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CopepxaHue / Content

. YTO Takoe PyHKLUMOHANbHO-LIe/IEBbIE CUCTEMDI.
. 3aKOHbI Pa3BUTUA PYHKUMOHANbHO-LeneBbix cnctem (3PPLC).
. JINHUN, NNOCKOCTU U NPOCTPAHCTBA PAa3BUTUA CUCTEM.

. JINHUN Pa3BUTUA ANA SINEKTPOHUKM.
. Mpnmepbl MUHUATIOPU3ALUK MO TNHUAM PA3BUTUA B I/IEKTPOHMUKMU.

What are functional target systems?
Set of Laws of evolution of functional-and-targeted systems (LEFTS).

Lines, planes and spaces of system development.

. Development lines for electronics.
Examples of miniaturization along the lines of development in electronics.
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dyHKUUOHaNbHO-LeneBasa cuctema /
Functional-target system

®PyHKUNOHaNbHO-LUEeeBaa cMcTeMa — 3TO cucTema, ChopMMpPOBaHHAA A5 BbINOJIHEHNA KOMIJIEKCa
nonesHbiX PYHKUMM U JOCTUKEHUS Lieneit B COOTBETCTBUM C TPeboBaHUAMM HAACUCTEM U
NPUHLUMNOM AenCcTBUA JaHHOMN CUCTEMDI.

dyHKUMOHaNbHO-UeneBaa cmctema popmmpyeTcs Ha OCHOBE CaMOOPraHM3aLUmMmn, ecTeCTBEHHOTo UK
NCKYyCCTBEHHOro oTbopa, nam B pesynbTaTe LeneHanpaBaeHHbIX 4eNCTBUN OAHOM U3 HAZCUCTEM.

K $YHKUMOHANbHO-LENEBbIM CUCTEMAM MOXHO OTHECTU BUONOrNMYECKME CUCTEMDI, TEXHUYECKUE
CUCTEMbI, COLMa/IbHbIE, SKOHOMUYECKME, HayUHble N APYrue CUCTEMDI.

« A functional-target system is a system formed to perform a set of useful functions and to
achieve goals in accordance with the requirements of supersystems and the operating
principle of this system.

« A functional-target system is formed on the basis of self-organization, natural or artificial
selection, or as a result of purposeful actions of one of the supersystems.

* Functional-target systems include biological systems, technical systems, social, economic,
scientific and other systems.
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3aKOH pa3BuUTUA PyHKLMOHaNbHO-Lenesbix cuctem (3PPLC) /
Laws of development of functional-target systems (LDFTS)

3aKOH pa3BUTMA PyHKUMOHaNbHO-Ueneson cuctembl (3PPLC) — 3To 06EKTUBHDBIN 3aKOH, B KOTOPOM OMKUCAHO
yCTOMYMBOE HanpasBaeHne 3BoNLMN GYHKLMOHANIbHO-LEe/1eBOM CUCTEMbI, 0becrneymBatoLlee NOBbILEHUE ee
KOHKYPEHTOCNOCOHOHOCTN HA YPOBHE CUCTEMHOrO puaoreHesa.

3aKOHbI pa3BUTUA GYHKLMOHANbHO-LENEBbIX CUCTEM BHYTPEHHE HE NPOTUBOPEUMBDLI. KaXKabli 3aKOH MOKeT
MMETb YTOYHEHMA B BUAE CNeACTBMN U3 3aKOHa.

Ha ocHoBe 3POLIC popmynmnpytotca AMHUK Pa3BUTUA PYHKLMOHANbHO-LENEBbBIX cMcTeM, pa3pabaTtbiBatoTca
METOAMNKN aHanm3a GyHKLUMOHANbHO-LENEBbIX CUCTEM M NPOrHO3UPOBAHUA UX PA3BUTUA.

Nepapxuna komnnekca 3PPLC nocTpoeHa Ha BEPXOBEHCTBE 3aKOHA CTPEMNEHUA K UAEANIbHOCTW.

® Law of development of functional-target system (LDFTS) is an objective law that describes a stable direction of
evolution of a functional-target system, which ensures an increase in its competitiveness at the level of systemic
phylogenesis.

® The laws of development of functional-target systems are not internally contradictory. Each law can have
clarifications in the form of consequences from the law.

® On the basis of the LDFTS, we can formulate lines of development of functional-target systems, and design
methods for analyzing functional-target systems and forecasting their development.

(]

The hierarchy of the LDFTS is built on the supremacy of the law of striving for ideality.

