5 INTEGRATED CIRCUITS

ELECTRONIC CIRCAMITS CAN N STANDARD
BE MADE __ BY.  SIMULTANESLSLY | B~ R~ COMPONENTS
|EQRMING..... INOIVIDUAL _TRANSISTORS, " é‘? P
DIODES AalD RESISTOLS ON é ‘
A S.MALL, CRIP . OF SILICOAL, }
Ny

THE . COMPANENTS.. R
TO  ONE ANOIMER MWITH  ALum /
"WIRESY DEPOSITED _ON THE } INTEGRATED

| * 4
SURFACE......Q0F _THE __CHIP. THE : CIRCULT

JRESLLT. 15 AN  INTEGRATED CIRCUIT.

INTEGRATED . CIRCIITS. (0R.IC's) . CAN  COMTAINM  AS._ EEW AS SEVERAL

TO. . AS...MANY __AS . MUNDREDS. . OF . THOUSANDS. . OF . TRAMSISTDRS.

THEY. _ HAVE MADE  POSSIBLE. . VIDEQ. GAMES, . .DIGITAL. . . WAT!
AEFORDARLE . COMPUTERS.. . .AND... . MANY. _ OTHER. . VERY  SOPH\STICATED _.

PRODOCTS. . HEREs .. A _ SIMPLIFIED.  AND. .  HIGHLY. . MAGNIFIED VIEW. . _

OF A SECTION OF A BIPOLAR iINTEGRATED. . ClRCUlT

e
ALUM ISUM SILICON  DIOXIDE T ~  CONNECTION LEAD /i m

"WIRING " T / // //N%///LM/;//W %mwm%

i S— - _, Vo
I h\ -
. e SILICON. DIOXIDE
<V} < 7 i 18 A GLASS -
o T kel EE. _ INSULATING..
" \ SUBSTANGE..

| RESISTOR— ... A . SHALL o DIODE = A PN ____ TRANSISTOR — A PAIR

e SECTLON.. OF P2 TYPE oo TINCTION. o QE PN TUNCTIOAS e
SILICON. _ Foams. A FORHS A EQRMS AN NPAN
| RESISTOR DODE TRANSISTOR

OFE. . (OURSE THE _ _COMVENTIONAL  COMPONENTS  SHOWN  BELOW.

THE Blaaty MA_GNIEIED SECTION oF THE _I¢ ARE

LNOT . PRAWN.._ IO THE SAME _Scacg,  FOR EXAMPLE , — ONE  KIND
OF . EC. . INCLODES . 202,244. TRANSISTORS _ON _ A SIICON CHIL
ONLY  ABsuT /4 IncH .  SQUARE |
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O KiInNDS OF _INTEGRATED CIRCUITS — INTEGRATED _ CIRCUITS

ARE GROUVPED INTD TALD MATOR CATEGORIES

L ANALOG  (OR LINEAR) .TC'S.  PRODUCE. .  AKIPLIEY. QR RESPOND .

0 VARIABLE  VOLTAGES ANALOG Tols ISCLIDE MAALY.
N ——r——

—kiNDs.  OF . AMPUEIERS, . TIMEAS .. OSQULATORS. .. AND.. VOTAGE ..

REGUIATORS

e RIGITAL  CoR_LOGIC)  TC's  RESPOND  TO OR PROPUCE SIGNALS .

HAVIALG oMLY, TWO VOLTAGE  LEVELS DiciTAL . Tels INCLUDE

MICROPROCESSORS . MEMORIES g MICLROQOOMPUTERS  AND _ MANY  KINDS
QF.. . .SIMPLER CHIPS.

e JOOME TC) s COMBINE. .. ANALOG ... AND.. DIGITAL.  EUNCTIONS  _OAN A
) SINGLE . CHIPe.  FOR  EXAMPE A DIGITAL.. QHLP  MAY. INCLURE

A BUWILT = In ANALOG VOLTAGE REGULATOR SEQTIoAL AND AN

e IBNALDG  TIMER CHIP MAY IMCLUDE Al OMN=CHIP  DIGITAL

COUNTER T GIUE MHOCH LONGER HeE DELAYS THAAL

POSSIBLE WITH THE. TIMER ALOMNE..

VOLTAGE ~ 1
e LT O OR N\ / \ /\V/ \
OuUT._ OF e ~ \
CHLIP. ("\LOI - o
POWER__SUPPLY TiME TiME
VOLTAGE.) ANALOG.  TC's DAGITAL __Ic's

L KINDS  OF  INTEGRATED _CIRQUIT PACKAGES — TC onles
e {ARE___ SUPPLIED N MANY _ OIFEERENT. . PACKAGES.  BY. _FAR _THE

JCoR __PIPY.  THE _DIP.. 1S .MADE _ FROM . PLASTIC __( CHEAP)

MOST CoMmon...  ARE  VARIATIONS ofF THE  DUAL_IN~LINE PACKAGE

CERAmIC . (HORE QoBusT).  MOST _ DIPs  WAVE 14 _oR 1e  PINS.
BuT __ THE Plam  Coum T  CAM  RAMGE. FEROM .,

