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Logic Gates
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AT116 Toug TTivakeg aAnBeiag Byaivouve Ta akOAouBa cuuTTEPAOUATA :

1) H moAn NOT avaoTtpé@el To anua 10000u

2) H mUAn AND I1ooduvapei pe dUO dIOKOTITEG O€lpd . H TTUAN auth
ayer ,d0nAadn €£0d0¢ = Aoyiko ‘1°, yovo Otav Kai ol dUO JIAKOTITES Eival
KAEIOTOI .

3) H 1TOAn OR avriBeta 1coduvapei pe OUO OIAKOTITEG TOTTOBETNUEVOUG
TTapAdAAnAa. OTtav Opwe évag TOUAAXIOTOV OIOKOTITNG Eival KAEIOTOC
onAadr Aoyiko “1°, TOTE €xoupe £€000 AOYIKO ‘1°.

4) H 1UAn NAND eival ouvduaopog piag NOT kar piag AND 1TUANnG , Kavel
TNV avtioTpo®n Acitoupyia 1ng TTUANG AND.

5) H mmuAn NOR ¢ival o ouvduaouog twv muAwv OR kar NOT , dnAadn
eKTEAE TNV avriotpopn Aeitoupyia Tng TTUANG OR. Apa o Trivakag
aAnBeiag NG TUANG NOR eival avtiBeTog o€ oxéon ue ekeivov 1ng OR.

6) H TuAn XOR 110U OVOpddleTal Kal atrokAEIOTIKO ‘H’ yia va dwaoel €000
Ba TTpETTEl HOVOV [ia atTo TIC OUO £10000UG va TeBEI 0TO AoyIKS 1.

7) H 1mUAn XNOR 110U 0OUCI00TIKA €ival ouvOuaouog piag TTuAng XOR kai

Miag TTUANG NOT . O Trivakag aAnBeiag autig cival o avtiBeTog atroé TNG
XOR 1TUANG.



ANTQNIOZ MIX MAPATKOYAAKHZ

Graphic Algebraic Truth
Name symbal function table
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MIKPOHAEKTPONIKH & VLSI
ANTIZTPO®EAZ INVERTER

VERILOG

// DSCH 2.7a

// 16/10/2021 10:00:14 mp

input A A,

output na;

not #{17) inv(w2,A)

not #{10) inv(nAa,A)

not #{17) inv(w2, A)

nmos #({10) nmos(w&,vss,w [/ 1.0u 0.12u
pmos #({10) pmos (W&, vdc yr // 2.0u 0.12u
endmodule

// Simulation parameters in Verilog Format
always
$1000 A=~

2000 A=~

$4000 A=~

" Simulation parameters
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VHDL CODE

¢} NOT Gate: A logic gate whose input is complement of 1ts input.

Truth table Logic diagram

Input | Output
x = A Y

0 1
[0 INV

Y =NOT A

VHDL Code for NOT Gate:

-- File : notgate.vhd

-- Entity : notgate

-- University : Vishweswaraia Technological University
Belgaum Kamataka

-- Simulators g Mentor Graphics Modelsim OR Active HDL

-- Synthesizers . Xilinx ISE

-- Target Device : XC4000 Series

-- Description : WVHDL code 1o realize NOT gate functionality

--The IEEE standard 1164 package, declares std_logic, ete.
library IEEE;
use IEEE.std_logic_ 1164 .all;
use [EEE std_logic_arith.all;
use [EEE std_logic_unsigned.all;
mmmmmm e e e e ne e e BLLY Declatations ----s-eemsmeemeeomeaann-
entity notgate is
Port{ A :in sid_logic;
Y out sid_logic
I
end notgate;
architecture Behavioral of nolgate is
begin
Y<=not A ;

end Behavioral;
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2XHMATIKO AIATPAMMA — DATA SHEETS
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June 1989

&Nﬂtiﬂnat Semiconductor

54L.S04/DM54LS04/DM74LS04 Hex Inverting Gates

General Description Features

This device contains six independent gates each of which ™ Alternate Military/Aerospace device (54LS504) is avail-

performs the logic INVERT function. able. Contact a Mational Semiconductor Sales Office/
Distributor for specifications.