© 2025, TRIZ Developers Summit




CTpyKTypa KomnJ/ieKca 3aKOHOB pa3BUTUA PYHKLMOHA/IbHO-LeNeBbiX cuctem /
Scheme for laws of development of functional-target systems complex

 Cuctema TpeboBaHUI U Lenein Y ( System of requirements and )
goals
—> 1. 3akoH yBenmuenms crenenu N SE— ——> 1. Trends of increasing ideality €———
noeanbHoCcTU PYHKLMOHANbLHO- d functionality of systems
LierieBbIX CUCTEM an ne y
. J A\, J
A A
Passutne BsanmopgeiictBue C E:DIUE'DH Interaction with
CTPYKTYpPbI - - of system :
N e <> BHELWHeW cpeou < N eture <> external medium <
3aKoHbl 2-4 3akoHbl 3-7 Trends 2-4 Trends 5-7
[
Y \ 4
8. 3aKoH pa3BUTUA Yepe3 BO3HUKHOBEHHe 8. Trend of evolution through origination of
npoTUBOpeYun TpeboBaHUK U UX paspelleHue npu contradictions of requirements and resolving them
MOMOLLW NMPUHLMNOB pa3pelleHUs NPpoTUBOpPeYUU with the aid of principles for resolving contradictions
JIMHUM (NNOCKOCTN, NpOCTpPaHCTBAa) pasBUTUA Lines (planes, spaces) of evolution of
(pyHKUMOHaNbHO-LeneBblIX CUCTEM functional-and-targeted systems
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Cuctema TpeboBaHmnii U Uenen

Nepapxua 3POLC

1. 3aKOH yBenM4YeHUA cTerneHun
naeanbHOCTU (PYHKUMOHANBbHO-

PasBuTHE CTPYKTYPbI

LerneBblX CUCTEM

B3zaumopeiictBue C

CHUCTeMbl

-

2. 3aKoH nosrnHoTbl hopMUpoBaHUA
NpPUHUMNA OeWCTBUA ONA AOCTWKEHUA
uernen

Cnefncteue 2.1. NMNonHOTa KOMNOHEHT U OYHKLMIA.
Cnepncteue 2.2. MNoBbIlEHWE NPOBOAWMOCTH
NOTOKOB.

Cnegncteue 2.3. CornacoBaHue 1 CTPYKTYpu3auus
KOMMOHEHTOB, Nonen WU NPoLEecCcoB.

CnepgctBue 2.4. NonHoTa UCNonb3oBaHUA
npocTpaHcTBa: ToOYKa—NNMHWA—NNOCKOCTb—o6bem
Cnegcteue 2.5. Micnonb3oBaHne W NocTeneHHoe
BbITECHEHWE OOMNOMHAKLWMX CUCTEM, B YACTHOCTH,
ans TC aTo BelTEeCHEHWE YernoBeka

Cnepncteue 2.6. PopMmupoBaHMe UHCTPYMEHTOB
TOPMOXKEHUA U 0BpaTHOW CBA3N.

3. 3aKoH pa3BepTbiBaHUA U CBepPThbIBaHWA
KOMIMOHEHTOB W (PYHKLIMA CUCTEMBbI

4. 3aKOH NOBLIWEHWA yNpaBNnAeMOCTU U
\‘ OUHaMMW3aLlMUn CUCTeM

BHeLlHel cpenoi

5. 3aKoH nepexona B HaACUCTEMbI

\4

Cnegcteue 5.1. O6beguHeHne ¢ TakMMK >Ke Unu apyrumii

Cnegctere 5.2. YBenuueHne agppeKTUBHOCTU TUPaXKNPOBaHUA

OT NNTOBLIX K NPOU3BOOHLIM, OT OCBOEHHbLIX K HOBbIM

Cnegcteue 6.1. NpuMeHEHWEe KOMMOHEHTOE (BELWECTE U NONen).
CnepgcTeire 6.2. Ana TexHWKW. MNepexoq Ha MUKPOYPOBEHL.
Cnegcteue 6.3. Ana TeXHWKW. YX04 OT 3EMHbIX YCMOBUIA.

7. 3aKkoH chopMMpoOBaHUA WU Ppa3BUTUA OOMONHAKOLWMNX,
anbTepHaTUBHLIX U KOHKYPUPYHOLWMWX CUCTEM U
B3aUMOOEWUCTBUA C HUMM

8. 3aKkoH chopMMpoOBaHUA U pa3BUTUA NporpamMmm

(TexHonormMi) OercTBMIA ONA OOCTMXKEHUA Lenu

6. 3aKoH nocnegoBaTernibHOCTU B NPUMEHEHUU PecypcoB U
MX NapamMeTpoB: OT NMerkKko OOCTYIMNHbIX K TPYOHO OOCTYIMHbIM,

J/

A
A ("
cUucTEemMamMu
<>
I o - I
v ¥

9. 3aKoH pa3BuUTUA (hYHKLIMOHANbHO-LIeNeBbIX CUCTEM Yepe3 BO3HMKHOBEHME NMPOoTUBOpeYur TpeGoBaHMN U MX
paspelleHne Npu NOMOLUW MPUHLIMMOB paspelleHUs NPOoTUBOPEeYnn

JIHUM (NNOCKOCTU, NPOCTPAHCTBA) Pa3sBUTUA (PYHKLMOHANbHO-LeNeBbIX CUCTEM

L1. JluHMA BBEOEHMA 2/1EMEHTOR (BELLecTB)

