Jleknus Neld

Jj1eMeHThI HU(PPOBOI IJIEKTPOHUKH.
Cymmaropsl, mi(pparopsl U Jeinu@paropsl,
MYJIbTHILIEKCOP M JI€MYJIbTHILIEKCOP.
Perucrpol ¥ CYETYMKHMU.

Elements of digital electronics. Adders,
encoders and decoders, multiplexer and
demultiplexer. Registers and counters.



e Cymmarop —  JIOTMYECKMKW  OINECPALMOHHBIA  y3€ll,
BBIMOJIHAIOIIMKA  apU(PMETHIECKOE CIO0KEHHE KOJIOB JIBYX
yucen. [Ipu apudmeTuyeckoM CJIOKEHUH BBIIOJHAIOTCS U
IPYTrUue JIOTOJHUTEIILHBIE ONepalu: YYET 3HAKOB YMCE,
BBIPABHUBAHME MOPSJIKOB ClIara€MbIX U TOMY ITOJOOHOE.

* An adder is a logical operating node that performs arithmetic
addition of codes of two numbers. When adding arithmetic,
other additional operations are performed: taking into

account the signs of numbers, aligning the orders of
summands, and so on.
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CymMMaTopbl KJIaCCUPUIUPYIOT 0 PA3JIHYHBIM

IpU3HAKAM
Adders are classified according to various criteria

B 3aBucuMoOCTHM OT CHCTEMBbI

CUMCJIEHUS Pa3InvaroT:
JTBOUYHBIC;

JTBOMYHO-IAECATUYHBIE (B
o0IIeM cliydae JABOMYHO-
KOJAUPOBAHHBIC);

ACCATUYHBIC,

IpOYHE (Hampumep,
aMIUIUTYIHBIC).

Depending on the number
system, there are:

* binary;

* binary-decimal  (generally
binary-encoded),

* decimal,;

* other (for example,
amplitude).




CymMMaTopsbl KJIaCCUHPUIUPYIOT [0 PA3JIHYHBIM

IpU3HAKAM
Adders are classified according to various criteria

I1o xKoIMYecTBY By the number of
O/THOBPEMEHHO simultaneously processed
oOpadaTbIBaeMbIX digits of the added
pPa3pAa0B CKJIAAbIBAEMbIX numbers:
quceJI. o single-digit,

* OAHOpa3psANHBIC, * multi-digit.

* MHOTrOpa3psiIHbIE.
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CyMMaTopsbl KJIacCHPUIUPYIOT MO Pa3JIMYHbIM NMPU3HAKAM
Adders are classified according to various criteria

ITo yKcay BX0OI0B M BBIX0OI0B
OTHOPA3PATHBIX TBOMYHBIX
CyMMATOPOB:

4YeTBEPThCYMMATOPbI,
XapaKTePU3YIOIIUECs HATMUUEM JBYX
BXOJIOB, Ha KOTOPHIE MOAAIOTCS JIBa
OJTHOPA3PSIHBIX YUCIIA, U OJHUM
BBIXO/IOM, Ha KOTOPOM PEANTU3yeTCs
ux apudmerndeckas CyMMa;

MOJIyCYMMATOPbI,
XapaKTEePHU3YIOLIUEC HATUYUEM JIBYX
BXOJIOB, HA KOTOPBIE MOJAAIOTCS
OJHOMMEHHBIE pa3pAIAbl JIBYX YMCEIL,
U IBYX BBIXOJIOB;

MOJIHbIE OJHOPA3PAJAHbIC IBOMYHbIEC
CYMMATOPbI, XapaKTEPU3YIOUIUECH
HAJIUYUEM TPEX BXOIOB.

By the number of inputs and outputs
of single-digit binary adder:
aquarter-adder characterized by
having two inputs that are fed two
single-digit numbers, and one output
that implements their arithmetic sum,

semi-totals, characterized by the
presence of two inputs, which are fed
the same digits of two numbers, and
Iwo outputs;

* full one-bit binary adders,

characterized by the presence of the
three inputs.




CyMMaTopsbl KJIaCCHPUIUPYIOT MO Pa3JIMYHbIM NPU3HAKAM
Adders are classified according to various criteria

IIo crioco0y nmpeacraBjieHUus
00paldOTKH CKJIAABIBAEMbIX YHCEJI
MHOTOpa3psIHbIE CYMMAaTOPhI
OApa3ICIIsI0TCS Ha:

nocJjeaoBarejbHble, B KOTOPBIX
00paboTKa umcel BeAETCs
oouepEaHO, pa3ps 3a pa3psaaoM Ha
OJTHOM M TOM K€ 000PYyIOBaHHH;
napaJjuiejbHble, B KOTOPBIX
claraemMble CKJIaIbIBAIOTCS
OJTHOBPEMEHHO I10 BCEM paspsigaM, U
JUTST KQXKJIOTO pa3psijia UMEETCS CBOE
000py/IOBaHHUE.