Connection Diagram

Dual-In-Line Package
AR Th aq Y4

Ve ¥
]1-1 |13 |12 1 |9 |s

mEm

|1 | z |3 |~l |5 Iﬁ | 7
a1 Y1 L ¥2 a3 ¥l GND
TL/F/6345—1
Order Number 54LS04DMQB, 54LS04FMQB, 54LS04LMQB, DM54LS04J, DMS4LS04W, DM74LS04M or DM7ALS04N

See NS Package Number E20A, J14A, M14A, N14A or W14B

A
| E— " \\\
’i’i )C)i Typical load in 0.12pm: 10fF
A

sajen BuiJaau| xaH ¥0ST2LINA/$0STHSING/P0STHS
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Function Table

=K
Input Output
A ¥
L H
H L

Absolute Maximum Ratings note)
If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.
Supply Voltage v
Input Voltage 'l
Operating Free Air Temperature Range
DMS54LS and 54LS
DM74LS

—55°Cto +125°C
G to +70°C

Note: The “Absolule Maximum Ratings™ are those values
beyond which the safely of the device cannol be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electnical Charactoristics”™
tabia are nof gquarantced at the absofute maximum ratings.
Tha "Recommeandod Operating Conditions ™ table will dafing
the conditions for aciual device operation.

Storage Temperature Range

65°C to +150°C

Recommended Operating Conditions

Symbol Pa DM54LS04 DM74LS04 Units
Min Nom Max Min Nom Max
Voo Supply Voltage 4.5 5 5.5 4.75 5 525 v
Vin High Level Input Voltage 2 2 v
Vi Low Level Input Voltage 0.7 0.8 v
lon High Level Output Current 0.4 0.4 mA
loL Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature —55 125 0 70 C

Electrical Characteristics over recommended operating free air temperature range {unless otherwise noted)

Symbol Parameter Conditions Min (N:::ﬂ Max Units
v, Input Clamp Voltage Voo = Min, [ = —18mA —15 v
Vou High Level Output Voo = Min, loy — Max, DMS54 25 3.4 v
Voitage Vi = Max DM74 27 3.4
Voo Low Level Output Voo = Min, Ig. = Manx, DM54 0.25 0.4
Voltage Vi = Min DM74 0.35 05 v
loL — 4 mA, Voe — Min DM74 0.25 0.4
I Input Current & Max Voo = Max, V) = TV 0.1 o
Input Voltage
hy High Level Input Current Vo = Max, V) = 2.7V 20 A
e Low Leve! Input Current Ve = Max, V) = 0.4V —0.36 mA
los Short Circuit Voo — Max DM54 —20 —100 =
Output Current (Note 2) DM74 20 100
loccu g'llplggs C:Ir;inl with Voo = Max 12 5.4 -
focy SAPPY Vo= 36 66 mA
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Switching Characteristics atvos = svand Ta = 25°C (See Section 1 for Test Waveforms and Output Load)
AL — 2k
Symbol Parameter Cy = 15pF Cp = S0 pF Units
Min Max Min Max
teLn Propagation Delay Time
Low to High Level Output 3 e * 12 ns
tpHi Propagation Delay Time
High to Low Leve! Output 3 10 4 A% ns
Mote 1: Al typecals are at Vipe — 5V, Ty — 2570,
Note 2: Mot more than one output should be shorted at a me, and the duration should not exceed one second.
Physical Dimensions inches (millimeters)
0,200+ 0008
|5 08010127
T
AR 0.015 + 0.0
g -l e {0,381 £ 0.254)
0.350 10,008 | 0.015 -
| {8890 10.203) D063 —0.07%5 0361 i | o Aon-pmn
' = T A0 1 8] NTR oy - | —io 178 ez
»
| U ), nowmooms
—0.35—0 N
: corr-nnsa § e
I ATNER-7 352)
[ T |
- _0.045 - 0,055 _+_ _'+
S i (103130 /, N 1 I
S BETAIL A TrF 0.057 - 0083 A 3
[ Mrmz-zi0g & _%
_ VP bbbl
Top Viaw Side View VP
P a5 0,040 £0.000
NIRRT
JFLCE
Boltam View
0015
| L 10351
[ (0.0 Max TYP
M Trp ¥ e
[ T
D55 [ D006
MAK TYR Y| 0%
KN TYF
JUIF
Uri
Detall A
30 8% T