L2. /TMHUA BBEAEHUA U PAa3BUTUA NONEM B3aUMOAENCTBUSA

L3. JluHmA gpobneHnAa n guHammsaumm
L4. JIMHMKM cornacoBaHMA-pPaccoriacoBaHMA n
CTPYKTYpPM3aLU MK
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L5. JInHuA «moHO — BM — NoAu — cBEPTbIBaHME»
L6. JIMHUM KONNEKTUBHO-MHAMBMAYANBHOTO
MCMNO/Ib30BaHUA CUCTEM

L7. JInHWA pa3BMTUA No S-06pa3HON KPpMBON

D=/

KomMmnnekc
3aKOHOB
pa3BUTUSA
dyHKLUMNOHANbHO-
LerieBblX CUCTEM
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(System of requirements and goals Hierarchy of TEFS

1. Trend of increasing ideality
’L of functional-and-targeted

Evolution of system systems Interaction with
structure A external
’r . \ ( environimernt \
2. Trend of completeness of forming the 5. Trend of transition to supersystems
operation principle for attainment of the V persy Set o aws o
goals

Consequence 5.1. Integration with similar or other systems d I t f
Consequence 2.1. ComplBteness of components Consequence 5.2. Increase of efficiency of replication eve o p m e n o
and functions.
Consequence 2.2. Increase of conductivity of

e 6. Trend of succession in application of resources and their fu n Ctio n a I-ta rget

Consequence 2.3. coordination and structuring of parameters: from easily accessible to hard-to-get ones,

components, fields and processes. from ready to derivatives , from known to new ones

Consequence 2.4. Completeness of using space: ¢ t
point-line—plane—volume > Consequence 6.1. Application of meonents (substances and S S e m S
Consequence 2.5. Use and gradual pushing out of fields).

augmenting system, in particular, with TS this is Consequence 6.2. For technology. Transition to microlevel.

elimination of human involvement Consequence 6.3. For technology. Rejecting terrestrial conditions .

Consequence 2.6. Formation of tools for braking 7. Trend of formation and development of augmenting ,

and feedback .

alternative and competing systems and of interaction with

3.Trend of deployment and trimming of them

components and functions of the system Kk
8. Trend of formation and development of programs

4. Trend of in.cre.asing controllability and (technologies)of actions for attainment of the goal
dynamization of the systems Y, \_ Yy,

| |
v Y

9. Trend of evolution of functional-and-targeted systems through origination of contradictions of requirements
and resolving them with the aid of principles for resolving contradictions

Lines (planes, spaces) of evolution of functional-and-targeted systems

L1. Line of introducing elements (substances) L5. Line of «mono — bi — poly — trimming»
L2. Line of introduction and development of interaction fields L6. Lines of collective/individual use of systems
L3. Line of fragmentation and dynamization L7. Line of S-curve evolution

L4. Lines of coordination-discoordination and structuring

: A RS \ n .
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JInHum pa3sutna GyHKLMOHaNbHO-LeNneBbix cuctem /
Lines of development of functional-target systems

. Line of introducing elements (substances)
. Line of introduction and evolution of interaction fields

L1. /IuHuA BBEAEHMS 3neMeHTOB (Bel,ecTs)

L2. /InHnA BBEAEHUA U PAa3BUTMA NOEN B3aUMOAENCTBUA

L3. /InHna apobneHna n AMHamu3aumnm

L4. JInHUKM cornacoBaHMUA-PaACCOrnacoBaHMA N CTPYKTYypU3aLmnu

L5. JINHMA « MOHO — BU — NONIN — CBEPTbIBAHUEY

L6. /INHNN KONNEKTUBHO-UHANBUNAYANIBHOIO UCMO/Ib30BAHNA CUCTEM
L7. InHnA pa3sutua no S-o6pasHom KpuBow

L8. /InHMA nepexona Ha MUKPOYPOBEHb 11

L9. /InHnAa nepexona B HaACUCTEMDI 12

L10. /InHuA yxoaa oT 3€MHbIX YC/I0BUM 13

. Line of fragmentation and dynamization
L4,
L5.
L6.
L7.
L8.
LO.

Lines of coordination-discoordination and structuring
Line «mono — bi — poly — trimming»

Lines of collective and individual use of systems

Line of S-curve evolution

Line of transition to the micro level

Line of transition to supersystems

L10. Line of departure from earthly conditions

© 2025, TRIZ Developers Summit
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CsA3b Lenun, npmHuuna aemncresma n GyHKUumn cuctem /
Connection of goal, operating principle and functions

[ Lenb ] [ Goal ]

; ;

NMporpammbl gocTuUXKeHnaA Programs for attainment of
uenu c obpatHbiMuU cBA3AMMU the goal with feedback

] ;

KomnnaeKcbl npuHuunos [ Complexe:s °_f operation }
peuncrsma prmtiples
l Complexes of functions for
Komnnekcbl pyHKUMIA gna implementation of operation
BbINO/IHEHMA NPUHLMUNOB AeNCTBUA principles