Y TO b HERE's A TYPICAL DIP ¢

S
Ny [ 3 iz (@ fol {71 [B1 _ PART
/"\L@ ME T 10"\18% NUMBER
/ MANUDEACTURER'S &, LLieed
éuDEx MARKER L0GO (MOTOROLAY 5 CPSS l% m::.&ﬁ?immsw
impleATES.  PIa 1) £2=19832

Pin. numeers —zbes 21 18T 18] i8] lef 1ol 4o puth epy

ANOTHER. .. . TC. . PACKAGE . IS THE  TO=S .. .. = METAL
METAL _CAN.  THOOGH VERY _ STURDY , I(T's LAN
ABEING REPLACED IN_ MANY. CASES BY
CHEAPER PLASTIQ PDIPs. . S LEADS




|6 DIGITAL_INTEGRATED CI\RCUITS

NO  MATIER 0w COMPLICATED, ALl DIGITAL INTEGEATED

CIRCUITS ARE MADE, EROM SIMPLE.  BUUDING. BLOCKS

ICALLED  GATES . .CATES . ARE . LIKE . _ELECTRONICALLY COAL~

TROLLED SWATCHES . THEY ARE EITHER 9}!}1 OR... QEE
HOW. DO GATES. WORK? [LET's START WITH THE BASICS ...

MECHANICAL. SWITCH GATES

THE. . THREE .  SIMPLEST GATES CAN__BE  DEMONSTRATED _WITH
SOME. PUSHBUTTON. SWITCRES, A BATTERY. . AnD._ A _LAMP,

O swutch " Anp" _GATE. TRE _LAMP _GLOWS. . OMLY. . WHEN

SWITCHES A AND. B __ ARE CLOSED.
THE . TARE _ SUHMARIZES T™HE

%D I&D GATE'S___OPERATION. _1T'S._ CALLED A
v B TRUTH__TARLE. .
ﬁ"—"——'L L= ) i} — A B |our
] NORMALLY.  QPEN | __DPEN_SWITCH = OFF OFF___OFF OFF
PUSHRBUT TON CLOSED SWITCHZ ON . OFF. . ON QFF
- SWITCHES LAaMP ON  OFF OFF
= — —==—= (OFF) ALL. POSSIBLE oN. _.ON ON

ON=OFEE._COMBINATIONS. e

O switern "or" GATE THE._ LAMP. _GLOWS. _ONLY.. . WHEN
SWITCH. A QR . SWITCH. . B QR BOTH. .
A MORMALLY. OPEN  SWITCHES A AND B ARE _CLOSED. . .
\mmswh\meummo.&mW",ag&&lsmmawlgum TABLE.:
— A SWITCHES

ﬁ THE _SMUTCHES A B ouT

Lo = = | ARE_ THE _GATE'S OFF___OFF OFF

] B { o\ JNPUTS,  THE. LEAD OFF _ON. | ON

_ - ) W WITHOUT.. SWITCHES ON__OFF on

- LAME. ... 1S THE.. COMMOAS ON___ON oN

MMMMMMMMMMMMM = -q-_ﬁff) OR....GROUND.. LEAD. j

CoswiTer “not” carE. THE . LAMP__NORMALLY.  GLOWS. . ONLY.

WHEMN... THE SWAUTCH. LS OPEMNED 15

£ MNORMALLY  CLOSED . THE LAMP OFF. N __OTHER WORPS e

{gmwmqumwmmwimﬂwﬁammawms,ﬁ«ska‘wncmyﬁ.&r_s),m
SWITCH THE VUSUAL. ACTION. . OF. A . SuTCH
15 J L W L, HERE's .. THE.. . TRUTH. __TABLE.:
¥ | ’-
Lamp 2 1y j-‘:mm“ihlﬂljmﬁi&t& 15 In | OuT
[I (oN) el USUALLY.. CALLED THE. OFE | _OM
\ : INVERTER. ON | OFF




THE _BINARY CONNECTION

TS POSSIBLE _ TO  SURSTITUTE THE DIGITS O _AND. 1 _FOR B M
TRE __OFEF ___AND _ON STATES. . OF A _SWIXCH.  THE TRUTH _TARBLES ... .. .

FOR__THE _GATES.  _ON.__ THE. PREVIOUS. PAGE__THEN. __BECOME. s .

L} ]

AND" GATE “or" GATE "wotT" eaTE

ouT 1N ouUT
o o 1
1 O

o

HOOO[E‘

R OO
ok o|W
-2

C

)
1

o
1

- Do

!

—dHE O AND 1 INPUT (A 2B) __COMBINATIONS _FORM _NUMBEBERS. . _IN .
e ATHE__TWO _DIGIT. (OR BIT) . . BINARY. NUMBER _SYSIEM. N __DIGITAL.
—JELECTRONICS,,. BINARY.. NUMBERS.  SERVE  AS. . CODES THAT REPRESENT . . .. .. . .
—|DECIMAL __NUMBERS,  LETTERS. OF THE _ALPHABET., VOLTAGES. _AND. ... . . .
e {MANY. OTHER . KANOS. .. OF . INFORMATION oo eeessesees oot

DECIMAL _ BINARY. . BINARY- CODED (o N\ BINARY_ FACTS..
DECIMAL (Bep) O
0 00000000 ~
1 0000 0001 A BNARY. O 0R1 IS A BIT.
o 0.0.00 0010 ___A PATTERN OF 4 BITS IS A NIBBLE.
1

0

e 2. 000. Q011 A LPATTERN OF .8 BITS IS A BYTE. ...
00000100
0000 0101 LBCD— EACH DECIMAL DIGIT IS o .

