n- and p-channel transistors.

In this process, simulation occurs at the
extreme corners in order to simulate expected
results under various conditions and to make
sure circuits operate correctly in all cases:
ss (slow-slow), having the low performance,
best ff (fast-fast) high-performance corner and
tt typical corner.

The starting point of the current research
was the physical implementation flow devel-
oped for the TSMC65 process. Its feature was
an ability to optimize the static power of the
project, using library cells built on transistors
with different threshold voltages (Fig. 1).

Fig. 1 shows that the basic structure of the
library is to break up the library cells into sub-
groups that are implemented using transistors
with different threshold voltage values, namely:

HVT (High Voltage Threshold) — cells built
on transistors with a high voltage threshold. They
have low power consumption and low speed.
Optimization by these cells occurs in non-criti-

cal ways of the project to reduce the static power.

RVT/SVT (Regular/Standard Voltage
Threshold) — cells built on transistors with
a standard value of the threshold voltage.
It is a compromise between HVT and LVT
cells. They are balanced on performance and
power consumption.

LVT (Low Voltage Threshold) — cells
built on transistors with a low threshold volt-
age value. They have higher speed and smaller
delays compared to HVT and RVT, but con-
sume more power. They are used for achieving
a good result in the project’s critical paths.

The analysis of 28nm TSMC HPC+ library
cells has shown that unlike TSMC65, a new
transistor channel length (L) classification
is added to the library structure. The user has
3 options: (L30) — channel length of 30nm,
(L35) — channel length of 35nm and (L40) —
channel length of 40nm (Fig. 1). This varia-
tion allows you to reduce not only the dynamic
power consumption, but also the leakage power.
The application of cells with a shorter channel
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RE (reversed category) — BapuaHT siueeK C U3MEHEHHBIM MOPSITKOM
MMUHOB, 61arogapsi YeMy BO3MOKHO YMEHBIIIEHHUE 3aIepKeK Ha OTpe/ie-
JIEHHBIX BXOZIaX 32 CUET yBEJIUUCHUS UX Ha APYTUX.

REM — BapuaHT siueek ¢ MaKCMMaJlbHO BO3MOXHOM IIMPUHOMK
TPaH3UCTOPOB U U3MEHEHHBIM MOPSIIKOM MUHOB. DhdEKT cxoneH
¢ BapuaHToM M.

REP — BapuaHT P Kareropuu ¢ UBMeHEHHbIM MOPSIIKOM MTMHOB.

REHP — BapuanT HP Kkareropyuu ¢ u”3BMEHEHHbIM MOPSIIKOM TUHOB.

OPT (option category) — BapMaHT STYCKU C MUHUMaJbHO BO3MOX-
HBIM HCTIOJIb30BAHUEM MeTaslsla M2 JIst TpaCCUPOBKYU COEMHEHU it
BHYTPU CaMO STUEHKH.

Takke xapakTepHast 0co00eHHOCTb ucnonb3oBanuss TSMC 28um
HPC+ 3akmiouaeTcst B TOM, YTO HEBO3MOXHO MPOBECTU MOJTHYIO Tpac-
CUPOBKY TOITOJIOTUH BCEX STUEEK B TIEPBOM clioe MeTanusanuu (Ml).
CoenMHUTENbHBIC TMHUM, TPU TOMOIIN KOTOPBIX OCYIIECTBIISIECTCS
MOAKJIIOUEeHNE KOHTAKTOB sUYeeK K CeTKe 3eMJIU/UTaHusI, Kak npa-
BUJIO, PACIIOJOXEHbl HEMOCPEACTBEHHO HAal COOTBETCTBYIOIUMU
KOHTaKTaMU U BbIMOJHSI0TCS B ciioe M1. CorslacHo TOKyMEHTaluu
O6ubamnoTek [3] craHaapTHBIX 3JIEMEHTOB TEXHOJIOTMUYECKOro Mpoliecca
28 HM, conpoTuBiaeHUe M1 110 cpaBHEHUIO C OCTAJIbLHBIMU MeTallaMu
3HAUUTEJILHO OOJIbLIE; CIeOBATEIbHO, IS UCKJIIOUEH !SI BO3HMKHOBE-
HUSI CUTyallMy HapyIIEHU sl 3aIaHHOTO JOMYCTUMOTO MaKCUMaJIbHOTO
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Puc. 3. Ilpumep sueiiku soeffqs0Ix2, 6binoaHeHHOU O MEXHON02UHECKOMY
npoyeccy TSMC 65 nm, mpaccupogka mexnccoeOuHeHutl GHympu S4eiKu
8bIn0AHEHA MoAbKo 6 M1

Fig. 3. An example of the cell soeffqs01x2 layout performed by the 65nm
TSMC process, the routing within the cell is performed only in M1

TMajeHus] HaTIPSIKEHU S TTUTaHUS CIIeNyeT pa3MeliaTh COMPOBOXIAI0-
e KOHTAKThI 3JIEMEHTOB JIMHUK He TOJIbKO B M1, HO 1 B M2, cooT-
BETCTBEHHO, B cjioe M2 yMEeHbIIIaeTCsl KOJTUYECTBO BADUAHTOB LTSI
TpacCUpOBKM MexcoeauHeHuil. Clie1oBaTeIbHO, B Clyyae HEBO3-
MOXHOCTH MPOBEJCHUs 3Taria TPACCUPOBKHU TPU 3aTaHHOM 3HaYCHU U
TUJIOTHOCTH PACTIONIOKEH U I 2JIEMEHTOB, L[eJIECO00Pa3HO UCMOIb30BaTh
sueiiku OPT (puc. 2, puc. 3).

BbIBOP OIITUMAABHOTI'O HABOPA CTAHAAPTHBIX
AYEEK ITPU CXEMOTEXHHUYECKOM CUHTE3E
IMPOEKTA

Pa3paboTka monxomnoB K ONTUMU3AIMY ITPOUCXOIMIIA Ha TIpUMepe OJ10Ka

1IeJIOYMCIIEHHBIX onepanuit int_mult_div, BXoasIIero B cocTaB MUKPO-

MPOLIECCOPHOTO siapa, pazpabateiBacmoro HUMCHU PAH. [lanHbiit 6110k

OB BBIOPAH U3 COOOPAaXEHU, YTO B HEM OTCYTCTBYIOT MaKpOOJIOKH,

9JIEMEHTBI TAMSITU, U €T0 CTPYKTYpa I0CTaTOYHO HEOAHOpoaHA. [laHHOe

00CTOSITEILCTBO MO3BOJISIET aeKBAaTHO BBISIBUTH CBOICTBA OMOIMOTEU-

HBIX siyeek. Bech MapuipyT pa3paboTKu HHTETPaJbHON CXeMbl TPOBO-

nujcst B mporpaMmHoM obecriedueHun komnanuu CADENCE. Cxemo-

TexHUYecKuit cuuTes Buimonusacsa 8 CAITP GENUS?.