Ceramic Leadless Chip Carrier Package (E)
Order Number 54LS04LMQB
NS Package Number E20A
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- fa.d38) -
A X
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MAX BOTH ENDS - B.300 000 aiso
2580 10259 o
m 148 (NCY O
14-Lead Ceramic Dual-In-Line Package (J)
Order Number 54LS04DMQB or DM541L.S04.
NS Package Number J14A
Physical Dimensions inches (milimeters) (Continued)
0335 - 0.3
T Esm-aTa )
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*— 'I. SEATING Y 3 T T
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Bem—0.04) o] L 1:.m| e = *%; :-:TQ; "
T¥P ALL LEADS 0008 008 = 1 710} e | [
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14-Lead Small Outline Molded Package (M)
Order Number DM74LS04M

NS Package Number M14A
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0.740 - 0779
- 112,80 19 55 e
2
[
. INDER
- ARER
) T 0230 20,018
(BE30 0. 25
o o
L LU D

TN ¥ o
10EHT T (2] [2] BEOa) Lol

0.042 0.0i0 mex //

1233 /0 TE3| DEPIH
DETHIN © OPTION 0%
0130005
|34 £0.02T)
A4S —0.200 .06 1
- | TYP | 47 TR
[1.6R% —5.040| 115243 f"#'. GETIIRAL
| - :
i T |
_r e
4 4 ! 00§
n.om L ] a0 +an YR 0.408)
ooE A=
W D1E—0150 borT pamzoms
ERT I ~ T emz0.38n
0804 - 0.0z i
masEons - PO I 1B
D toon . EHOEOZS)
il BA0L000 4
{8270 -0 54|

14-Lead Molded Dual-In-Line Package (N)
Order Number DM74LS04N
NS Package Number N14A
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54L.504/DM54LS04/DM74LS04 Hex Inverting Gates

0043
0026
e

0008
0004
e

n.oan
0,050

00502 0,005 —-v-l -
Ty

Physical Dimensions inches (millimeters) (Gontinued)

e 1,505 LK

-

. |'_
g%

uLmi

018
el b

| DAL A

0,570
0.250

i

-

o= 00T AT w1a ga
TEP

14-Lead Ceramic Flat Package (W)
Order Number 54LS04FMQB or DM54LS504W
NS Package Number W14B
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NAND GATE
VERILOG

fSf DSCH 2.7a
/f 16/10/2021 10:16:16 mp
S Ci\Users\User\Documentsh\export dsch2\Export

module nand2Cmos( B, A, A, B,B,A,A, B,

Nand2z, Nand2, Nand2, Nand2) ;

input B,A A, B,B,A A, B;

output Nand2, Nand2zZ, Nandz2, Nand2;

nmos ¥(107) nmos (w2,vss,B): f/ l1.0u 0.12u
pmos ¥(121) pmos (Nand2,vdd,B): fF 2.0m 0.12u
pmos ¥(121) pmos (Nand2,wvdd,a); ff 2.0m 0.12u
mnmos #(121) nmos (NandZ,w2,A): S/ 1.0u 0.12un
nmos ¥(121) nmos (Nand2,wsS,4): /F 1.0u 0.12u
pmos ¥(121) pmos (Nand2,vdd,f): ffS 2.0m 0.12u
pmos ¥(121) pmos (Nand2,wvdd,B):; fF 2.0m 0.12u
nmos ¥ (107) nmos (w5,vss,B): fF 1.0u 0.12u
nmos ¥(107) nmosz (wlD,wvss,By: fF 1.0u 0.12u