[ ®YyHKUMMU cuctem ] [ Functions of the systems ]
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Mopaenb nMHuUKM passutua cuctem /
Model for line of system development

MoOdenb Ons kaxk0oli IUHUU pa3eumusi:

* K Kakum 3aKoHaM OmHOCUMCS JIUHUST pa3eumusi;
» Kakue npomusopedusi mpebosaHul paspewaem;
» K kakomy VIKP npubnuxaem ;

» Kakue waau usmeHeHul 8 cucmeme
npedycmampugaem (He MeHee 3-X Waz08
npubnuxeHusi K IKP )

Tpeb6oBaHue 1

Requirement 1

UKP
IFR

Model for each
development line:

What laws does the line of
development refer to;
What conflicting
requirements does it
resolve;

To which IFR does it lead;
What steps of changes in
the system does it
envisage (at least 3 steps
to IFR)

Tpeb6oBaHue 2

Requirement 2

© 2025, TRIZ Developers Summit




Mpumep: Paszsutna cuctemol « Mukpocxema» /
Example: Development of the “Microcircuit” system

MpoTtuBopeumne TpeboBaHnm
® EcnuvyBenmumBaTb CNOXKHOCTb M GYHKLMOHA/IbHOCTb 3N1EKTPOHHbIX YCTPOMUCTB, TO MOBbILLIAETCA UX
NPOM3BOAUTENBHOCTb U None3HocTb (TpeboBaHue 1: 3dPeKTUBHOCTb, MHOTODYHKLMOHANbHOCTb), HO
PACTyT aHepronoTpebneHne, TennoBblaesneHmne n ctoumocTtb (TpeboBaHue 2: sHepProapPeKTUBHOCTD,
KOMMAKTHOCTDb, Ha,ﬂle)KHOCTb).
NpeanbHbl KOHeUYHbIN pe3yabTaT (UKP)
®  3nekTpoHHblie KomnoHeHTbl CAMUN MUHUMU3UPYIOT SHepronoTpebaeHne v TensIoBblAe/IEHUE,
COXPaHAA BbICOKYHO MPOU3BOAUTENBHOCTb 6€3 YC/I0KHEHUA KOHCTPYKLUMN.
Conflicting requirements
* Increasing the complexity and functionality of electronic devices improves their performance
and usefulness (Requirement 1: efficiency, multifunctionality), but also increases energy
consumption, heat dissipation, and cost (Requirement 2: energy efficiency, compactness,
reliability).
ideal final result (IFR)
» Electronic components themselves minimize energy consumption and heat dissipation while
maintaining high performance without complicating the design.

72 Devetopos L\
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Mpumep: Paszsutna cuctemol « Mukpocxema» /
Example: Development of the “Microcircuit” system

MepeyeHb TMNOBbLIX LWAroB MO YCTPAHEHUIO NPOTUBOPEUYUA

®  OnTMmu3auuMa maTepuanos (nepexon oT BaKYyMHbIX 1aMIM K MOAYNPOBOAHUKAM).

®  MwuHuaTiopusauma (YymeHblLUeHMe pa3mepoB TPaH3MCTOPOB, 3aKoH Mypa).

® JHeproadpPeKTusHble apXUTEKTYPbI (HU3KOBO/IbTHbIE NPOLLECCOPbI, MHOTOAAEPHbIE CUCTEMDI).
®  WUcnonb3oBaHMe HOBbIX GUINYECKUX NPUHLMUNOB (KBAHTOBbIE BbIYUCAEHMUA, ONTOINEKTPOHUKA).
® ApanTuBHOe ynpasaeHue (AMHaMUYEeCcKoe peryimpoBaHmne YacToTbl U HanpsxKeHusa).

®  WHTerpayua B Hagcuctemy (o6n1auyHble BblYUCNEHUSA, pacnipeaeeHHble CUCTEMbI).

List of typical steps to resolve the contradiction

« Material optimization (transition from vacuum tubes to semiconductors).

« Miniaturization (reduction in transistor size, Moore's Law).

« Energy-efficient architectures (low-voltage processors, multi-core systems).
« Use of new physical principles (quantum computing, optoelectronics).

« Adaptive control (dynamic frequency and voltage regulation).

« Integration into a supersystem (cloud computing, distributed systems).

© 2025, TRIZ Developers Summit



I'Ipumep: Pa3sutuna cucremsl «Mquocxema» no HanpasaeHno MMHMNaTIopm3aumnu

Pa3BuTME NONYNPOBOAHUKOBOM NPOMbILLINEHHOCTU NPeAcTaBAAeT cOb0o KOMMNJIEKCHbI MHHOBALMOHHbIN NpoLuecc, NpoABUraloLLMncs oT
MaKPOCKOMUYECKOTo K MUKPOCKOMMUYECKOMY YPOBHIO M OT OTAE/bHbIX MPOPbIBOB K CUCTEMHOW MHTErpauumn. Huske npnseaeHbl TO/IbKO
OCHOBHbl€ TEXHOI0MMU MUHUATIOPM3aLLMKN HA YPOBHE KOMMNOHEHTOB C MOMEHTA NOABAEHUA TPAH3UCTOPA.