110 0000 0110 . ASSIGNED. . ITS5. BINARY EQUIVALENT. . .. ..

111 0000 O111  NOTE THAT LEADING ZEROS ARE. ... . . ..

1looo 0000 1000 . SHOWN. . IN_DIGITAL ELECTRONICS .. .

1001 0000 .1001 AL BIT. LOCATIONS . ARE.QSCUPIED, ... .

1010 0001 0000

1011 0001 0001

1.100 oeel 0010 1213 .14 .15 oo

1101 ....0001. 0011

1.1.1.0 0001 .. 0100

1.1.1.1 ool 0101 e

| PARALLEL

—IBINARY. _NUMBERS __CAN_BE _SENT_ THROUGH CFAST)

—JwireSs  (BusSES) ALL AT ONCE_(PARALLEL) S

OR__A__RIT AT A _TIME C(SERIAL).. . SHOWN

—JHERE ARE _SERIAL__ANO _PARALLEL SERIAL - I

TRANS MISSION. OF  15...14...13...12. rf (sLow) I\ e

e
O LN~ E Mo
—

O
=

—
=i

-y
~

b
LA}

—
in o

\ 12 S 12 . 14 ot 15 o~

T Tl o o HL Tl o T fl ol o mLnl maL




IDIODE GATES

OETEN

\T'S . DESIRAB/E _TO . CONTROL. A GATE _ELECTRICALLY
e \BRATRER . THAM MECHAMICALLY THE SIMPLEST., ELECTRICALLY
e DN TROLLED . . GATE LSES PN TUNCTION. . DIODES. THAT  ARE
e |SWITCHED . QN CEORWARD. BIAS) OR _QFF (REVERSE. _RIAS)._BY AN
i INIPYUT . SIGNAL... OF  SEVERAL...VOLTS _C RINARY. .1 . 0OR HIGH). . OR
AN __INPUT.  NEAR OB AT . GROOND.  (BINARY O _OR __LOW).
- Aeaga
e LLDHODE L ORY  GATE 0 Dicoe "And"  cATE
. A =={Ta Y QUT A =G ¥ P OUT
e (DI(JDES (wiTH. RESPECT DIODES % CWITH _RESPET
o ( TO. _GROUNDY TO. GRAOUND)
- B =gy P B mau = A W
TG / ™
RESISTOR . GROUND RESISTOR Y GROUND.
Clk) [ (‘K) k‘,/
| A | 4
AAWHEN  THE  INPUT. . VOLTAGE AT WHEM. _THE _INPUT _VOLTAGE. _ AT
A g& B..l5...MORE PosiTiwWE A AND B 18 MORE POSITIWE
~{THAN._GROUND, (T PASSES. THRQUGH TRAN. . GROUND .,  CURRENT.. ELOWS

o JIRE  EORWARD . BIASED . DIODE LS)........EROM . THE__BATTERY
o AND. . APPEARS

THRQUGH. . _THE

. AT THE _QUTPUT. RESISTOR. _.T0. THE _QUTPUT. LF
JOTRERWISE. . THE ___OUT PUT. 1S EITHER A _oR_B._.IS AT OR
ATLORL NEAR  GROUMND... THE NEAR  GROUND,. .. ONE_ . 0R RBOTH

TABLE .15 VALID. _FOR DIODES.  BECOME.  EORWARD RIASED

INPUTS _OF O VorT. (o 0R Low) AND  CURRENT.  FLOwWS. _AWAY
AND 6 VouTs (1 or  KIGH). FROM __THE . OUTPUT.
A eyt A B8 | ouT A o—Kr——e—> A R ouT
Lo ov.ov.! ov s\ ov_ovl ov
BoPH S our  ovevls.ay Bo—i— Tt R R e
V. QVIS.4y . eV _ovl .5V
- _’_" eV CV1S.4y _'__“* V. eVl S4v
e THE L OUTPUT . DoES.. MNOT. . REACH AS. _CIRCUITS.  BECOME. _MORE
A EOLL G VOLTS  MWHEN  HIGH COMPLICATED,. . PICTORIAL. _ VIEWS
BECAULSE THE  DIODES . REQUIRE ARE _MNOT. . PRACTICAL. THAT'S o
A EORMWARD  VOLTAGE . OF O WHY. . THIS. . PAGE. INTRODUCES
VOLT, THIS.  VOLTAGE 1S, SuB- CIRCOAT  DIAGRAMS EDR.__EACH
s JTRACTIED.  FROM _THE _ OUYPUT OF . IHE  TWO PICTORIALS _SHOWN
A VOLTAGE 4. (N ELECTRONICS. TARG ON Agpue WEY L FIND _OUT. _MDRE
wwwww AL SILICOMN.. .DIODE _ CAUSES. A AROUT. _ CIRCUIT.  DIAGRAMS.  LATER.
WOLTAGE.  DROP' _OF. 0.6 VOLT.) ___IN_THE MEANTIME, THE NEXT