TTepBbIM TAnoOM B ONTUMU3ALIMH YK€ UMEIOLIErocsl MapLIpyTa cTo-
SIJI0 OTIpeNie/iecHe OCHOBHBIX KaYeCTBEHHBIX XapaKTePUCTHK, B COOT-
BETCTBUU C KOTOPBIMU OyIEeT MPOUCXONUTH OIleHKA W JaibHeHIast
ONTUMHU3AIIHS:

* YacToTa TAKTOBOTO CUTHAJA;

* TII0LIanb 0JIOKA;

* cTatuveckasl MOLIHOCTD;

* cyMMapHas noTpebisieMast MOLIHOCTb.

Jnst Haubosee TOYHOI OLEHKH BOCIOJIb30BAJUCh HEKOTOPBIMU
OrpaHUYCHUSIMU, A UMEHHO:

* HUCMNOJb30BaHME OAMHAKOBBIX (GYHKIMOHAJBHBIX JIOTUYECKUX
s;yeeK KOMOMHALIMOHHOM M MOCJe0BaTeJbHOM JOTMKU BO BCEX
BapUalUsIX IPOEKTA;

* OIMHAKOBbIC OTPAHUYECHU S, HAJIOKEHHbIE Ha OJIOK, B paMKax
OIIHOTO ¥ TOTO e MapIpyTa.

length allows achieving the maximum perfor-
mance; therefore they are used to optimize crit-
ical paths, while cells with a longer channel can
significantly reduce the leakage power in paths
that are not critical by performance.

An additional analysis of library cells has
been performed to improve the results of the
physical design flow for the 28nm technology.
So, in the given technological process within
one library there may be additional cells imple-
mentation combined in separate groups and
marked by the following indexes:

P (performance category) — are character-
ized by smaller delays and an increased area
in comparison with the basic cells. This set
could be used in critical locations.

P (high performance category) — are char-
acterized by even smaller delays and an even
larger area compared to the basic cells. This set
has to be used in critical locations.

M (maximum category) — all the tran-
sistors in these cells have a maximum size.

Thus, it is possible to reduce internal delays.
The area of cells is the same as that of the basic
cells.

RE (reversed category) — cells with
a reversed stack order, so that it is possible
to reduce delays at certain inputs. The effect
is similar to that of M category.

REM — a variant of cells with maximum
transistors sizes and reversed stack order.

REP — reversed stack order with perfor-
mance option (similar to P category).

REP — reversed stack order with high per-
formance option (similar to HP category)

OPT (option category) — cell variant with
minimal possible use of M2 metal for trace
connections inside the cell.

Another feature of 28nm TSMC HPC+
is that it is not possible to complete rout-
ing of all cells in the first metallization layer
(M1). The interconnections that link the cells
contacts to the power/ground grid are usu-

ally located directly above the corresponding

contacts and are performed in the M1 layer.
According to the documentation, the resis-
tance of M1 is much larger than that of the
rest of the metal layers. Therefore, in order
to avoid a maximum IR drop, it is necessary
to place the accompanying contacts of the
line elements not only in M1, but also in M2,
thus reducing the number of options for inter-
connections routing. Therefore, if it is impos-
sible to complete full routing at a fixed place-
ment density, it is reasonable to use OPT cells
(Figs. 2-3).

CHOOSING THE OPTIMAL SET

OF STANDARD CELLS IN THE
LOGIC DESIGN FLOW

The development of optimization methods has
been implemented on the test block of integer
operations int_mult_div, which is part of the
microprocessor core developed by SRISA RAS.
This block has been chosen because it contains
neither macro-blocks, nor memory blocks, and
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ObICTpOnIECTBUS.

PaccmoTpuM BiUsHME PA3TIUYHBIX TEXHOJOTHMUYECKUX STUEEK
Ha OoMpee/ieHHble paHee XapaKTepuCcTUKU. B kauecTBe 6a30Boii pea-
JIM3allMu MpoeKTa OblJ BbIOpaH BapuUaHT, COAEpXAIIUN SYECHKHU,
MOCTPOCHHBIE HAa TPAH3MCTOpPaX C AJIMHOM KaHasa L, paBHoit 35 HM,
M CO CTAHAApPTHBIM 3HAYeHUeM noporoporo HamnpsixkeHusi RVT.
115 najapHERILIero ucciaegoBaHus U 6oJiee HArIsIAHOM BU3yalu3aluu
MOJYYEHHBIX JaHHBIX BCE 3HAUCHUST XapaKTEPUCTUK, TMOJTYICHHBIX
Mpu peaau3aluy pa3jiMuyHbIX Bapuauuit 6goka int_mult_div, Obu1n
HOPMUPOBAaHBI Ha 6A30BYIO peaiM3ainio MPoeKTa.

W3 ta6n. 1 BUgHO, YTO B TaHHOM CPaBHEHUH, MTPU YMEHBIICHUN
IJIVHBI KaHalla TpaH3ucTopa L HabGmonaeTcs yBenueHue Mponu3Bo-
nuteabHOCTH Ha 12 %, HO TSl TOCTUKEHUSI TAKUX PE3yJIbTaTOB HEO0-
XOAMMO MOXEPTBOBATH MOTPEOIsIeMOi MOIITHOCTBIO. B manHOM cityuae
MOIIHOCTh YTe4KH Bo3pactaeT Ha 105 %. B BapuaHTe mpoekTa, OCHO-
BaHHOM Ha siyeiikax ¢ AJMHOI KaHana L, paBHoit 40 HM, HaGOOa-
eTCsl yXyILIeHUe TPOU3BOAUTEIBHOCTH Ha 9 %, HO TaKKe MOHMKAeTCsl
MOIIIHOCTb yTeuKHU Ha 42 % OTHOCUTENbHO pedepeHCHOro BapuaHTa.
Hcxonst u3 9TOro ObLIM cAeaHbl CIEAYIOL e BBIBObL:

* TIpM YMEHBIICHWU TJWHBI KaHaja L MpoucXonuT yBeJIndeHUe
ObICTpONEHCTBUS;