Top,
Ha3BaHue KirouyeBbie TeXHONOrMuU NUjaea1MHOCTb
pa3paboTKHu
MOSEET 1959 CosgaHve gByMepHbIX (2D) CTpyKTyp Ha KpeMHueBbiX nnactuHax | Cxema aTanoHHbIX nokasaTtenemn ans oueHKy nocreayrouero
ABIIETCA OCHOBOW UHTErpasbHbIX CXEM. TEXHOJIOrMYeCcKoro ngeanmsma.
HoctmxeHune 100-kpaTHOroO yMeHbLUEeHUS 3HaMeHaTerns 3a CHET «HYeBoro
Mcnonb3oBaHue nap TPaH3MCTOPOB p-TUNa U N-TUna 3Ha4YUTEsNbHO Lo
CMOS 1963 CTaTMYECKOro aHepronoTpebneHns» — BenMyanLnin CKavyok B UICTOPUN
CHWXaeT cTaTnyeckoe aHepronoTpebneHue.
naeannsauuu.
CHavana Beogutca ananektpuk HfO, ¢ BbICOKOW ANANEKTpU4ecKon - -
y BokoBass cTeHka C BbICOKOW [OU3NEKTPUYECKOM MPOHMLAEMOCTbIO
NPOHULAEMOCTbIO U MeTannn4yecku 3aTtBop, a 3aTeM BbIMNONHAETCH
yMeHbLUaeT yTeuky 3aTBopa B 100 pa3, coxpaHsis Npyu 3TOM HU3KOe BpeMS
HKMG 2007 pennukauunsi/cknevsaHme MeTOAOM aTOMHO-CIOEBOro  OCaXaeHus o
. okoH4aHusa (EOT), cHuxas gonyctumoe HanpsxkeHue Ha 20% un pacwmpsas
(ALD) gnsa paspylwweHus TyHHenbHoro 6apbepa SiO,, 4TO nossonser
- TEXHONOrM4eckoe OKHO.
O0CTUYb 9KBUBASIEHTHOW TOMLWUMHBI OKcnaa <1 HM.
[Mepexon TpaH3MCTOPOB OT ABYMEPHOW MIOCKOCTU K TPEeXmMepHOou . -
. pexon Tp P ABymEp P P TexHonorna 3D triple-gate ymeHbwaeT nognoporosbin pasmax ¢ 100
FinFET 2011 «pebpucTony CTPyKType YynydlwaeT TPEeXCTOPOHHUMA  KOHTPOSb
mB/oek go 70 mB/gek, oqgHOBPEMEHHO CHMXKAs HaNpPsXeHne 1 nnowagp.
3aTBOpa HaZ KaHasnoMm.
. YeTbipeXCTOPOHHMI 3aTBOpPp + HaHONMUCTOBOe wWTabenupoBaHue
GAA [anbHenwoe pa3sBuTre NO3BOMSET 3aTBOPY OKPYXKaTb KaHas Co BCEX
2022 N obecneynBalT nepByl TOMWMHY KaHana 3 HM NpU COXpaHeHUwu
Nanosheet YyeTblpex CTOPOH, obecneymBas MakCMMarnbHbI KOHTPOSIb Had TOKOM.
NOABWXHOCTW, LOMONHUTENbHO CHWXKaa HanpshkeHue B 0,7 pasa.
N- W  pP-CNOWHblE  CTPYKTYpbl  O0O0bEAUHEHbl  BepTuKanbHO, | OTO yMeHbllaeT nnowaab Ha 50% npu coxpaHeHUN YeTbIPEXCTOPOHHENO
CFET 2025-2030 | obecneunBas o6WMA UCTOK/CTOK W 3aTBOpP, YTO YCTpaHseT | ynpaBneHus 3aTBOpPOM, YyBenuuuBaeT ToOK ynpaeneHus Ha 20% wu
Heo6X04MMOCTb B U30IMPYHOLLEM 3a30p€ N-P-CIOWHOW CTPYKTYPHI. COBMECTUMO C NUTAHWEM OBBbEANHNTENBHOW NNaThl HA YPOBHE KpucTanna.
TonwmHa kaHana coctasnget 0,6-1,2 HM. YBennyeHO KBaHTOBOE
oD-CEET 2030+ BeBegeH MoHOCNOWHbIM KaHan MX,/rpacbeH C nocnegywowmMm | orpaHu4eHne, OLHOBPEMEHHO WCMONb3YTCA TexXHonormm obpaTHoro

BepPTUKalribHbIM CIMMAHNEM aTOMHbIX KPUCTAaJ1J10B n/p

NUTaAHUSA N YETbIPEXCTOPOHHErO 3aTBopa. ToK BO3OYXOEHUS YBENMUYEH Ha
30%, a noanoporoBbI padmax CHxeH Ao meHee 60 mB/gek.
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Example: Development of the "Microcircuit"” system in the
direction of miniaturization