pmos ¥(121) pmos (Nand2,vdd,B): fF 2.0m 0.12u
pmos ¥(121) pmos (Nand2,vdd,a):; ff 2.0m 0.12u
nmos #(121) nmos (NandZ,wl0,A): S/ 1.0u 0.12Zu
nmos ¥(121) nmosz (Nand2,wl3,A); fS 1.0u 0.12u
pmos ¥(121) pmos (Nand2,vdd,f): ffS 2.0m 0.12u
pmos ¥(121) pmos (Nand2,vdd,B):; fF 2.0m 0.12u

nmos #(107) nmos (wl3,vs=s,B): fF 1.0u 0.12u
pmos ¥ (150) pmosz (vdd,wl7,wl8); fS 2.0u 0.12u
pmos ¥ (150) pmos (vdd,wl7,wl8): fF 2.0m 0.12u
pmos ¥(10) pmos (w2l,vdd,w20): /F 2.0u 0.12u
pmos #(10) pmos({w2l,vdd,w22): S/ 2.0u 0.12un
endmodule

S¥ Simulation parameters in Verilog Format
alwavys

#1000 B=~B:

#2000 A=~DL;

#4000 A=~L;:

#8000 B=~B:

#1&000 B=~B:

#32000 A=-~A;

#64000 A=-~A:

#128000 B=~B:

S Bimulation parameters

// B CLK 10 10
/f B CLE 20 20
Ff B CLK 40 40
/f B CLE 80 80
/4 B CLE 160 160
// B CLE 320 320
£f B CLE 640 &40
B CLK 1280 1280

ff

dsch2\nand2Cmos.sch

12
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VHDL CODE

Tue Oct 17 11:28:59 2017

“ NAND_2X1.vhd
o

O~ oy U W N

Y<=

A -217 Sl quree

NAND 2X1 1is

ture Behavioral of NAND 2X1

A NAND B;

Behavioral;

Page 1

13
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2XHMATIKO AIATPAMMA — DATA SHEETS

o L o L
= Lt
DA Nand2 DA Nand2
s 3 s 3
. .

= T S
e s
— —

vss vss
7 e

DM54L00
Quad 2-Input NAND Gates

General Description

This device contains four independent gates cach of which
porforms the logic NAND function.

W e

Poor solution” heavy load on Nand2

&Nﬂtiﬂnat Semiconductor

vdd

Nand2

Good solution

June 1989

Connection Diagram

Dual-in-Line Package
Vo B4 ad e B3 Al L]

|1‘- I3 |'IE‘ n 1] a ]

i ]2 |:| 1 5 ] 7

Al Bl ¥ Az B2 ¥2 GND
TLAF/BESA 1
Order Number DM541L00.J or DM541L00W
See NS Package Number J14A or W14B

Function Table

&l

Inputs

IIrr-|»
IrFIr-|®

mIII|=

sajen ANVN induj-z pend 001¥SING

H — High Logic Lewel
L = Low Loge Level

14
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Absolute Maximum Ratings mote)
If Military/Aerospace specified devices are reqmred,

please contact the

Mational Semi

Office/Distributors for availability and specifications.

Supply Voltage
Input Voltage

Operating Free Air Temperature Range

DMS7IL

Storage Temperature Range

BY
5.5V

55°Clo +125°C

—65°Cto +150°C

Recommended Operating Conditions

Note: The “Absofute Maximum FRatings” are those values
bayond which the safely of the dewice cannot be guaran-
tecd. The dovice showld not be operated at these limits. The
parametnic values defined in the “Electrical Charactenstics"

table are nol guaranfeed al the absolute maximum ratings.
The “ARecommendad Operating Conditions™ lable will define
the conditions for aclual device operation.