PAGE SHOWS MORE OF THEM s4s
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TRANSISTOR GATES

THRE _ VOITAGE _DROF. _QF._ _DIODE. GATES _MEANS.  _AMPLIEICATION
IS REAUMPLED. _IN_ _ORDER . TO _COMMECT TOGETBEELE A SERIES
OF GATES. WHILE TRAMSISTORS CAN.. PROVIDE THE
—INECESSARY. AMPLIFICAT FUNCTION
AS.  _GATES! _RBoTH RIPOLAE AND FEIELD-EEEECT. TRANSISTOES
CAN.. BE  LSED, QA THIS _PAcE ARE SHEOWN CIR CuUlT
DIAGRAMS EOR SOME __OFE THE SI\MPLEST BlPoLAE
TRANSISTOR __GATES, TOGETHER THEY EORM THE RESISTOR- . . .
—|TRANSISTOR DIGITA __CAN  ACTUALLY
MAKE _THESE _GCATES. RUT THE. . MAIN. _REASON_ _THEY'RE HERE
& ID. GIVE  NYou AN APPRECIATION FoR THE INTEGRATED
e iR GATES . WEMN L BRE.  LOOKING. AT SHORTLY srsas
e A NOT GATE. (NVERTERY N Lot #V(BT0aY)
e WHEN _IN. 1S AT +V (BINARY_1 OR HIGH), L .M b
e JTRANSISTOR Q1  SWITCHES _ON _AND CONNECTS R | L . S10K .
__|our. _pirecTiY. _TO_ GRoUND._(BINARY. O _OR N
e LW WHEN N 1S L0W., QL. SWITCHES ] é 10k =S| ouT
e QE . AND._OUT . BECOMES. (THROMGH K1) Yoo (P \ax
P NOT! GATES. LIKE. THIS MAKE. POSSIBLE ; B\ Woaaa
e lIMPORTANT. . NEW._ . LOGIC. . CATES . EBC E

o "AND" eATE. 0N AND" _(NOT-AND) _GATE.
+V

AR | ouT 1ok < A B louT

Lo 2 L L | R

L. [ — ouT L H (R

TR A A_Aaal B Lol H

nonlH 1ok N Ho Al L
M.lg,;smwwaj_iufmumsiw%lmumag P THE “NoT FUNCTION
ANY. COMMON._NPN._._B _AA A 1S tBuT=an" { NO

10K é : TRAMSISTOR _EOR 10K EXTRA. TRANSISTOR oo
"; Al THESE GATES, = REQUIRER).
D orR" _cATE O "NoR" _(NOT-0R) _GATE
: +V +V

o A A B LOUT A A Rl ouT

AL AN I@ b o L, 1ok L1 K

10K e L. H B Jf\ __,;__,amwwj.a H L

— o W B A__NAAA Ho.L L

_glaaf AHL H 10K\ %= HoB L
WJQM ouT o LiKEe  THE “NAND"
$ +V FOR. ALL THESE. . 8 Aol oy GATE, THE "nor’

1ok ?L GATES...CAN..BE 10K \‘_. FUNCTION 1S

= +2 10 +9. VOLTS. = "BULlLT =N
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GATE _SYMROLS

BEEORE  MOVING . QN TO. . DIGITAL INTEGRATED CIRCUITS, LET'S

ook AT TRE. _SYMBOLS...FOR ...THE . VAROUS._ IKINDS.. OF. GATES
ATRIS. IS ALSO A GooD. . PLACE . TD.  INTRODUCE.  SEVERAL

GATES WEVE. . NDBT  NET.. . ENCOUNTERED.

O"AND" cATE O'NAMD"  GATE

m
o
C

—

A A o OUT

Y
\
R — _/

B— )

1

i R
Il‘-rrlg
...'

O
5
&
N
III'"T";%:P
~

~
) S R 2R =

O."or" _GATIE Q'NOR" _GATE.

L OMT

OVT S e DT

B — 7

T e

T
rr Tirie
i
r-rr:c,g
115

A0 "exciusive ~oR" GA

e O "EXCLUSIVE =~ NOR" __GATE

R |
0
C
g

r~

ouT

A No oot
& —-7’

T~ =
T~ X I
s A =

cE T
Al O
T~ T

O tocie  GATES  WITH.. MORE  THAN. . TWO .  INPUTS — THE o

CNEATES . SHROWN..  AROVE..  ARE. CALLED. LOGIC. . CIRCUITS. BECAUSE. ...

THEY. . MAKE _LOGICAL.  RECISIONS. LOGIC.  GARES.  QETEN. HAVE
MORE __ THAN. _TWO __ INPUT S... ADDITIONAL . INPUTS INCREASE .

ATHE .  _DECISION. . . MARING. .. POWER ...OF A GATE ... . THENY . ALSO ..