® The development of the semiconductor industry is a complex innovation process, moving from the macroscopic
to the microscopic level and from individual breakthroughs to system integration. Below are just the main
technologies for component-level miniaturization since the advent of the transistor.
Year of : :
Name Key technologies |dealit
development y 9 y
MOSFET 1959 The cr_eatlon of two_-dlmer.13|onal (ZD). structures on silicon A benchmark scheme for evaluating subsequent technological idealism.
wafers is the foundation of integrated circuits.
Using pairs of p-type and n-type transistors significantly [ Achieving a 100-fold reduction in the denominator due to "zero static power" is
CMOS 1963 . . . : . o
reduces static power consumption. the greatest leap in the history of idealization.
First, a high-k HfO: dielectric + metal gate is introduced, : . : .
fMG | 2007 |oloved by eplcaloniALD sicking o brelcown e S0 | 1 NPk idewal reckoes ot e by 10l materingslow enc
tunneling barrier, achieving an equivalent oxide thickness of - 9 ge by o 9
<1 nm. process window.
The transition from & two-dimensional plane to a three- 3D triple-gate technology reduces the subthreshold swing from 100 mV/dec to
FInFET 2011 dimensional "ribbed" transistor structure improves the gate's ple-gate 9y . 9
. 70 mV/dec, simultaneously reducing voltage and area.
three-sided control over the channel.
GAA Further developments allow the gate to surround the channel | Four-sided gate + nanosheet stacking enables the first channel thickness of 3
2022 . . . ) o o )
Nanosheet on all four sides, providing maximum current control. nm while maintaining mobility, further reducing voltage by 0.7x..
The n- and p-sheets are vertically merged, sharing This reduces the area by 50% while maintaining four-sided gate control,
CFET 2025-2030 | the source/drain and gate, eliminating the planar n-p | increases the drive current by 20%, and is compatible with chip-level backplane
isolation gap. power supply.
The channel thickness is 0.6-1.2 nm. Quantum confinement is
oD-CFET 2030+ An MX,/graphene monolayer channel is introduced, followed | increased, and back-powered and four-sided gated technology are

by a vertical merging of n/p atomic crystals.

simultaneously used. The drive current is increased by 30%, and
the subthreshold swing is reduced to below 60 mV/dec.

© 2025, TRIZ Developers Summit




Mpumep: Pazsutua cuctemobl «Munkpocxema» no HanpasaeHUIO MUHUaTIOpu3auun/
Example: Development of the "Microcircuit" system in the direction of

miniaturization
Tpeb6oBaHue 1
Requirement 1
sssss Gm‘e:ﬁ»l\ll-ﬂmund‘Dmm
=
»
g
o -

2D-CFET

FinFET nrE
Drain
Gate BRI - -y
LY
pFET
i Source

TpeboBaHue 2

Requirement 2 FinFET
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Kntouesbie waru auHum / Key steps of the lines

L5. /InHMUA «MOHO — 61 — N0/ — CBEPTbIBAHME Y

MpoTtusBopeuune: Echm K cucteme A06aBUTb HOBble cucTeMbl, TO MOXKHO yBeNYNTb GYHKLMOHANbHOCTb U
BO3MOXHOCTM HOBOIo KomMmnaeKca, HO KomnaeKc yCAOXKHUTCS U NOTPebytoTca AONONHUTE IbHbIE pecypcbl

UKP: OTcyTcTBYtOLWLAA HOBaA gonosiHuTenbHasa cnctema CAMA yBennymsaet PyHKLUMOHANBbHOCTb U HOBbIE
BO3MOHOCTU 06 beAMHEHHOIrO KOMMNAEKCA CUCTEM

LS. Line «mono — bi — poly — trimming»

Contradiction: If new systems are added to the system, THEN it is possible to increase
functionality and opportunities of a new complex, HOWEVEr, the complex will be still more
complicated and additional resources will be required

IFR: Absent new additional system will ITSELF increase its functionality and enhances new
opportunities of united complex of systems.
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[Mepexop ot MOSFET kK CMOS

KnioueBble warm :

1.]06aBUTb K CUCTEME eLLle OAHY TaKyo Xe cuctemy (bucmncrtema); 2.106aBUTb K CUCTEME MHOTO TaKMX e CUCTEM
(nonncmncrema); 3.B oAMHAKOBBIX 06bEAMHEHHbIX CUCTEMAX AENAIOT PAa3HbIMU HEKOTOPbIE XapPaKTEPUCTUKN;
4.BmecTto 06beanHEHNA 0AMHAKOBbIX cMCTEM 0O6beAUHAOTCA pa3Hble cucTtembl; 5.06beanHAKTCA cMCTEMbI U
aHTUcUcTeMbl; 6.MHOro oaAMHaKOBbIX YacTer pPa3HbIX cMCTeEM 06beAMHAOTCA B OAUH 3/1eMeHT (YacTUyHoe
cBepTbiBaHMe); 7.Pa3BMBAtOTCA CBA3K MeX Ay 0bbegnHEHHbIMU cuctemamm; 8.CBepTbiBaHMe BU- U MOINCUCTEM B
MOHOCUCTEMY C BO3MOXHbIM NOBTOPEHUEM LMKNA 0O6pa3oBaHMA NOJUCUCTEM.

