NTornyeckue
3NIeMeHTbI




TpaH3MCTOP — OCHOBA YCTPOMCTBA KOMMNbIOTEpPA

Yucno TpaH3NCTOPOB B npoueccopax
* Intel Pentium Il: 7 mnH.
 ARM Cortex A9: 15 mMnH.
« Core i7 (4 agpa) 731 mMnH.

Jlornyecku TpaH3ncTop npeancrtaBnseT cooon BbIKNOYaTenb

Nx KomOuHauum no3BonsitoT CTPOUTL Normyeckune anemMeHTbl — U,
UINn, HE, ...

Ha norunyecknx anemeHTax CTPOSITCA YCTPOMCTBA — CyMMaTop,
MYJLTUNIIEKCOP, AeKoAep, perucTp

Ha nornyeckux yctpomcreax CTPOUTCSH NMpoLeccop
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Llenb ¢ BbIKNOYaTenem

BbiknoyaTenb pa3soMKHYT:
* TOKA HeT

* flamMna He ropuT
+V_ +1,5B

t

l ¥
1.5B C—) V Bbikno4vaTtenb 3dMKHYT.

— out TOK MAOET
- * nammna ropur
-V 0B
out

Takas uenb NpakTU4ecKkn oTpaxkaeT ABa COCTOAHUSA
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MOIl-TpaH3ucTop

MOI1 (MOS) = MeTann-okucen-nonynposoaHuk (Metal
Oxide Semiconductor)

 ABa TMna: N-KaHanbHble U P-KaHanbHbIE
N-KaHanbHbIU

.Ha 3aTBope (Gate) nonoxuTernbHoe HanpsXXeHune -
nnHnA 1-2 3aMKHyTa

Ha 3atBope 0 B — nuHuna 1-2 pasomkHyTa

Gate =1

#1

#2

BbIBOA, 2 NMOAKIHOYEH
K 3emne (0 B).



P-kaHanbHbIn MOIl1-TpaH3ucTop

P-kaHanbHbIU gononHseT N-kaHanbHbIU
* Ha 3aTBOpe MNOoJIOKUTEJIbHOE HanpAaXeHue -

nuHuAa 1-2 pasoMKHyTa 41
 Ha 3aTtBope 0B - 1
nuHuA 1-2 3aMKHyTa /
#2
Gate =1

Gate=0

BbiBog 1 noakntoveH
K nnTaHuio +5 B
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INTornyeckune BeHTUNU

Kak ucnonssosartb MOI-TpaH3ucTopbl Ansa
peanusauuun norn4yeckom onepauu HE

V15 V15

Vout=+5 Vout=+)5
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INTornyeckune BeHTUNU

Kak ucnonssosartb MOI-TpaH3ucTopbl Ansa
peanusauuun norn4yeckom onepauu HE

V +5 WV +5
Vout=0 Vout=0




NMornyeckue BeHTunun MOI

MNWU-HE !(aVb)

WV +5

Vout=
\ +5

WV +5

Vout

b

I(aVb)



NMornyeckue BeHTunun MOI

N-HE !(a&b)

WV +5

Vout=

b

l(a&b)



UuBeptop (HE) Ha TexHonorn KMOIT

YcTpaHaeT npobnemy Toka Ha 3eMrto T
T —'I P-type
_GI In=0— ¢t— Out=1
{ IN-type
In — — Out
A4
—l mabnuua
UucmuHHoOCcmu T

In Out In Out
=] i N-type
0B 5B 0 1

5B OB 1 0 3-10




Bentuno UJIN-HE !(AVB)

T A=0 e
A -+ 4 B=1t+— P
B+— —|:n

+——oc !

|
L |

CBepxy nocnegosarenbHasa CTPYKTYpa,
CHM3Y - napannenbHas 3-11




BeHTuno UM

81— — 0 1 1
I | —C 1 0 1
i | — 1 1 1

NJIN-HE ¢ uHeepmepom
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BeHtunbo U-HE (NAND)

AT 9

A4

Ceepxy napannenbHas CTpyKTypa
CHU3Y - nocrnegoBaTenbHas

A

B=

0

1—

3-13



BeHtuno U

-

A B C
O 0 O
o 1 0
1 0 O

1 1 1

N-HE ¢ uHeepmepom
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O0Oo03Ha4YeHne BeHTUNeu