* CyBeIWUYEHWEM IJIMHBI KaHaja L mocTuraeTcs HaMMeHbllee 3Haue-
HUE MOIITHOCTHU YTEUKMU;

*  UMCXOINs U3 00JaCTU MPUMEHEHUST UHTETPaJbHBIX CXeM, 2 UMEHHO
YCTPOKCTBA, TPEOYIOIINe TOBBIIIEHHO MTPOU3BOAUTETLHOCTH, U
YCTPOICTBA, TIABHBIM KPUTEPUEM KOTOPBIX SIBIISIETCSI TOHMKEHHOE
9HEepPromnoTpediIeHne, MOXKHO CKa3aTh, YTO OCHOBHBIM MPEUMYIIe-
CTBOM Bapualluy MpoeKTa Mo AJMHE KaHaa sBJIsIeTCS CHUXEHUE
CTATMYECKOM MOIIHOCTU (HaOJI0AaeTCsl CYIeCTBEHHBI pa3opoc
3HAUEHM 1 OTHOCUTENIBHO pedepeHcHoro BapuanTa +105% u —42 %
cootBeTcTBYOMM L30 1 L40 HMm).

Crenymouium 3TarnoM OblJ10 BISIBIIEHO, Kakoit 2 deKT oka3biBaeT
ONTUMU3ALIMS TPOEKTA STUeKaMU, UMEIOIIMMU pa3Hble IIWHbBI KaHa-
JIOB U pa3Hble TTOPOTOBbIE 3HAYEHU ST HATIPSIKEeHU ST (Tabu. 2 u 3).

I/I3AEAI/IH MHUKPOSAEKTPOHUKH OBIIEIO N
CITETUAAN3HNPOBAHHOI'O HASHAYEHUA

Taobauya 1. Bapuayuu 6a0xa int_mult_div, nocmpoennozo Ha 6ubauo-
MeUHbIX AYeUKaX ¢ pasHoil OAuHOl KaHara L

Table 1. Variants of int_mult_div block built up using library cells with differ-
ent channel length L

 R11) L35 L40

F 112 % 100 % 91%
Leakage power 205 % 100 % 58%
Dynamic power 113% 100 % 96 %
Total power 115 % 100 % 95 %

B xone mpoBeneHHOTro NCCIeN0BaHUS BUIHO, UTO B CIIyvae OMTHU-
MU3alUK TU3aiiHa syeiikaMu, TOCTPOEHHBIMU Ha TPAH3UCTOPAX
C INIMHOM KaHaJsa 30 HM U UMEIOLIMMHU CJIeNYoIue 3HaYeHU S TOPOTro-
Boro HampsikeHust LVT, moBbiaeTcst Ipou3BOAUTEIbHOCTD Ha 18 %,
HO MPOUTPHILI B MOIIHOCTH COCTaBIsieT MouTu 4 pasa (396 % oTHO-
CUTeJIbHO 0a30BOI peanusaluu MNpoekTa); npu ontuMusauuu HVT
s;YefiKaMM ¢ TOM e IJIMHON KaHasla HaOJIIofaeTcsl yXyAlleHue Mpo-
M3BOAUTEILHOCTH U MOIITHOCTH YTEYKU COOTBETCTBEHHO Ha 1% 1 3 %.

Ipu ucnosb30BaHUM B XOlle OMTUMM3AIUU TIPOEKTA sSTUYECK,
TIOCTPOEHHBIX Ha TPAH3UCTOPAX ¢ JUIMHON KaHasna 40 HM U uMelo-
WX pa3Hble 3HAYCHU S TOPOTOBOTO HATIPSIKEHU I, OBLJIO BBHISIBIICHO,
yTo ontuMmusanus npoekta LVT sueiikamMmu Mo4yTu He AaeT MPUPOCT
10 TPOU3BOAUTETLHOCTH U TI0 TIOTPEOIISIEMOIT MOIITHOCTH, TaK Xe Kak
u B ciydae ¢ HVT sueiikaMmu. DTo 0OOBSICHSICTCSI MaJIbIM MTPOLEHTHBIM
COOTHONIEHNEM UCTIOIb3YeMBbIX STU€eK MPU ONTUMU3AIIUY TPOEKTA.

Pestomupyst moaydyeHHbIe JaHHbIE, MOXHO CoeJaTh CAEAYIOLIUE
BBIBOJIBL:

* Haubosiee KapAMHaJIbHble U3MEHEHU I TapaMeTPOB MPOEKTa MPU
ontTumusauuu LVT u HVT sueiikamu OynyT HabGa0naTbCs, €Clu

B IIpolLiecce CMHTE3a A0Jis iueek OyaeT nmpeBbimath 20 % oT 00111ero

yucna, uHavye ucnoyibdopanue LVT u HVT sueex He naeT cyuie-

CTBEHHBIX TPEUMYIIECTB;

its structure is rather heterogeneous, which

makes it possible to adequately reveal the prop-

erties of library cells. The whole flow of integral
circuit development has been carried out using

CADENCE software. Logic synthesis has been

performed in EDA GENUS [2].

The first step in optimizing the already
existing route was to determine the main
qualitative characteristics, which will be used
for evaluation and further optimization,
namely:

» clock frequency;

« the block area;

* static power consumption;

« total power consumption.

For more accurate evaluation some con-
straints were used, namely:

» the same set of combinational and sequen-
tial functional logic cells in all project vari-
ants;

+ identical constraints used for every project
variant.

Optimization was carried out up to maxi-
mum performance achievement.

As a basic implementation of the project,
we have chosen a variant containing cells
built on transistors with a channel length
L of 35nm and with a standard value of the
threshold voltage RVT. For further study and
more intuitive visualization of the data, all
values of characteristics obtained by imple-
menting different variations of int_mult_div
block have been normalized to the reference
project.

Table 1 shows that for the given comparison
with a decrease of transistor channel length L
performance increases by 12 %. But in order
to achieve these results, it is necessary to sac-
rifice power efficiency. In this case, leak-
age power increases by 105 %. For the project
variation based on cells with a channel length
L of 40nm, a 9 % degradation of performance
is observed, but the leakage capacity is also
reduced by 42 % relative to the reference case.

From these considerations, the following con-

clusions have been made:

* the reduction of the channel length L
increases the performance;

» with an increase in the length of the chan-
nel L, the lowest value of the leakage power
is achieved;

» considering the application field of the
integrated circuits, namely devices that
require making trade-offs between improv-
ing power and improving delays, it can
be said that the main advantage of the proj-
ect variant with different channel length
is a decrease of the static power consump-
tion. There is a significant scatter in val-

ues compared to the reference version: +
105% and — 42 % corresponding to L30
and L40nm.