According to the method of
representation and processing of the
added numbers, multi-bit adders are
divided into:

*  sequential, in which numbers
are processed in turn, bit by bit
on the same hardware;

*  parallel, in which the terms are
added simultaneously for all
categories, and each category
has its own equipment.




e IlIudparop (Ha3bIBa€MbId YaCTO KOAEPOM) —
YCTPOMCTBO,  MpeoOpasyromiee  ACCATUUYHBIE
qyucjaa B JJBOMYHYIO CUCTEMY cuuciieHus. I1ycThb

B mudparope UMEETCS T BXOJIOB, ;
IIOCJICA0OBATCIBHO IPOHYMEPOBAHHBIX Xy — 0{ CD [ S— 13
necatuuneiMu yucaamu (0, 1, 2, 3,..,7-1),un % —1
BbIXO/OB. IloCTyIieHHe curHajla Ha OJWH H3 Xyt 2
BXOJIOB BBI3bIBACT MOSIBICHME HA BBIXOAaX n- =3 2
Pa3pAIHOTO JIBONYHOTO quca, y—4
COOTBETCTBYIOIIEIO HOMEPY BO30YKJIEHHOTO ISx_ (Sj ;
BXOJIA. 5 ‘f*_ : )i
) ) X9 8
*  An encoder (often called an encoder) is a device Xy — 9  S—y

that converts decimal numbers to binary
numbers. Let the encoder have n inputs,
sequentially numbered with decimal numbers (0,
1, 2, 3,..., n - 1), and n outputs. When a signal
arrives at one of the inputs, an n-bit binary

corresponding to the number of the
input appears on the outputs. !




HIudgparop — 1UPpPOBBIE MHKPOCXEMBI, BBITIOJHIIONINE
OOpaTHYI0 omepanuio Imu@paropa: MepPeBOAUT KaHajl, MOJAHHBIM
TOJILKO Ha OJIMH BXOJ B BBIXOJIHOUW MapaJuICIIbHBIN JIBOUYHBIN KOJI.

Encoder — digital chips that perform the reverse operation of

the encoder: translates a channel fed to only one input to the
output parallel binary code.
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Jewugppamop (Ha3bIBa€MBbIN TaKKE
O0exodepom) TIpeIHA3HAYeH [Jisi OOpaTHOTO
npeoOpa3oBaHusi  JBOMYHBIX  YHUCET B
CPaBHUTEJIILHO HEOOJbIINE MO 3HAYCHUIO
JAeCsATUYHBbIE 4ucia. Bxoawsl nemmdparopa
CIIy’KaT JJIsl TTOauu JBOUYHBIX YUCEJI, BHIXOJIbI
MOCJIEIOBATEIbHO HYMEPYIOTCS JI€CATUYHBIMU
YU CIIAMH. Jemmdparopsl IIUPOKO
UCIIOJIB3YIOTCA B HU(POBOM H3MEPUTEITHLHOU
TEXHUKE.

A decoder (also called a decoder) is designed
to reverse the conversion of binary numbers
into relatively small decimal numbers. The
decoder inputs are used to supply binary
numbers, and the outputs are sequentially
numbered with decimal numbers. Decoders are
widely used in digital measurement technology.
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e Jlemudparopbl — HUPPOBBIE MUKPOCXEMBI CPEIHEN CTEIICHHU
UHTErPALUH.

* Decoders are digital chips with a medium degree of
integration.

 Ilpemna3HaueHbl miIs OpeoOpa3oBaHUS JIBOMYHOTO KOJAa B
HaMpPsHKCHUE JIOTMYECKOTO YPOBHS, IOSBIISIONIETOCS B TOM
BBIBOJHOM  BBIBOJC MMKPOCXEMbBI, JCCATHYHBIM HOMEP
KOTOPOT'O COOTBETCTBYET IBOUYHOMY KOIY.

* They are designed to convert the binary code to the voltage of
the logical level that appears in the output pin of the chip, the
decimal number of which corresponds to the binary code.