_|3=InPUT

ANCREASE . TRE.. NUMBER .. .. .OE . WAYS . . GATES. . SAM. . BE. .
e CONNECTED . TO. . ONE__  ANOTHER. ... 1D EFORM. . _ADVANCED. . ..
ADIGITAL  loGIC. CIRCITS. . HERE ARE _TWo.  EXAMPLES:

L.OUT Z-INPOT

O
i

I"AND" _GATE

"NAND' GATE .

R

ow>

1\,
Y

2% B

:x:Ir-I:i"‘if"ér‘fj’
T riIrTE ST ®
TrTrE g~ D
T T o
re @
2 =5 il A s <5 o N B
F‘III';IIIIC

L
L,
L,
L
L
L
L
H




D SINGLE = INPUT. GATES —  THE. "noT" GATE _0OR._INVERTER

1S VERY. _IMPORTANT.  SINCE 1T . CAN INVERT . CREVERSE)  THE

OUTRLT.  EROM. . ANOTHER _ GATE.  STRICTLY . SPEAKING,
AHOWEVER . THE INVERTER IS _NOT A . DECISION MAKING

ClRewiT. . (LIKE.  _GATES WITH _ TWO._ OR MORE  INPUTSY. A

CLOSE RELATIVE OF . THE _INVERTER 15 .. .THE . BUEEER . .
P e et ]

e b B NONY = INVERTING  CIRCUIT . THAT.  ISOLATES. . GATES .  EROM..oe...

JOTHER  CIRCULITS . OR..__ALLOWS.  THEM. .TO. .. ORIVE . HIGHER

JIHAN . NORMAL  LOADS..  THREE=STATE.. IMVERTERS. .. . AND

IBVEEER S . HAVE AN . OUTPUT . TRAT. CAMN._ .. BE_ _ELECTRONMMCALLY .. .
ADISCONNMECTED . EROM. _THE _REMAINDER . OF  THE . SIRCUIT wo
JIHE OUTPUT. S THEAN . NEITHER . HIGH . NOR. ._LOW.  INSTEAD

v YEloarsY AND  APPEARS AS. AL VERY. . HIGH. . RESISTANCE..

LN LOUT

0. RBUFEER  DUINVERTER. ("NoT' GATE)
| AN JOuT

TN, oUT B D S Mlmwwguf b f o H.
H H . H ok

A 3-STATE BUEFER

O 23-<TATE  INVERTER.

CoONnTROL CoNTROL LT LEONTROL L CONTROL]

| L ) o]

N \'\ OUT L

H Nt oSS OUT ol

X T |z
'N

X Tz
,\-

H HI~Z | H |

ADATA " HIGHWANY S

-~ JOR_MORE AT A TIME). _IN_.B0TH_CASES., OF COURSE, A GROUND .. ..

AOETEN . CIRCUITS . MADE. _FROM _GATES  EXCHANGE INFORMATION oo
ACBWARY.. Qs AND. 1S ENCODED. . AS. .. LOW. AND. . HIGH. . VOLTAGE

L EVELS) e THE . INEORMATION. IS USUALLY.  SENT.. OVER . WIRES.
JCALLED . Buses., A Rus. 1S  LIkE A DATA HRIGCHWAY . IT. MAY

ABE . ONE __MWIRE __THROUGH __ WHICH _INFORMATION. . IS, SENT_SERIALLY ..
(BIT. BY. BIT). _OR 1T MAY BE UP TO EIGHT. (0R _MORE) WIRES ..
IThROVGH . WRICH _INEORMATION. IS SENT._  IN._ PARALLEL (A _BYTE

IS REQUIRED _ TO:- . COMPLETE THE CLREULT a

1'TRAFEIC _TAMS" ON__BUSES.  FOR INSTANCE &

13- STATE. TRAEELC  COPS— __ 3-STATE.  GATES. . CAN._SToP

BUS..D
< - Y

- L

CONT RoL CONTROL CONTROL

AN

N N
[~ =

A ree
Pedll ON._THE _ BUOS..

- ONLY. _DATA.  ENTERING .
TRE  SELECTED  BUEFER
CeontROL = LY. GETS o

.



HOW. . GATES ARE HSED

GATES _CAN_ . BE __USED _INDWIDUALLY 0OR__CONNECIED. TOGETHER
To__ FORM. A "NETWORK”" 0F GATES CALLED. A LOGIC CIRCUIT

PO PP P P W e ey
LMDST ALL  LDGIC CIRCUITS _ GCAN_ RE. . PLACEDR  _IN _ OME __OF

— IO CATECQRIES I COMBINATIONAL . OR SEQUENTIAL .

COMRINATIONAL LOGIC CIRCUITS

COMEBINATIONAL  LDOGIC _ClRCULTS

RESPOND. ToO  INCOMIAG DATA
POANAN

(O°s _AND_1's) _ALMOST. _IMMEDIATELY  AND _WITHOUT. REGARD

TO EARLIER _EVEMNTS. (THIS \With  MAKE  MORE  SENSE  WHERMN

NOU. .READ . ABOLUT.. SEQUENTIAL CIRCUITS cnn) COMBINATIONAL

LOGIC. . CIRCUILTS CAN.___BE __VERY SIMPLE OR..IMMENSELY

COMBLICATED. .. . MIRTUALLNY  ANY  COMBINATIONAL _CIRCUIT CAN.