Further analysis has shown how optimiza-
tion by cells with different channel length and
different threshold voltage values affects the
design (see Tables 2 and 3).
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Tabauya 2. Onmumusayus npoeKma a4eiKamu, UMeruumMu paztsle
3HA4eHUS NOP0208020 HANPANCeHUs, npu OruHe kanara L30 um

Table 2. Project optimization by cells with channel length L 30nm and
different values of threshold voltage

Tabauya 3. Onmumuzayus npoeKma s4eiUKamu, UMEIOWUMU Pa3Hble
3HA4eHUs NOP0208020 Hanpsicenus, npu oaure karnanra L40um

Table 3. Project optimization by cells with channel length L 40nm and
different values of threshold voltage

L30_LVT L30_RVT L30_HVT L40_LVT L40_RVT L40_HVT
F 118 % 105% 99 % F 102 % 99 % 99 %
Leakage power 369 % 121% 97% Leakage power 116 % 97% 97 %
Dynamic power 116 % 102 % 99 % Dynamic power 108 % 99 % 99 %
Total power 122% 103 % 99 % Total power 108 % 98 % 99 %
N o i
nLsT_ s
BT s
BT e
B e LT

* ONTUMU3AIUS MTPOEKTA sTYeiiKaMu, CONEPKANTUMU TOTBKO TPaH-
3UCTOPBI CO CTAHAAPTHBIM 3HAYEHUEM ITOPOTOBOTO HAIIPSIKEHU S,
HO C pa3jIMYHBIMU IJIMHAMK KaHaJIOB 9KOHOMHUYecku 3P dek-
TUBHA, TaK Kak st BHeapeHus B IpoekT HVT u LVT siueek TpeOyet
CO3[aHUsI IOMOJHUTEIbHBIX (DOTOIIA0TIOHOB, CTOUMOCTH KOTOPBIX
COCTaBJISIET OOJBIIKI MPOLIEHT OT 3aTPAT Ha BECh MapLIPYT pa3pa-
GOTKM MHTErPagbHOI CXEMBI.

J17151 GoJjiee TOYHOTO aHaM3a BCeX MOJTYYEHHBIX TaHHBIX HEO0OXO-
MO TIOJIYYUTh TPU KPUTUYHBIX MO MPOU3BOIUTEIBHOCTHU U TIOTpE-
GJIsieMOil MOIITHOCTY BapuaHTa An3aiiHa. JIst 3Toro mpoaHaansupyem
BapuaHThI, MOCTpoeHHbIe Ha siueiikax ¢ L30 LVT u L40 HVT, u Bapu-
aHT, mocTpoeHHbIN HAa L30 LVT u L40 HVT (ta6n. 4)

Wcxons u3 mosrydeHHBIX TaHHBIX, HAUOObIIEH MTPOU3BOIUTEIBHO-
CThIO 00JIaaeT MpoeKT, mocTpoeHHbIit Ha L30 LVT (+30 % 1o cpaBHe-
Hutw ¢ L35 RVT), HO 3HAUUTENbHO yXyALIAeTCs SHEPTOMOTPebIeHe
Ha 746 %. Hawtydiinm sHepromnotpedaeHreM 061a1aeT MPOeKT, MOCTPO-
eHHblii Ha L40 HVT, a uMeHHO, yMEeHbIIIEHE MOIIIHOCTU YTeYKH Ha 82 %
no cpaBHeHM10 ¢ L35 RVT, Ho TakXe Hab1omaeTcs yXyaleHUe mporu3Bo-
nutenbHocTH Ha 17 %. Haunydimum perieHneM B ITaHe TPOM3BOIUTE b-
HOCTHU Y SHEPrornoTpedseHus sIBJsIeTCS BApUAHT, MOCTpOoeHHbIH Ha L30
LVT u L40 HVT stueiikax. B taHHOM ciTy4ae UIET MOBBIICHUE TTPOU3BO-
TMUTETLHOCTU Ha 26 % W CHYKEHUE dHepromoTpedaeHus Ha 18 %.

O00611asg BhIIECKAa3aHHOE, MOXHO CJ€JlaTh BbIBOA, UYTO JIJS
KapAWHaIbHOTO M3MEHEHUS MapaMeTPOB MPOM3BOMUTETbHOCTH

In case of design optimization by cells
built on transistors with 30nm channel length
and a low threshold voltage, the performance
isincreased by 18 %, whereas the power is greater
almost by 4 fold (396 % relative to the basic
implementation of the project). However, opti-
mization by HVT cells within the same channel
length leads to performance degradation by 1%
and leakage power increase by 3 %. During the
project optimization by cells built on transis-
tors with a channel of 40nm and having differ-
ent threshold voltage values, it has been revealed
that optimizing the LVT project with cells
almost does not increase the performance and
power consumption, just like the case of HVT
cells. It may be explained by small percentage
of the cells used when optimizing the project.

Summarizing obtained data, it is possible
to make the following conclusions:

» the most dramatic changes of the project
parameters for the optimization by LVT

and HVT cells will occur, if the percentage

of cells during the synthesis flow exceeds

20 % of the total. Otherwise, the use of LVT

and HVT cells does not provide significant

advantages;

= the project optimization by cells, contain-
ing only transistors with standard value
of threshold voltage, but with different
channel lengths is economically effec-
tive. The implementation of HVT and LVT
cells requires additional photolithographic
mask creation, which can significantly
increase the cost of the whole IC develop-
ment flow.

For a more precise analysis, it is necessary
to obtain three design options critical for per-
formance and power consumption. For this
purpose, let us analyse all the variants built
up on L30 LVT and L40 HVT cells and the
variant built up on L30 LVT and L40 HVT
cells (Table 4).

According to the data obtained, the proj-
ect based on the L30 LVT has the highest

performance (+30 % compared to the L35
RVT), but the power consumption is signifi-
cantly increased (by 746 %). The lowest energy
consumption has the project built on the
L40 HVT — leakage power reduced by 82 %
as compared to the L35 RVT. But there is also
the performance degradation by 17 %. The best
solution for performance and power consump-
tion is a design built on L30 LVT and L40
HVT cells. In this case performance improves
by 26 % and power consumption is reduced
by 18 %.