*  MyJabTHILIEKCOPBI 3TO IUPPOBBIE MHOTOTIO3UIIMOHHBIE
nepekioyarenu. Paznuyarorcsa mo 4uciay BXOA0B U CIOco0am
aapecanyu. MynbTUILIEKCOPBI CITOCOOHBI BEIOUPATH
ONIPEICIICHHBIN KaHal ¥ IOOTOMY OHU UMEIOT U JIpyrue
HAa3BAHUSA — CEJIEKTOPBI MIIN CEIIEKTOPBI-MYJIBTUIIEKCOPBI.
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*  Multiplexers are digital multi-position switches. They differ in
the number of inputs and addressing methods. Multiplexers
can select a specific channel and therefore they have other
names-selectors or multiplexer selectors.



e  MyJbTHILIEKCOP — KOMOWHAIIMOHHOE YCTPOUCTBO,
oOecIreurBarolee rnepeaady B xKej1aeMoM Hopsiake ubpoBoit
nH(bOpMAaIIMH, MOCTYNAOIICH 110 HECKOJIBKUM BXOJlaM Ha OJUH
BBIXO.

* A multiplexer is a combination device that transmits digital
information in the desired order from multiple inputs to a
single output.

 (CxeMmaTHyecKu MYJIBTUILIEKCOP MOXKHO H300pa3uTh B BHJIE
KOMMYTaTopa, 00CCHEYMBAIOIIEIO0 MOAKIIOUYEHUE OJHOTO W3
HECKOJBKHMX BXOJOB (MX Ha3bIBalOT HMH(MOPMAIMOHHBIMH) K
OJITHOMY BBIXOJly YCTPOWCTBA.

* Schematically, the multiplexer can be represented as a switch
that connects one of several inputs (they are -called
information) to one output of the device.




Perucrpsl 3710 (yHKIIMOHAIbHBIE
YCTPOUCTBA JJISl XPAHEHUS YUCEII C JBOUYHBIM

MIPEJICTABICHUEM nudp paszpsna,
OPUMEHSIOTCS JUIi HAKOIUICHWS MW CJIBUTa
p:S N Y I . Tee ol — IaHHbIX. Peructp mpencraBiaser  co0Ooit
e ! A lod— MOCJIeIOBAaTEIbHOE COCIMHEHHE HECKOJIbKUX
. —— v J |,l— Tpurrepos, npu 5TOM B OTIMYHMH OT CYETYHKA
— e sl — JenuTens, 'y HEro HeT  BHYTPEHHHUX

¢ — 3aIpEIaroX OOpaTHBIX CBI3CH.

)& DI T |13

He e .Registers are fw.ftctional devices. for
- — storing numbers with bmapx representation of
— numbers charge, are applied for storage and
—C — shifting of data. A register is a sequential

connection of several triggers, and unlike a
divider counter, it does not have internal

forbidding feedbacks.
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e  PermcTp - nociaea0BaTeIbHOE JIOTHUYECKOE YCTPOMCTBO, UCIIOIB3YEeMOE IS
XpaHEeHUS N-pa3psAHBIX TBOMYHBIX YMCEI M BHITIOJHECHHUS MPEoOpa3oBaHUM
HaJl HUMH.

* A vregister is a sequential logical device used to store n-bit binary numbers
and perform conversions on them.

*  Peructp npeacranisieT co00il ynopsiIOYEHHYIO TTOCEI0BaTEIbHOCTh
TPUTTEPOB, YUCIIO KOTOPHIX COOTBETCTBYET YUCIY pa3psioB B cioBe. C
KKJIbIM PETUCTPOM OOBIYHO CBSI3aHO KOMOMHAIIMOHHOE [TU(PPOBOE
YCTPOMNCTBO, C MOMOIIbIO KOTOPOT0 00ECTIEUMBACTCS BBIOJIHECHUE
HEKOTOPBIX onepanuii Hajl ciioBaMu. PakTHYECKH JIt000e udpoBoe
YCTPONCTBO MOKHO IMPEJCTaBUTh B BUE COBOKYITHOCTH PETUCTPOB,
COEAMHEHHBIX APYT C APYTOM IIPHU IMTOMOIIN KOMOMHAITMOHHBIX ITU(POBBIX
YCTPOMCTB.

* A register is an ordered sequence of triggers whose number corresponds to
the number of digits in a word. Each register is usually associated with a
combination digital device, which is used to perform certain operations on
words. In fact, any digital device can be represented as a set of registers
connected to each other using combination digital devices.



Perucrpsl KiacCHPUIUPYIOTCS MO CJASTYIOINIAM BUIAM:
Registers are classified into the following types:

* [TapannensHbIC WIH  Parallel or cumulative
HAKOITMTEJILHBIC (memory and storage
(pErucTphl NAMSITH, registers);

XpaHCHHU); * Sequential or shifting.

e [locinenoBareabHbIE NN
CIBUTAIOIIIHE.