Symbaol Parameter e Units
Min MNom Max

Voo Supply Voltage 45 5 55 '
Vin High Level Input Voltage 2 W
Vi Low Level Input Voltage 0.7 v
lox High Level Output Current 0.2 mA
low Low Level Qutput Current 2 mA
Ta Free Air Operating Temperature 55 125 5 971

Electrical Characteristics over recommended operating free air temperature (unless otherwise noted)

g _ Typ %
Symbol Parameter Conditions Min (Note 1) Max Units.
Vioy High Level Ouput Vo = Min, lgy = Max
24 W
Voltage Vi = Max 43
Viou Low Level Output Voo = Min, I = Max
Voltage ViH = Min 015 0.3 v
Iy Input Current @ Max Voo = Max, V) = 5.5V 04 mA
Input Voltage ¥
1™ High Level Input Voo = Max, V) = 2.4V
Currant L il
I Low Level Input Voo = Max, V) = 0.3V
Current 018 mA
los Short Circuit Voo = Max K i
Output Current (Mote 2) 3 1= L
lccH Supply Current with Voo = Max
Outputs High 0.44 0n.e mA
oo Supply Current with Voo = Max
Outputs Low 1.16 204 mA

Maole 1: Al typicals are al Vi, — 5V, Ty — 35°0

Maote 2 Not mdre than one should be shorted at a Gime.

Switching Characteristics atvg; - 5vand T, — 25°C (See Section 1 for Test Waveforms and Output Load)
Symbol Parameter Conditions Min Max Units
lpLH Propagation Delay R = 4 kil 60 3

Low to High Level Output Gy = 50pF
teHL Propagation Delay &0 o
High to Low Level Output

15
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DM54L00 Quad 2-Input NAND Gates

Physical Dimensions inches (millimeters)

0,785

- T

MAX
[l [i3] 2] ] [ie] [e] [}

0.025

{0.635)
RAD \g

0220 —l],3‘il]_
(6.688-7.874)

O ) o] o =] Is] L2

0.290-0.320 0.005 g 0.200
{7.366-8.128) m}:ul;:] GLASS 0.060 +0.605 {5.080)
i 55"'#““ 18240127 | MAX o420 9,060
9158 ¢ 1 i = I jos08-1.528)
4.572) Mmﬂ el
t 95° =5° 86°94° TYP N : i
107 MAX 0.008—0.012
|l odw-nae | mm-unﬂ:f] L R 14]—. 5 -
{7.8T4-10.41) ] i :
2480 045720878 13.175-5.080)
MAX BOTH ENDS 0.100 =0.010 0.150
ﬂ 540 20,258} m
MIN J14h (REV G

14-Lead Ceramic Dual-in-Line Package (J)
Order Number DM54L00J
NS Package Number J14A

Physical DImensions inches (millimeters) (Continued)

ot e D.0BE
o050 0,503 MK
0.043 0% - .0 MM TTP
TR BidspE Ry - = [+ w0 T
TP i nannt: 1
0.570
0250
= D.2RD Wax 0.260
2 CLe5E n.25n
ill Sy = | <85
|
BRI A
EEINL & A J 0570
N 250
Bk 81—
L ,
gggf-—-— E : :1 Bl e -I b I[-'P'A'. LT PGS

e

14-Lead Ceramic Flat Package (W)
Order Number DM54L00W
NS Package Number W14B

16
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NOR GATE - VERILOG

Sf DSCH 2.Ta
S 161072021 10:28:26 mp
S C:i\Users\User'Documentsiexport dschZ2hExport

module norZCmos{( A, B, b, B, A, 0, B,B,
A,a,Nor2 HorZz, Hor2, Norz Hor2) :

input A,B,b,B, A, A B, B;

input A,a;