Summarizing the above, in order to change
parameters of productivity and power con-
sumption radically it is necessary to use LVT
cells to optimize delays on critical paths, and
HVT cells to optimize performance on non-
critical paths to reduce static power, since the
use of cells built on transistors with different
channel lengths does not provide significant
advantages for important parameters of the
circuit. In adapting the existing design flow




U1 9HEPrornoTpedseHust HeoOXoauMo ucnoyb3oBaTbh LVT sgueiiku, s

ONTUMU3ALMY KPUTUIHBIX TI0 ObicTpoaeiicTBuio myTeit 1 HVT sueitku
JUUTSE OITUMU3ALIMY HEKPUTUYHBIX, B TIJIaHE OBICTPONSHCTBUS, TTyTEM, 15T
YMEHbILIEHMSI CTATUYECKONM MOIIHOCTH, TaK KaK MCIOJIb30BaHUE SYeeK,

MOCTPOEHHBIX HA TPAH3UCTOPAX C Pa3JIMYHOM AJIMHOI KaHaa, He JaeT

3HAYMTEJIbHBIX MPEUMYIIECTB MPHU OlICHKEe Hanbosiee BaxKHBIX Mapame-

TpoB cxeMbl. [1pu aganTauuu yxe MMEIOLIErocss MapupyTa mpoeKTUpo-

BaHMS nof TexHosornyeckuii npouecc TSMC28HPC+, yuurbiBaics Tot

(akT, 4TO M3HAYAIBHO HEOOXOAMMO MPEIOCTABUTH MHXKEHEPY BO3MOX-

HOCTb peajin3aliu 3-X OCHOBHBIX BapMaHTOB IM3aitHa (TabJl. 5), a MMEHHO:

* pedepeHCHBI, 00agaUINil KOMITPOMUCCOM MEXIY SHEPromno-
TpeOJIeHUEM U ITPOU3BOAUTEIbHOCTHIO;

* CBEPXPKOHOMMYHBIN BapuaHT, 00JIafalolInii HU3KUM 3HEPromno-
TpebeHreM ¢ HauMeHblIlIelt moTepeii ObICTPOAeHCTBUS;

*  BBICOKOIPOM3BOAUTEbHBII, 00JaTa0NINIT HAaWTyY el TPOU3BO-
NUTEJTbHOCTHIO, IPU 3TOM ONTUMU3UPOBAHHBIN MO CTATUYECKOM
MOIIIHOCTH.

CaMblii TPOM3BOAUTEIbHBII BApUAHT HE YUUTHIBAJICS 11O TPUYMHE
HEeCopa3MEPHOIo poCTa MPOU3BOAUTEILHOCTU U MOTPeOIsIEMOii MOIII-
HOCTH.

JlaHHbIe Bapualiy MO3BOJISIOT MOJIb30BATE 0 BHIOMPATh HYXKHY IO
MMIIJIEMEHTALIMIO B 3aBUCUMOCTU OT TEXHUYECKOTO 3aJaHUsl, YUYUThI-
Bas 00JaCTh UCIIOJb30BAHUS MHTETPAJIbHON CXEMBbI U UCXOIS U3 9KO-
HOMMUYECKOI peaan3aluu MPoeKTa.

TOIIOAOI'MYECKOE PASMENIEHUE AYEEK

U TPACCUPOBKA ME)KCOEAI/IHEHI/Iﬁ

CorjlacHO TeXHUUYECKO TOKYMEHTALlMK TpOn3BoAnTeN [3], B pamKax
OIHOI GMOIMOTEKU CTAHAAPTHBIX JIEMEHTOB CYLIECTBYET HECKOJIBKO
Bapuallvii OMHOM sTYE KM, OTIIMYAIOIIMXCS TEXHOJOTMUYECKUMU Mapa-
MeTpaMu. TakuM 006pa3oM, B paMKax yxe pa3paboTaHHOro MaplipyTa
TOIOJOTMYECKOro MPOEKTUPOBAHUSI €CTh JOMOJHUTEIbHBIE BO3MOX-
HOCTH IIJIsl BIMSTHUSI HA COOTHOLIEHWE MPOU3BOAMTEIBHOCTb/9HEP-
ronoTpebJieHne, a TAaKKe PSiJ TOIXO0MA0B, TTO3BOJISIIOIIUX YMEHBIIUTH
KoJun4ecTBO BO3MOXHBIX DRC HapylieHuii 1 ob1iee BpemMs CUHTe3a

for the TSMC28HPC+ process, we have con-
sidered the fact that it was necessary to pro-

I/I3AEAI/IH MHUKPOSAEKTPOHUKH OBIIEIO N
CITETUAAN3HNPOBAHHOI'O HASHAYEHUA

STANDARD CELLS PLACEMENT
AND ROUTING FLOWS

Tabauya 4. Cpagnumenvras XapaKkmepucmurka KpUMu4HsLX no RPouU3-
800uUmMeNbHOCMU U SHepeonompebaeHur eapuanmos oaoxka int_mult _div
Table 4. Comparative characteristics of critical options for the int_mult _div

block performance and power consumption

L30_LVT_
L30 LVT  OPT L40_  L40_LVT
HVT
F 130 % 126 % 83 %
Leakage power 846 % 82% 19 %
Dynamic power 160 % 158 % 100 %
Total power 175 % 172 % 99 %

Tabauya 5. Peasusayus 0cHO8HbIX 8APUAHMOE OU3ATIHA, 001A0AOWUX HAl~
AYHUUMU COOMHOUWEHUSMU NPOU3BO0UMENLHOCMb/IHepeonompelieHue

Table 5. Implementation of main design options with best performance/power
efficiency ratio

L30_LVT_
L35_RVT L40_HVT L40_HVT
F 100 % 126 % 83%
Leakage power 100 % 82% 19%

tonosnoruu. Cunres nposonuics B CAITP INNOVUS™. Nns npo-

BEPKU BIUSHUS BBIIIEYTTOMSHYTBIX OTMILIMI TeXIIpollecca Ha peann3a-

LMo 3a1aHHOrO OJi0Ka int_mult_div Bce Bapualimu CTaHAapTHBIX sSTueeK

ObLIM pa30OUTHI HA 5 YCIOBHBIX TPYIIIT:

1. BazoBas peanuszalus 6e3 UCIOJb30BaHUS CIlELMaTbHBIX Bapu-
AHTOB JIOTMYECKUX 2JIEMEHTOB, Ha KOTOPY10 B JaJibHelileM Oynet
MPOU3BOIUTHLCSI HOPMUPOBKA MOJYyUYEHHBIX PE3YIbTaTOB.