CMOS

.5 1 2 3 4 5 6 7 8
@—eo—o—o o —o—0o——o—0o—

MOSFET O6beguHsatoTe PasBuBatoTcs
1 CUCTEMbI U CBA3N Mexay L5. INHUS «MOHO — B —

aHTucuctembl  O6bEAMHEHH
bIMM noJin — ceBepTbiBaHUE»

cncremamm
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Transition from MOSFET to CMOS

Key steps:

1.Add to the system another system of this type (bi-system) ; 2.Add to the system many similar systems
(polysystem) ; 3.In similar integrated systems some characteristics are made different ; 4.Instead of
integrating similar systems different systems are integrated ; 5.Systems and antisystems are integrated ;
6.Many similar parts of different systems are integrated into one element (partial trimming) ; 7.Bonds
between integrated systems are developing ; 8.Trimming of bi- and polysystem into a monosystem with
possible repetition of a cycle of origination of a polysystem

LS 1 2 3 4 )

ObbeguHsaoTe PasBuBatoTcs

A CUCTEMDbI U CBA3N Mexny L5 HMHMH «MOHO — 6|/| _

aHTUcucTeMbl  0O6bEAUHEHH
bIMU noJin — ceBepTbiBaHNE»

cucremamm
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JINHUK, NNIOCKOCTU U NPOCTPAHCTBA pa3BUTUA cuctem /
Lines, planes and spaces of system development

UKP

e

IFR

Line of development 2
JTHuHgA pa3BuTua 2

JIHNHA pasBuTMA 1 Line of development 1
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JINHUK, NNOCKOCTU U NPOCTPAHCTBA pa3BuTUa cucrem /
Lines, planes and spaces of system de Eopment
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JINHUK, NNIOCKOCTU U NPOCTPAHCTBA pa3BUTUA cuctem /
Lines, planes and spaces of system development

Ocb aHanu3a o
npouecce
nponsBoAacTBa

MUKPOCXEMblI
The axis of

analysis about
the microchip
manufacturing
process

Hcmionp3oBaHIIe
VIIPABISIEMBIX ITOJIEiT
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JINHUK, NNIOCKOCTU U NPOCTPAHCTBA pa3BUTUA cuctem /
Lines, planes and spaces of system de\&e;opment
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JINHUK, NNIOCKOCTU U NPOCTPAHCTBA pa3BUTUA cuctem /
Lines, planes and spaces of system development

EIBHLRR

L ERES

KnoyeBble Ny
TexXHONormu TR IR

L8

ETFHERE
2D-CFET

MUHWaTIOpU3aLunmn .
MUKPOCXEM -
- CTpyKTypa MUKPOCXEMbI U ‘,w_c 4
Key technologies T POVSBOACTBA VO Lopinse y e
for r.nltcr(.)m;c.:mt mlcr:o?hlr: sr.trr]uctl:re and CTPYKTYPa MUKPOCXEMbI A
|
miniaturization utacturing process n npouecc npon3Boactesa U MatTepumarn CTpyKTypa MUKPOCXEMBbI
n matepuan

Microchip structure and
manufacturing process and
material L

Microchip structure and
material

LIS RR S

HRb S CTpyKTypa MMKpOCXeMbI

N NpoLecc NPoM3BOACTBA
TzmeEs Microchip structure and
manufacturing process

CTpyKTypa MUKPOCXEMbI
1 NpoLiecc Npon3BoACcTBa U MaTepuarn

Microchip structure and manufacturing
process and material

L5
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O6wue NMHUK pa3BUTUA CUCTEMbI MUKPOCXeMbl /
General lines of development of the microcircuit system

FinFET

S(2) and P(3) and [P
S(1) and P(3) M(2) o
CMOS .
HKMG FinFET
i g nFE -m::‘
-1 M(1) S(2) and P(3) % S(1) and M(1) -'w
FinFET GAA-Nanosheet CFET 2D-CFET
CTpyKTypa MUKPOCXEMbI : S (KONIMYECTBO nepexoaa NNHUN) Chip strycture + S (number of transi’gion Iines.).
MpoLece NPoM3BOACTBa : P (KONMYECTBO Nepexoaa nHMiA) Production process : P (pumber o.flllne transitions)
MaTepuan : M (KoNM4YecTBO Nepexosa MnHMii) Material : M (number of line transitions)
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3aKOH NnoBbilLleHUa naeanbHOCTU U S-obpasHoe passurtue /
The Law of Increasing Ideality and S-obpasHou Development

MPV

Bpems
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AHanuns3 no AMHuK S-obpasHoi Kpusoi /
S-curve analysis
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BbiBoabl / Conclusions