ocoutput HorzZ,HorZ, HorzZ,HorzZ,HorzZ:;

pmos #(121) pmos (MorZ2,wl,B): f/ 2.0u 0.12u
pmos #(107) pmos({wl,wvdd, A} /F Z2.0u 0.1Zu

nmos #(121) nmos (Mor2,vss,B): f/ 1.0u 0.12u
nmos ¥ (121) nmos (HorZ,wvss, h): ff 1.0u 0.1Z2u
nmos #(121) nmos (Mor2,vss, A): f/ 1.0u 0.12ua

nmos #(121) nmos (NorZ,vss,B): S/ 1.0u 0.1Zu
pmos #(107) pmos (wo9,wdd, A} fF Z2.0u 0.1Zua

pmos #(121) pmos (NorZ,wS,B): S/ 2.0u 0.12u
pmos #(121) pmos (Mor2,wl0,B): S/ 2.0u 0.12u
pmos #(107) pmos (wl0,wdd,R): // 2.0u 0.12u

nmos #(121) nmos (MorZ,vss,B): f/ 1.0u 0.12u
nmos #(121) nmos (Mor2,vss, A): f/ 1.0u 0.12u
nmos #(121) nmos (Mor2,vss, A): f/ 1.0u 0.12ua
nmos #(121) mmos (Mor2,vss,B): f/ 1.0u 0.12u

pmos #(107) pmos (wl7,wvdd,A): fSf 2.0u 0.12u
pmos #(121) pmos (Mor2,wl7,B): f/ 2.0u 0.12u
nor # (16} noxrZ (Norz2,a,b):

nor #(9) norZ (w22,w20,w21):

pmos #(17) pmos (w25, w23, w24): fS 2.0u 0.1Z2u
nmos #(17) mmos (w25,vss,w26): S/ 1.0u 0.12u
nmos #(136) nmos (vss,w25,w24): F/ 1.0u 0.12ua
pmos #(10) pmos (w23,wvdd,w26): S/ Z2.0u 0.12u
endmodule

S Simulation parameters in Verilog Format
always

#1000 A=~N;
#2000 B=~B;
#4000 b=~b;
#8000 B=-~B;
#16000 D=~R;
#32000 h=-~N;
#64000 B=~B:
#128000 B=~B:
#256000 A=~A;:
#512000 a=-~a;

S Simulation parameters
Ff A CLK 10 10

£ B CLK 20 20

S b CLE 40 40

Ff B CLK 80 80

S5 A CLE 160 160
Sf A CLE 320 320
S B CLE 640 640
Sf B CLE 1230 1280
Sf A CLE 2560 2560
S a CLE 5120 5120

dsch2\nor2Cmos.sch
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NOR VHDL CODE

e) NOR Gate: A logic gate whose outpui logic *17 if and only if all of its inputs are
logie 0

Truth table Logic diagram

Inputs | Output |
A | B Y A 2

0 | 0 0 B ) 1 Y
0 1 1 | 3
114 : NORZ

1 | 1

Y=ANORB

=(A+ B\

VHDL Code for NOR Gaite:

-- File : norgate, vhd

-- Entity : norgate

-- Umiversity ! Vishweswaraia Technological University
Belgaum, Kamataka

-- Simulators : Mentor Graphics Modelsim OR Active HDL

-- Synthesizers : Nilinx ISE

-- Target Device : XC4000 Series

-- Description : VHDL code to realize NOR gate functionality

--The IEEE standard 1164 package, declares sid_logic, ete.
library 1EEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_arith.all;
use IEEE std_logic_unsigned.all;
mmmmemm e s e m e e eees BLILY Declaralions -=--e=-—m-meeeeemeeeeaas
entity norgate 15
Porti A :in sid_logic;

B:in sd_logic;

Y out std_logic

I

end norgate;

architecture Behavioral of norgate is
begin
Y<=AnorB
end Behavioral;
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ANTQNIOZ MIX MAPATKOYAAKHZ