2. Peanuszauusd c ucnosnb3zoBanuem siueek OPT. M3 onucaHus, npu-
BEJICHHOI0 B JIOKYMEHTAalUu [3], MOXXHO CeIaTh IPEaIoIoXeHue,
YTO MPUMEHEHME TPYTITBI TaHHBIX SIY€CK IMO3BOJIUT COKPATUTh

2. Implementation using OPT cells.
According to the manufacturer’s descrip-

vide the engineer with a possibility of imple-

menting three main design variants (Table 5),

namely:

« reference variant providing trade-off
between power consumption and perfor-
mance;

* super-economical variant providing low
power consumption with minimal perfor-
mance loss;

* high-performance variant providing best
performance and optimized by static power.
Maximum performance variant has not

been considered due to disproportionate

growth of power consumption.

These variants allow the user to choose
the required implementation variant
depending on the technical design specifica-
tion, considering the integrated circuit pur-
pose and economic implementation of the
project.

According to manufacturer’s technical docu-
mentation”, within the standard cells library,
there exist several variations of one cell, dif-
fering in technological parameters. So, within
already developed topological design flow
there are additional possibilities of influenc-
ing the performance/power consumption ratio.

Also there is a number of approaches that allow

reducing the number of possible DRC vio-

lations and total physical synthesis runtime.

Physical synthesis has been performed in EDA

Innovus'. To test the influence of above men-

tioned technological process options on the

implementation of the int_mult_div block, all

standard cells variations were divided into 5

conditional groups:

1. Reference implementation without spe-
cial variations of standard cells, which
will be used to normalize the obtained
results.

tion [3], it is possible to assume that appli-
cation of this group of cells will reduce
the number of DRC violations associated
with impossibility of routing cells inter-
connections.

3. Implementation using P, HP and M cells.
According to the technical documentation,
the use of these elements leads to a tim-
ing performance improvement by reducing
inputs delays.

4. Implementation using all available cells
(OPT, P, HP, M, all variations of R).
It is possible to assume that this variation
of the block will provide best timing per-
formance, as well as minimal cell’s place-
ment density. In addition, the reduction
of the total number of cells used in the
physical synthesis flow can significantly
reduce the static power consumption of the

entire design. A major disadvantage of this
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KoJquuyecTBO Bo3HMKatimux DRC Hapy-
IIEHU 1, CBA3aHHBIX C HEBO3MOXHOCTBIO
TPACCUPOBKU IIEMEHTOB U YBEAUUYUTH
OOIILYIO MJIOTHOCTD PACIIOIOXEHU ST sTYeeK.

3. Peanuzanus ¢ ucronb3oBanuem P, HP u M
styeeK. COrIacHO TeXHUYECKOM TOKYMEH-
Tauuu [3], ucrosb30BaHUE AJaHHBIX Je-
MEHTOB BeIeT K YIYYIICHHUIO BPEMEHHBIX
XapaKTePUCTUK, MYyTeM YMEHBIICHU S
3aJIepKeK M0 HEKOTOPBIM BXOJaM.

4. Peanusauus ¢ MCMOJb30BAHUEM BCEX
noctymHbix siueek (OPT, P, HP, M, Bce
Bapuauuu R). B coorBeTcTBUU ¢ omuca-
HUEM JaHHBIX OMOJIKOTEK [3] MOXKHO cre-
JIaTh MPEATNOIOKEeHUE, YTO JaHHAs Bapua-
LIS Tonojoruu 6;10ka Oyiet o61a1aTh 1yd-
LIUMU BPEMEHHBIMU XapaKTepUCTUKAMU,
a TakXe HaMMeHbIIEeH MIOTHOCTbIO pa3-
MelleHust 27eMeHToB. KpoMe Toro, yMeHb-
LIeHMe O0ILero yucia siyeek, UCMoab30-
BaHHBIX ITPU CUHTE3€¢ TOMOJIOTHHU, MOXET

3HAYUTEJIBHO YMEHBIIUTh CTATMYECKYIO MOTPEOISIEMYIO MOIIHOCTD
Bcero 6;10ka B 11esioM. CyIIecTBEeHHBIM HeIOCTaTKOM NaHHOI Bapua-
IV Y STBJISICTCS] 3HAYUTENIBHOE YBETMUYCHE BPEMEHU CUHTE3a.

S. Peanusanus c ucnonb3oBaHueM Beex siueek, kpome OPT (P, HP, M,
Bce Bapuanuu R). [Ipenmonaraercs, 4To naHHas Bapuaius oynet
00anaTh IPpEeUMYyILIECTBAMY BapuaHTa 4, T.€. yIyYIIEeHHBIMU Bpe-
MEHHBIMU XapaKTePUCTUKAMU, YMEHbBIIEHHOI CTaTUYECKO MOIII-
HOCTBIO MOTPeOIEHU S 110 CPaBHEHMIO ¢ 6a30BbIM BapuaHTOM. M B TO
K€ BpeMsl BO3MOXXHO yBeJIMUEHME KOJIMYecTBa BodHUKawIux DRC
HapyLIeHU I 1 BpeMEeHHU BBITIOJHEHMSI TOMOJIOTMYECKOro CUHTE3a.
1151 Gosiee MOJTHOIO aHAAM3a BBEIEM OrpaHUMYEHUE Ha MJIOLalb

0J10Ka: 9TO HEOOXOIMMO JIJIs1 HAOTI0eHU s U3MEHEHU I B TIJIOTHOCTHU

pasMCUICHUA A4YECK.

I[IpoaHanu3upyeM TMOJydeHHBbIe pe3yabTaThl. g Bcex MATH
peanu3anuii ObIJIM HAJIOXEHBI JOBOJbHO XECTKUE OrpaHUYCHU ST

variation is a significant increase in the

physical synthesis runtime.

5. Implementation using all cells except

OPT (P, HP, M, all variations of R).
It is assumed that this variation will have
the advantages over variant 4, i.e. improved
timing, reduced static power consumption
compared to the reference variant. Besides,
there may be an increase in DRC violations
and in the runtime of physical synthesis.

For more complete analysis, additional
constraints on block area should be added —
to observe changes in the cells placement
density.