1. JINHUN, NNOCKOCTU M NPOCTPAHCTBA PA3BUTUA CUCTEM NMOSHOCTbIO COOTBETCTBYET PYyHAAMEHTANNbHOMY
NPUHUMNY pa3pelleHnsa NPOTUBOPEYUIN N NPOABUKEHMIO K NAEaNN3aLNMN;

2. JIMHUN, NNOCKOCTM M NPOCTPAHCTBA PA3BUTUA CUCTEM UANIOCTPUPYET UCTOPUYECKYIO TPAEKTOPUIO
Pa3BUTUA TEXHOJIOTMYECKUX CUCTEM B BUAE CXEMDbI;

3. 3Ta cXxeMa afeKBaTHO AEMOHCTPUPYET HEIMHENHOE Pa3BUTME TEXHONOMUI;

4. Takon HeEANHENHbIN popmaT npeacTtasneHmna bonee aPpPeKTMBHO CTUMYANPYET MHHOBALMOHHOE
MbILLJIEHNE M YKA3blBAET NOTEHLMA/IbHbIE HAaNPaBAEHUA Pa3BUTMUA B byayulem;

1. The lines, planes, and spaces of system development fully correspond to the fundamental
principle of resolving contradictions and moving toward idealization.

2. The lines, planes, and spaces of system development illustrate the historical trajectory of
technological systems in the form of a diagram.

3. This diagram adequately demonstrates the nonlinear development of technologies.

4. This nonlinear format of presentation more effectively stimulates innovative thinking and
indicates potential directions for future development; Translated with DeepL.com (free version)
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BbiBoabl / Conclusions

5. JInHUM, NIOCKOCTU U NPOCTPAHCTBA PA3BUTUA CUCTEM COMNACYOTCA C KOHUENUMEN NUHUWN Pa3BUTUA B
COOTBETCTBUMU C S-06pa3HOM KPUBOW;

6. Mpu NPOABUKEHNMN K UAEANIBHOMY KOHEYHOMY Pe3y/IbTaTy TEXHONIOTMYECKNE CUCTEMbI TaKXKe CneaytoT
JINHUIO S-06pa3HON, KOTOPas MOMKET BKAOYATb B ce6A HECKONbKO S-06pa3HbIX KPUBbIX;

7. MHTeI'paLI,l/IFI dHa/1In3a S—o6pa3Hoi/’1 I-(pVIBOVI B TMHUN, NTOCKOCTU U NPOCTPAHCTBA PA3BUTUA CNCTEM
obecneumBaeT bonee YETKYHO NANTKOCTPaULNO MHHOBAUUOHHOIO MbIC/ZINTE/IBHOTO NMPOoUeCCa.

5. The lines, planes, and spaces of system development are consistent with the concept of a line
of development in accordance with an S-curve evolution ;

6. As they move toward the ideal end result, technological systems also follow an S-shaped line,
which may include several S-shaped curves;

7. Integrating S-curve analysis into the lines, planes, and spaces of system development
provides a clearer illustration of the innovative thought process.

© 2025, TRIZ Developers Summit




SUMMIT
2025

TRI




SUMMIT
2025

TRI

THANK YOU!



	Слайд номер 1
	Слайд номер 2
	Содержание / Content
	Функционально-целевая система /�Functional-target system
	Закон развития функционально-целевых систем (ЗРФЦС) /� Laws of development of functional-target systems (LDFTS)
	Структура комплекса законов развития функционально-целевых систем / �Scheme for laws of development of functional-target systems complex
	Слайд номер 7
	Слайд номер 8
	Линии развития функционально-целевых систем /�Lines of development of functional-target systems
	Связь цели, принципа действия и функций систем / Connection of goal, operating principle and functions
	Модель линии развития систем /�Model for line of system development
	Пример: Развития системы «Микросхема» /�Example: Development of the “Microcircuit” system
	Пример: Развития системы «Микросхема» /�Example: Development of the “Microcircuit” system
	Пример: Развития системы «Микросхема» по направлению миниатюризации
	Example: Development of the "Microcircuit" system in the direction of miniaturization
	Пример: Развития системы «Микросхема» по направлению миниатюризации/�Example: Development of the "Microcircuit" system in the direction of miniaturization
	Ключевые шаги линии / Key steps of the lines
	Переход от MOSFET к CMOS
	Transition from MOSFET to CMOS
	Линии, плоскости и пространства развития систем /� Lines, planes and spaces of system development
	Линии, плоскости и пространства развития систем /� Lines, planes and spaces of system development
	Линии, плоскости и пространства развития систем /� Lines, planes and spaces of system development
	Линии, плоскости и пространства развития систем /� Lines, planes and spaces of system development
	Линии, плоскости и пространства развития систем /� Lines, planes and spaces of system development
	Общие линии развития системы микросхемы / General lines of development of the microcircuit system
	Закон повышения идеальности и S-образное развитие /�The Law of Increasing Ideality and S-образной  Development
	Анализ по линии S-образной кривой /�S-curve analysis
	Выводы / Conclusions
	Выводы / Conclusions
	Q&A
	Слайд номер 31