BE..IMPLEMENTED WATH ONLY...."NANDY oR_"NoR" GATES.
e LI KE  THESE “NAND' GATE.  CIRCUITS ...
O o INVERTERS
4- INPUT ) NAND' _GATE =
T\ N\ ] _
}}—)
N RUEFER
] " _E \ r‘ x_:-
AND _GATE NOTE ¢
THESE. CIRCUITS
——  DO.NOT SHOW..... "EXCLUS\VE -0OR" _GATE
—— THE GROUND
COMNNECTION \
‘OrR" _GATE THAT _MUST "
BE._PRESENT, N\ ] >
\L VSUALLY THE
= —l [~ GROUMND 1S \
b'—> COMMAN.__TO
L \l — THE __INPUT
=5 /S AND.__QUTPUT. "EXCLUSI\VE = NOR" GATE
- . N
"NOR' GATE ! P
l — —
= o en o>
ST . L —
> )=
R Rt — M4 =

b




1 COMBINING _ DIFEFREMNT. GATES — HERE  _ARE.__TWO

EXAMPLES OF _ COMBINATIONAL. . NETWORKS THAT. . UUSE .. MORE

THAN. _ONE _KIND OF GATE. (QEMFMBERI BoTH.. THESE

CIRCUITS . CAN  ALSO. RE  MADE ENTIRELY _EROM "NAND' GATES[)

S DATA SFELECTOR BINARY. IO DECIMAL DECODER
N
A N\ B >0 N\ o)
>—>0UT e
B | A >o—¢ N1
w i - — _
Q —— \ AND. —
DATA__AT A OR LN ¥ | N 2
VAR B_1S_STEERED.TO ROTH. MEANM: -
THE QUTPUT.  UNDER f \
b CONTROL.OF THE A NO N3
DATA SELECT INPUY !r CONTACT
/ N\ (THE "ADDRESS" ),
THIS _ CIRCUIT CAN THIS. . CONVERTS A B 1O . 41.2.2
DATA RE __EXPANDED T A_TwWO=-RBIT Lo 1L KRB R
QELECT: INCLUDE BN RANARY NuMmBeER 4 H | H L KA R\
L SELEcTS. A MORE _ INPUTS TO 175 DEQMAL Boo v H oL H
H.SELECTS. B __AND AUDRESSES ., EQUAVALENT, HoHIB R RBL
CLADVANCED COMRBINATIONAL  NETWORKS = MERE. __ARE _SOME

SIMPLE  EXAMPLES. _FROM. . FouR  MATOR  FAMILIES OF. .. COMBINATIONMAL

IMETWORK S,  THESE AND MANY _ OTHER  NETWORK CAMILIES ARE

AVALLABLE _AS _INTEGRATED CIRCUITS.  BOXES (IKE THOSE _SHOWN. . .
ARE . LOGIC  QIRCUIT. SYMEBOLS THAT  REPRESEMNT COMPLICATED

NETWORKS  OFE GATES

MULTIPLEXER (DATA SELECTOR) DEMULTIPLEXER
X Y —DATA 'SEJI_Ec-r-1 XY SHATA SELECT
% ' -
A, X N.1.0UT A X NN TO...
B s Lo | A B b | A
Cos —> ouT (O S - IN_ -2 ¢ LA B
D H. bt | ¢ .. D WLl €
H o H D Moyl D
ENCODER DECODER
COMUVERTS.  _DECIMAL - COMVERTS.  RINARY..TD
> AND _OTRER..DATA » - DECIMAL AND. BLD
- > TO... BANARY.. . USES . O DECIMAL DIGITS
"OR" GATES, . ON DIGITAL READOUTS,
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SEQUENTIAL _LOGIC  CIRCUITS

TIRE  OUTPUT STATE 0F A SEQUENTIAL toelc. CIRCUIT. 1S
DETERMINED BY. THE _PREVIOUS.  _STATE OFE _THE. INPUT. _IN
e | OTHE R WORDS.,..... BITS. . OF _ _OATA MOUVE THROUGH. SEQUENTIAL ...
CIRCUITS . STEP -RY ~SITEP. OETEN __THE DATA _ADVANCES.  ONE
STEP  WHEN. A _ PUSE. 1S _RECEWED From A "crocx!” (A

N RCUIT . THAT.  EMITS. . A _STEADY _STREAM _ OF PULSES). THE

ISEQUENTIAL _ LOGIC. . BUILDING. BLOCK S THE ELIP=FLOP.
HERE'S A __QuICK  ELIP- FLOP _REVIEW :