For all five implementations, strict timing
constraints (Tclk = 0.4ns) have been imposed.
Thus, it can be assumed that the design flow
has been focused precisely on the timing per-
formance. It should be noted that the basic
implementation of the block has the larg-
est number of elements and has almost the

Tabauya 6. CpagHeHue OMHOCUMENbHO20 UBMEHEHUS NAPAMEMPO8 8APUAHINOG PeArUu3ayuU

int_mult_div

Table 6. Comparing relative changes in parameters of int_mult_div implementation variants

ITnoTHOCTH
[ 4% 0% —2% —2%
Konunuecto DRC HapyieHuit
Number of DRC violations —1% 3% % 53%
MunumanbHbii nepuoa CLK
Minimal CLK period B 5 R I
CTaTI/I‘{SeCK.aH MOIITHOCTh HOTpe6neHHﬂ 4% 1% 2%
tatic power consumption
IMonnast HOTpeGHf‘IeM?.H MOIIHOCT 0% 0% 1% 1%
Total power consumption
Bperé BBITO/IHEHMs CHHTE3a 18% 241% 214%
ynthesis runtime
ITamsiTh, ucnonb3oBanHass CAITP
Memory used by CAD 1% 4% 6%

Ha BpEMEHHBbIE XapaKTepUCTUKU. TaKuM 00pa3omM, MOKHO CUMTATh,
YTO TaHHBIN MapUIPyT MPOEKTUPOBAHU S OB OPUEHTUPOBAH UMEHHO
Ha YaCTOTHBIE XapakTepucTuku. Cienyet OTMETUTD, UYTO Oa3oBas pea-
nu3anus 6J0Ka MMeeT HauboJIbIlee KOJTUISCTBO 2JIEMEHTOB 1 00J1a-
JaeT MPaKTHYeCKH HAMOOJIbIIEH MIOTHOCTHIO PA3MEICHUS STYCEK BHY-
TPH 3aJaHHO# ToIaau 6oka. [IpumeyaresbHO, 4YTO peanu3anus 6e3
orpaHuYeHU i BbIOOpa stueek Ha 2 % MeHble 6a30Boii. [laHHbIN (hakT
00BSICHSIETCSI BO3MOXHOCTBIO TIPUMEHEHHUS Y€K C HAUJYULIUMU
BPEMEHHBIMU XapaKTePUCTUKAMU U COOTBETCTBEHHO YMEHBIICHUEM
0o01Iero KoJMyecTBa 3JeMEHTOB, B TO BpeMsl Kak B 0a30B0Oii peaiun3a-
LMY TTOSIBIISIETCS] HEOOXOAMMOCTb ITOCTAHOBK Y TOMOTHUTENbHBIX Oyde-
pOB /11t 06ecreueH M st HEOOXOMMBbIX 3aJiepKeK HapacTaHUs CUTHAJIOB.

Kpome Toro, yuutsiBajoch KoiauyecTBo HapyueHuit DRC.

biggest cell placement density within a given
block area. It is noteworthy that the block
area of implementation without constraints
is 2% less than the reference one. This fact can
be explained by a possibility of using cells with
the best timing performance and as a result the
total elements number has been reduced, while
in the reference implementation it is necessary
to add additional buffers for improving STA
(Static Timing Analysis).

Besides, the number of DRC violations has
also been taken into account. So, a significant
increase in the number of errors for the 4th
variant is observed, i.e. a 79 % increase in viola-
tions compared to the reference variant. More-
over, the number of DRC errors for block vari-
ation with OPT cells is reduced by 14 % com-
pared to the reference variant, just like it has
been predicted. A larger number of DRC vio-
lations do not necessarily lead to a degradation

of the design properties, but it results in the

Tak, MOXHO OTMETHUTB CYIIECTBEHHOE YBEIMYCHUE KOTUYESCTBA O M-
OOK j11s1 4-T0 BapUaHTa, T. €. yBeJUYEeHUE COCTaBUIIO 79 % 110 CPaBHEHUIO

need to correct such errors, which can result
in significant time costs during the design
flow. Power consumption for all the variants
except the second one has remained without
notable changes. For the second variation,
static power consumption increased by 6 %
which leads to an increase in total power con-
sumption by 12 %. Besides, for the third vari-
ant, an insignificant reduction of static power
consumption by 4 % can be observed.

In addition, the synthesis runtime of each
block has been analyzed. A significant increase
in execution time should be noted for the
fourth variation (by 241%), as well as for varia-
tion not using OPT cells (by 214 %).

To sum up, the following conclusions
should be made:

* The previously made conclusion has been
confirmed, the use of OPT cells resulted
in a reduction of DRC-related violations
by 14 % due to wires routing in the first




¢ 6a3oBoii Bapuanueii. Kpome toro, nis Bapuanuu ¢ OPT sueiikamu

oTMeuaeTcst ymeHblneHue konrndectsa DRC omnboxk Ha 14 % 1o cpaBHe-

HUIO C 6230BbIM BApUAHTOM, UTO COTJIACYETCS C BHIABUHYTHIM YTBEPXK-

NeHueM. YBeaudeHue yucia HapyueHuit DRC HeoOs13aTeibHO BeleT

K YXYIUIEHUIO XapaKTepUCTUK Au3aiiHa, HO TPUBOLUT K HEOOXOIUMO-

CTH UCIIPABJISITh BO3HUKAIOIME OIIMOKH, YTO BeeT K 3HAUYUTEIbHBIM

BPEMEHHBIM 3aTpaTaM B Ipoliecce MPOEKTUPOBAHUSL.

IoTpebisiemMast MOLLHOCTD AJ1s1 BCEX BapHaLllii KpoMe 2-# MpakTUYECKU

He u3MeHuIach. 11 BTOpoii Bapuaiuu ooiast motpediisieMast MOIITHOCTh

yBeJqunumniach Ha 12 %, a craTudyeckast COCTaBISIOMAs TOTPeOJIEHUS —

Ha 6 %. [ToMrMO TOTO, IJIST TPETHETO BapUaHTa MOKHO OTMETUTh HE3HAY-

TEJIBHOE YMEHbIIIEHHE CTATHYECKOI MOIIIHOCTH OTpebeH s Ha 4 %.
JIoTIOJTHUTEIBHO OBLJIO MTPOAHAJIN3UPOBAHO BPEMsI CUHTE3a KaX-

noro 13 6;10KoB. CiieyeT OTMETUTD CYIIECTBEHHOE YBEIUUEHME Bpe-

MEHWU BBITIOTHEHW ST — 7151 Bapualuu 6e3 orpaHu4YeHus BBIOOpa siueeK

241%, a takke Bapuaunu 6e3 ucrnoib3obanus OPT siueek 214 %.
[TonyuyeHHbIe TaHHbIE TO3BOJSIOT CAEIaTh CJEAYIOLIE BbIBObI:

* BBIABUHYTOE BbILIE MPENOI0XEHUE MOATBEPAUIIOCH, UCITONB30-
BaHue OPT siueek npuBeso K CHUXEHUIO KOJIMYECTBA BOSHUKAIO-
mux DRC Hapymenuii Ha 14 %, cBSI3aHHBIX C TPACCUPOBKOM B TIep-
BBIX IBYX CJTOsIX MeTaJlJIoB. C IpyTroif CTOPOHBI, 3TO IMPUBEJIO K YBE-
JIMUEHUIO TTOTPeldigseMoiit MomHocTH Ha 12 %. 1lenecooGpa3HOCTh
MPUMEHEHU I JAHHOTO TTOX0/1a 3aBUCUT OT 3a/1a4, TOCTaBJIEHHBIX
Tiepesi MapiIpyToM MPOEeKTUPOBAHUS.