* Perucrpom caBura Ha3bIBalOT [UPPOBYIO CXEMY, COCTOSIIYIO
M3 TOCJIEOBATEIIbHO BKJIKYECHHBIX TPUITEPOB, COACPKHAMOE
KOTOPBIX MOHO CIABHUIaTh HA OJIMH Pa3psij BIIEBO WX BIIPABO
IMOJIAY€M TAKTOBBIX HMMITYJIbCOB. PErucTphl CIBUTA IIHUPOKO
IPUMEHSIOTCS B IIU(POBOM BBIYMCIMTEIBLHOM TEXHUKE IS
npeoOpa3oBaHus IOCJEI0BATEILHOIO KOJia B MHapaUICIbHBIN
WM TapayIeIbHOTO B IIOCIEAOBATCIIBHBIM, a TAaKXE IPH
OCTPOCHUH apU(PMETUKO-TOTHYECKUX YCTPOUCTB.

* A shift register is a digital circuit consisting of sequentially
connected triggers, the contents of which can be shifted one
digit to the left or right by applying clock pulses. Shift
registers are widely used in digital computing for converting
serial code to parallel or parallel to serial, as well as in the
construction of arithmetic logic devices.



CYeT4YMKH — ATO JACITUTEIIN YaCTOTHI C pa3INYHBIMHU
ko3 puIeHTaMu JIeCHUA. bhIBatOT OJHOHAIIPABICHHBIE U
JIBYHaIpaBJICHHBIMU. CUETUYNKHU-ACIIUTEIIN MPEAHAZHAYAKOTCS IS
JEJICHUS YMCIIa UK YaCTOTHI IOBTOPEHUSI UMITYJILCOB Ha 3aIaHHBIN
KO PHUIIMEHT ACTICHUS.

* DDI1 Qi DD2 Q; DD3 Q,
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Counters are frequency dividers with different division
coefficients. There are unidirectional and bidirectional ones.
Divider counters are designed to divide the number or frequency of
pulse repetition by a given division factor.



e MHHTerpajbHbIi CYeTYHK — I1IH(PPOBOE  YCTPOMCTBO,
BBIIIOJIHECHHOE€ Ha MHTErPajbHBIX TpPHUITEpaX CO CXEMaMH
VIIPABJICHUS Pa3HOW CTPYKTYpbl M OCYIIECTBIISIONIEE CUET
MOCTYNAIOIIUX HA €ro BXOA HMMIYJIbCOB. CYET MMIYJILCOB B
CUCTUMK IIPEJCTABISCTCS ONpPEeACTICHHBIMA KOMOMHAIIASIMMU
COCTOSIHUM TpurrepoB. IIpy MOCTYIUIEHMHM Ha BXOJ CXEMBI
OYEPEIHON JIOTUYECKOM | B CUETUMKE YCTAHABIMBACTCS HOBAs
KOMOMHAIMSI COCTOSSHUM TPUITEPOB, COOTBETCTBYIOIIAS YHUCIY,
IPEBBIIAIONIEMY IIPEAbIAYIICE HA CIUHHUILY.

* An integrated counter is a digital device made on integrated
triggers with control circuits of different structures and
counting the incoming pulses to its input. The count of pulses
in the counter is represented by certain combinations of
trigger States. When the next logical 1 is received at the input
of the circuit, a new combination of trigger States is set in the
counter, corresponding to a number that exceeds the previous



* PaccMoTpuM IpOCTEUININK ABOUYHBIA KOJIBIEBOU CUYCTUHK,
NPEICTABISAIOMMKA CO00M TpW 3aMKHYTHIX B Koyblo JK-
TPUITEPOB, MO KOTOPBIM TI0J BO3ACUCTBUEM BXOIHBIX
UMITYJIbCOB LUPKYJIUPYET OJHA IUIM HECKOJIBKO KOIJOBBIX
CIAUHULL.

 Let's consider the simplest binary ring counter, which
consists of three closed-ring JK-triggers, through which one
or several code units circulate under the influence of input
pulses.




nepexos |'d3ank]n| junction
MOJIYyIPOBOHUK |'semikondaktor| semiconductor
MPOBOAUMOCTH lkon"dak/n| conduction
BOJIbT-aMIIEpHas [voult-"am pir volt-ampere characteristic
XapaKTEPUCTUKA keerokto ristik]|

AIIEKTPOH 1 lektra:n| electron
3aMUPAOLIUNA CITON |'beerior 'lerar| barrier layer
0011aCTh |fi:1d] field

00paTHOE HANPsDKEHHE r1' v3:rs ‘'voultids| reverse voltage
MPSIMOE HaIPSHKCHUE |'fo.rword 'voultid3| forward voltage
TBIPKU lhavls| holes
HaIlpaBJICHUE ru:t| route

3aMBIKaHHE |'la:kiy| locking
UMHTErpajibHast MuKkpocxeMa | itigrertid 's3:rkit| integrated circuit
LIeTb TPAH3UCTOPA |treen zistor tfein| transistor chain

KOHIICHTpaLHs | ka:nsn'treifn| concentration