o ThE RASIC RS (RESET - SET) FLIP-FLOP

SR Q QS
ALSO  CALLED A > N A L_{ | (DISALLOWED)
LATCH . THRE. OLTPUTS J L. H = L
(e AND Q) ARE__ALWAYS :>< o W L H
IN._OPPOSITE _STATES. o= DU W BN H_H NO_CHANGE
(G _Means.  "nNor QL) R _— ESJ:_NE_F alEQ=0, @ =1)
O CLOCKED  "RS" E1P-FLOP _
. S RO Q
e | THIS_ LATCH  JGNORES T NI L L] NO cnamGE
DATA AT S AND R s P LWl R
ONTIL._A "crock” CLOCK -— BobLol K e
(oR _ENABLE). PULSE L= - BB (DSALLOWED)
ARRIWES.. THEN —~ \ P—=>Q  yaiD AETER CLOCK.
IT_CHANGES STATES. R— ./ PULSE _ARRIVES.
D"D" _(pATA _oR _DELAY) _ FLIP-FLOP
DLQ Q
D_ELIP-ELOPS —\ Lol L K
STORE THE \:‘..-—-—,L—G Hl. A L
CURRENT. _ouTPUTS — ] (OR)
BETWEEN _CLOCK, | CLOCK — ol o 1L
PULSES —~_ 1 \Wil.a 1l_1__0
DAT A A Jo— VALLD AETER CLOCK.
— PULSE _ ARRIVES.
o'k FLIP-FELOP _
| T K ey
ThE " TK' ELIP-ELoOP K Ny v L E% CAANGE
ALLOWS _BOTH / ) > Q LR LK
INPUTS.  TO BE M.  CLOCK — | - H L
(iN_WRICH CASE [ u Bl "toecrr”
TS OUTPUTS. "TOGGLE" N\ o= Q VALID. _AETER . CLOCK
OR__SWITCH _STATES I/ PULSE. ARR\WES
INT EACH CLocK PULSE.) '
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OMTY (TOGELEY ELIP-ELOP

OUT.PUT. (142 INPUT. . RATE)

THE A (oR_ Q). _OUTPUT LNPYT \ , "
St Cop ) FOR_EVERY H—NF¥ a1 T 1
OTHER. . INPUT__PULSE, L Ll - N
THEREEORE  THE. |NPUT LA Q > | P {
PULSES ARE DIVIDED RY
WO HERE ARE  SEVERAL WAYS _TD _ MAKE A"T" ELIP-ELOP:
| 1
T cLock @ == Lle Q = — 1 a b
T —dCtocK HiGH—4
— o Q> R Q> — Reoc A
- ] - i T T
"D _ELIP-FLOP CLOCKED RS" ELIP=FLOP TK_FLIP-FLOP
QD! FLUP-FLOP DATA_ STORAGE  REGISTER
HERE S  HOW . FOUR_"D" FLIP-FLOPS _FEORM A STORAGE REGISTER
—fOR MEMORY . THAT . " OADS" (SAVES) THE.  4H-EIT.  EINARY. MIBRLE »
AT ANPUTS  A=D _WHEN. THE "CLOCK’ _INPUT._ 15 "sTRoECED"
(PULSED).  MANY._ TYPES OF . TC. REGISTERS. ARE.  AVAILAELE.
DATA OUT—> Fz E»; i 3 )
STRORE CLOCK g — CLock g i— cLock @ - cLock  Q
GLOCK .= - B - - . - U e
T0. SAVE 1° Q e e | P Q- o Q-
THiS l I I
DATA | | ] LNPUT
S A B ¢ D. = N\RBLE
T ELP-FLOP  COUMTER CounTlp e g A
o D RO 0.0
HERE's  HOW.  FOUR "T" FLIP-FLOPS FORM. A 1..je00.1
H-BIT  BINARY.  COUNTER: 2 00i9Q
NPGT BULSES H A ﬁ . ?13{ - gié ;éﬂ, e
J2 1 o Q }—4 Q1. e 5 lo1o1
i LU T A T . LI de . |Q 110 .
- QI Q— Q- A o 5 U U SR
et 2 1000
EACR "T' FLIP-FLOP _DIVIDES. INCOMING _ PULSES _BY . 1001
TWO., AS... THE _BINARY. TRUTH.  TABLE REVEALS, .10 1010
THE RESOLT. 1S A COOO. —= 1111 BINARY COUNT. 11 3103 1
(THE__COUNT. RECYCLES TO. . Q000 AFTER THE _16™ 1211 100
INCOMING. PULSE.).  THERE ARE  MANY.  TYPES  OF 130111 0.1 '
¢  COUNTERS,  MOST OF  MWHICH  INCLUDE : 14...11.1.1.0
SPECIAL _EEATURE S (COUNT UP oR DOWN, RESET, ETC.). 15 11111