* BKPUTUYHBIX, C TOYKY 3PEHUST BDEMEHHBIX XapaKTePUCTUK, CITydasx
CAITIP moxeT ucnojib30BaTh pa3indHble Bapuauuu syeek P, HP,
M, RE, 4T0 B KOHEUHOM UTOT€ MMO3BOJISIET CYLIECTBEHHO COKPATUTh
MJIOTHOCTD U MOTPEOISIEMYIO MOLTHOCTD, B TOM YHCJIe MOLITHOCTD CTa-
TUYECKOro NMoTpedaeHus. Bce 3T0 MOXKHO OOBSICHUTD OTCYTCTBUEM
HE0OXOIMMOCTH NMOCTAHOBKHU JOMOJHUTEIbHBIX OydhepoB U, cieno-
BaTeJbHO, ONITUMU3ALMEN Pa3MEPOB sIUeeK, UTO B KOHEUHOM UTOre
MO3BOJISIET 00eCeYnTh 3aJaHHbIe BPEMEHHBbIE XapaKTePUCTUKU.
I1aBHBIM HETOCTATKOM TIPUMEHEHW ST JaHHBIX BapUAIIUiA SIBISIETCS
CYyIIeCTBEHHOE YBeJIMUYEHNEe BpEeMEHU CUHTE3a TOMOJIOTUY 0JI0Ka
u konnvectBa DRC HapyuieHuit, 4To npu pazpaboTKe CIOXHBIX 0J10-
KOB MOXET BECOMO YBEJIMUUTH BPEMSI TPOSKTUPOBAHUSI.

I/I3AEAI/IH MHUKPOSAEKTPOHUKH OBIIEIO N
CITETUAAN3HNPOBAHHOI'O HASHAYEHUA

+ Takum o6pa3om, MO CPAaBHEHUIO C TEXHOJIOTUUYECKUMU HOPMaMU
TOTIOJIOTMYECKOTO MpoeKTrpoBanust TSMC65nm MOXHO OTMETUTH
MOSIBJICHUE ellle OONbIIero KOTUIYeCTBa OMIUI IJI1s1 U3MEHEHU ST
XapaKTEePUCTUK KaK B CTOPOHY yJIyUIIEHUSI DHEPTOMOTPeOIeH s,
TakK ¥ B CTOPOHY YJyUILIEHMsI BDEMEHHBIX XapaKTePUCTUK, a TAKXKe
YMEHbILIEHWsI TJIo1anu 6aoka.

» Hcnonb3oBaHKe BCex BO3ZMOXHBIX HAOOPOB s1UeeK BEeAET K CYLIEeCTBEH-
HOMY YBEJMYEHUIO BDEMEHU BHIMIOJHEHUSI CUHTE3a U KOJIMYeCcTBa
DRC Hapy1ieHuit, 4To, B CBOIO 0UY€pe/ib, BEAET K 3HAUUTEIBHOMY YBe-
JIMYEHWIO BPEMEHHU BBITIOJIHEH U S MapIIIPyTa TOMOJOTMYECKOTO TTPOeK-
tupoBaHus. [Ipu cuHTE3e cilenyeT BHUMATEIBHO MOIXOIUTH K BOIIPOCY
0 11eJ1eCO00Pa3HOCTU TPUMEHEHUST TeX UJIU UHBIX 2JIEMEHTOB.

3AKAIOYEHUWE

B nanHOI1 cTaTbe ObITM pacCMOTPEHBI OCHOBHBIE KJTIOUEBbIE MOMEHTBI
CXEeMOTEXHMYECKOTO U TOTIOJIOTMYECKOT0 MPOEKTUPOBAHUS 11O TEX-
Hosornyeckum HopMaM TSMC28nm. AHanu3 GUGIMOTEYHBIX sTYeeK
MO03BOJIMJI MHTETPUPOBATh B pa3pabOTaHHBI paHee MaplIpyT MPOeK-
tupoBaHuss CBUC HOBbIe acneKThl, HaMpaBJIeHHbIE Ha ONTUMU3ALUIO
TaKMX KPUTUYHBIX TAPaMETPOB, KaK OBICTPOJEIICTBIE U DHEPrONOTpe-
OseHue, Mpu MUHUMaJIbHOM KojinyectBe DRC HapyuieHuit u otcyr-
CTBUHU OIIMOOK TI0 BpEMEHU MPEyCTAHOBKY U yIePKaHUSI TAKTOBOTO
CHUT'HaJIa B XOJIe CTAaTUCTUYECKOTO BPEMEHHOI'0 aHaJIU3a B PErMCTPOBBIX
3JIeMEeHTaX KOMOMHAIIMOHHOM JTOTUKY. [loJydeHHbIe TaHHbBIE aKTy-
aJbHBI B cBeTe Oynymnx pabor HUMCU PAH.
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two metal layers. On the other hand, total .

power consumption has increased by 12 %.
The expediency of applying this variation
depends on the requirements for the design
flow.

In performance-critical cases, EDA can
use different variations of P, HP, M, RE
cells, which ultimately makes it possible
to significantly reduce the placement den-
sity and power consumption, including
the static power. It can be explained by the
absence of the need to place additional
buffers and, consequently, by optimiz-
ing the cell sizes, which ultimately allows

Thus, as compared to the TSMC65nm
design rules, there are even more options
for optimizing the design in two ways:
towards improving power consumption and
towards timing performance.

Using all possible sets of cells leads
to a significant increase in the synthesis
runtime and the number of DRC viola-
tions, which leads to a significant increase
in the design flow total development time.
The appropriateness of using certain ele-
ments in the synthesis should be most
carefully considered.

power consumption, with a minimum num-

ber of DRC violations and no errors in setup

and hold time during the static time analysis

in register elements of combinational logic.
The obtained data are especially relevant in the
light of future researches of the SRISA RAS.
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