AND NAND



BeHTUINM ¢ HeCKONMbKUMU BXogaMu

@:D_ D_ )

B -
C B %

5:}} -
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YnpaxHeHue 1
Peanusyem 3-onepaHgHbin BeHTUNb UJIN-HE Ha KMOI
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[MonHbIM HAbOpP Nornyeckux pyHKUNN

Jlerko BugeTb (TM), 4TO UMeeMbi HAOOpP BeHTUINEN
NO3BOSIET peannM3oBaTb JlOOY0 Tabnuuy UCTUHHOCTHU

A B C D i IT <
¢ IA&GB&ICVA&IB&C
O 0 0 O :
(@)

o 0 1 O
o 1 0 1
o 1 1 0
1 0 0 O

D

1 0 1 1 3-18



YnpaxHeHue 2

Peannsyem cneagyrouyro Tabnuuy MCTUHHOCTM
A B C
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3aKoH [e

BeHTuno U npeBpawaerca B UJ1IN
UHBepPTUpPOBaHMEM BXOO0B U BbIXOAOB

A—C
B—o

-MopraHa

. kB

A B

N
SS!
AN
oy
|
we )

1 0 0 1
0o 1 0 1
0O 0 0 1
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NTtorun

MOIl-TpaH3ucTopbl peanu3yroT nornyeckme hOyHKUNM Kak
nepekn4yarenu

* N-KaHanbHbIe: NOAKIYAKTCA K 3eMrie, 3anUTbIBalOTCA
(nornyeckon 1) 4yTOOLI COpOCUTL HanpsikeHne Ao 0

* P-kaHanbHbIe: NOAKMYalTCA K +V, 3annTbIBarOTCA (NOrM4YeCcKnm
0) 4yTOObLI NOAHATL HanpskeHune Ao 1

OcHoBHble BeHTUNU: HE, WJIIN-HE, U-HE

* peanusyroT nornyeckme dpyHkuum U, UJI1A, HE n 1.n.
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Peanusauna dpyHKUMUN HA BEHTUNAX

PaccMmoTpeHHble npumepbl peanusaumnm Jiorm4yeckunx
pyHKLMN — KOMOMHATOPHbIE CXeMbl

KombuHamopHasi rioaudyeckasi cxema
* BbIXOA, 3aBUCUT TONbKO OT TEKYLLUX BXOAHbIX AaHHbIX
e HeT NaMATU COCTOSAHUM

[locrnie0osamernbHas fiocuyeckas cxema

* BbIXOA, 3aBUCUT OT LIeNO4YKM BXOAHbIX KOMOUHaUMM (NpOoLNbIX U
HaCToSILLEeN)

* XpaHUT UHdOpMaLMIO O NpeabIAYLWMNX BXOAHbIX AaHHbIX
(cocTosiHue)

PaccmoTpum npyMepbl KOMOMHATOPHBLIX CXeM,

3aTeM nepeupemM K nocriefoBTeSIbHbIM, XPaHALLUM
UHdopMaL U0 O COCTOAHUAX 392



Iekoaep
n BXonos, 2" BbIXOOOB

* ONS KaXXQ0oro BapuaHTa BXoaa oAuH U TONMbKO OAUH BbiXoA
npuHumaer 1

é ’ f} 1, if AB=00
'—0} 1, if AB=01
2-
paspsOHbIU | O 1, if AB=10
oeKooep t s |
} 1, if AB=11




MynesTunnekcop (MUX)

n-pa3psaaHbIn cenektTop 2" Bxoaos, OAUH BbIXon,
« output equals one of the inputs, depending on selector

A

\

B

C

D

|

]

[

U

A, if S=00

B, if S=01

C,if S=10
D, if S=11

S,
So
R
\ | k——S
4-to-1 MUX
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[MonHbIN cymmaTop

2-pa3psiaHoe CrioXXeHue ¢ nepeHocom,
Ha Bbixoge 1-pa3psgHas cymma u

OUT nNnepeHoca.
A B

l .(I) ; .I $ '

out
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4-pa3pagHbLIN cyMmMaTop

A, B, A, B,

A B A B
Full © Full €

Adder Adder

C. 8 C.. S

C:out S3 82

A, B A, B,
A B A B
Full ¢ Full
Adder Adder
C. S Co S

S, S,
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