@0
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LOGIC _SYSTEM

A_COMBINATIONAL ~ SEQUENTIAL

HERE'S BOMW. . COMBIMATIONMAL _AND SEQUENTIAL...LOGIC . T.Cs

CAN. _FORM A _DECIMAL COUNTING CIRCUIT, A VERY _SIMPLE

DNGITAL  LOGLC. SYSTEM.
i o
1. THE RLOCK DIAGRAM [e17 >
PUSES TO |\ RCD~-To- |\
e BEL_COUNTED R D T-SEGMENT RIS PLANY
L T COUNTER DELCODER
JE e B R 1/ 1/
4
S ATHE BCD COUNTER  ADVANCES _ONE. _COUMT. . EOR {
e JEACH L INCOMING.  PULSE. _WHEMN __THE _COUNT \
REACHES 1001 (DPECIMAL..Q), THE COUNTER \_\_.
e AREBENCLES 700000, THE  DECODER ACTIVATES A
THE  APPROPRIATE. SEGMENTS. OF. AN_LED DISPLAY. . : “E"é“"“
2. THE _ CIRCUIT.  DIAGRAM - e%?gcf
= te . -
Y S ol i3 AAN & NI )
COUNT. IN 141 7490 14 7498 o 112 AAA__ BN ! \
2 e 19 1lg cllf\/\/\;cmr\ﬁ;
7490 = COUMNTER 3 4 110 AAA :dJ\]ﬂ/VI %
M4 = DECODER b clB _ 21¢ ela annel o H]
7 ‘ elis AaA_ s ngmr
RESISTORS. R1-RQ plil & p 3114 AN 9 VT ;
. |PROTECT _LED DISPLAY o] 5 N AN
_|eROM. EXCESS CURRENT. $ T \
= Ri=R1= \“COMMON”CATH;)DE,_
%, THE  ACTUAL . CIRCUIT 270-0BMS 2
' T COMMON
COUNT [N —>= = =) CATHODE LED
r , i . L\ DISPLAY.N
THE. rF
__loope !
o 'DROPS" 7]
b= VOLTS. . II 7] 7490
J0 = 3
. 5.4 youTs. Bl 4
.......... N U‘:,_ s
€y 3 B
.Ju 7 c
- TO. COMMON. CATHODE
Lo I




DIGITAL_TC EAMILIES PR
—_:'Q” %f./\ )I

THERE ARE  MORE. __THAMN A ‘"'»"\35/ NS
— |DOZEM . MAIOR __EFAMILIES OF Sl
— |RBIPOLAR AND MOS. _INTEGRA 1.4 v

CIRCUITS, EAcH T  Cor “emip”) SALA N\ !

CONTAINS A SPECIEIC _ LOGIC "’)v(“

NETWORK . OR ASSORTMENMT OF 4011 v

VARIOUS _ LOGIC FUMNCTIONS.

HERE __ARE  <SOME__OFE __ THE A_"QuUAD" (EFour) oF

MATOR _DIGITAL T¢ EAMWIES.: 2-INPUT _CMOS "NAND"GATES

L BIPOLAR  DIGITAL. IC'S

et 1. TRANSISTOR - TRANSISTOR 106IC (TTL OR _T2L). THE LARGEST

AND  FORMERLY MOST. POPULAR DIGITAL T EAMILY. CARN. CRANGE

STATES _MORE _THAM 20,000 000  TIMES. PER _SECOND VERY
—WNEXPENSIVE . DRAWERBACKS  MUsSYT. RE_ _POWERED.  RBY _ S- VOLT
SWUPPLY . USES  LOTS. of POWER . (INDVIDUAL GATES. REQUIRE

P i’y
— R OR Y MILLIAMPERES.)  MOST \WDELY.  _DSED 1S THE 7900 SERIES.

THE '7‘404; EOR EXAMPLE, GCONTAINS EQUR _ INVERTERS.

2 b QW -POWER SCROTIKY  TTL L S). A NEWER _KIND

OF TIL. THAT. COMSUMES OMLY. . 209% AS _MUCH  PDWER.

—JORAWRALK: MORE EXPEMS\VE  THANM STAMDARD TTL. MosT

o JWIDELY  USED IS THE  741S00. SERIES.

0 MOSFET  DIGITA! TIC's

1.8~ AND N-CHANNEL MOS __(PMOS ANMD KNMOS). CONTALM

MORE GATES PER. . CHIP THAN . TTL. _MANY _ SPECIAL PURPOSE

cHips  (MICROPROCESSORS, MEMORIES | EYC.). DRAWRACKS . FEw
COUNTERPARTS . TO POPU/AR  TIL _CHIPS. SILOWER. . THANM __TTIL

MAY REQUIRE WO . OR__MORE SUPPLY VOLTAGES. MAY __BE

_IDAMAGED RY STATIC ELECTRICAL DISCHARGE.,

2 COMPLEMENTARY Mos (cMOS). FASTEST GROWING

AND . MDST VERSATILE DiciTAL TIc EAMILY., THERE ARE

- MOS VERSIONS NE MosST POPULAR ITTL _CHIPS. QANIE

SER\E S USEZS THE SAME DESIGMNATION MU MEE RS, THE

-')qc.oq? EQR EXAMPLE IS __THE CMOS  EFQUWALEMT. OF THE

TTL IHOA, NEW HIGH~ SPEED CMOS JUST AsS. . FAST AS

TT, MosT C MOS HAS A ___WIDE SUPPLY. MDLTAGE RANGE

(TYPICALLY +3 TO + 18 VOLTS). USES LESS  POWER  1TH AN ANY

—JOTHER ..DiGITAL To  FAMILY, (INDIMIDUAL GATES REAQUIRE O.1 MILLI-

—JAMPEREN DRAWRAGCK: MAY RE DAMAGED RY STATIC ELECTRICAI DIS—
CHARGE, MOST WIDELY DSED ARE  74C00  AND  H4O0O SERIES.
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