2XHMATIKO AIATPAMMA — DATA SHEETS
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Quad 2-Input NOR Gate

General Description

This device contains four independent gates each of which

performs the logic NOR function.
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Ordering Code:

Order Number | Package Number Package Description
DMT4LS02M MI14A 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-120, 0.150 Narrow
DM74LS025] M14D 14-Lead Small Qutline Package (S0P}, ElAJ TYPE I, 5.3mm Wide
DMT4LS02N M14A 14-Lead Plastic Dual-In-Line Package (PDIF), JEDEC MS-001, 0.300 Wide

Deviges alse available in Tape and Reel. Specify by appending the suffix letter "X to the ordering code.

Connection Diagram

Vi 4
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Function Table

Y-A+B
Inputs QOutput
A B Y
L L H
L H L
H L L
H H L

H =HIGH Logic Level
L = LOW Logic Level
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ANTQNIOZ MIX MAPATKOYAAKH2

DM74LS02

Absolute Maximum Ratingsote 1)

Supply Voltage TV
Input Voltage T
Operating Free Air Temperature Range 0°C to +70°C

Storage Temperature Range 65°C to +150=C

Recommended Operating Conditions

Mote 1: The “Absolute Maximum Ratings® are those ualues beyond which
the safety of the dewice cannct be guaranieed. The device should not be
operated at these limits. The parametric values defined in the Electrical
Characteristics tables are not guaranteed at the absolute maximum ratings.
The "Recommended Operating Conditions™ table will define the conditions
for actual device operation.

Symbol Parameter Min Nom Max Units
Vo Supply Voltage 475 5 5.25 v
Vin HIGH Level Input Voltage 2 v
ViL LOW Level Input Voltage 0.5 v
lon HIGH Level Output Current -0.4 mA
loL LOW Level Cutput Current & mA
Ta Free Air Operating Temperature [1] 7O *C

Electrical Characteristics

owver recommended operating free air temperature range (unless otherwise noted)

Typ
Symb-ol Parameter Conditions Min Max Units
(Note 2)
Wy Input Clamp Voltage Ve = Min, | =18 mA -1.5 W
W, HIGH Level W = Min, |y = Max,
o o ek 27 34 v
Cutput Voltage Wiy = Max
Vi LOW Level W Mim, |, Max,
et ok Sl 0.35 o5
Dutput Voltage Wiy = Min W
I, =4 mA, Ve = Min 0.25 0.4
Iy Input Current @ Max Input Voltage Wen = Max, V) =TV o1 rf
lyw HIGH Level Input Current Vom = Max, Vi =27V 20 A
Iy LOW Level Input Current Ve = Max, V) = 0.4V 0.40 mé.
los Short Circuit Output Current Wer = Max [Mote 3) 20 100 mé,
lech Supply Current with Outputs HIGH Veop = Max 148 3z ma,
leei Supply Cumrent with Outpuis LOW Ve = Max 2.8 5.4 mé,
Mote 2: All typicals are at Wi = 5W T, = 25°C.
Mote 3: Mot more than one output should be shorted at 3 time, and the duration should not exceed one second.
Switching Characteristics
at Vo =5V and Ty =25°C
Ry =2 k02
Symbol Parameter Ty =15pF Ty =50 pF Units
Min Max Mim Max
to 1 Propagation Delsy Time
13 18 ns
LOW-to-HIGH Level Cutput
tesm Propagation Delay Time
10 15 ns
HIGH-to-LOW Level Cutput
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ANTQNIOZ MIX MAPATKOYAAKH2

thsical Dimensions inches (milimeters) unless otherwise noted
0 395 - 0. 44
" 10508 -1 738 -
| |
LCU I R IR I
i 1 i
07 -0 1
{57915 198 ?E*\
= ; -‘.
“an y_TUTOUTH_¢t ¢
1 7 3 4 5 & 1 i
D010 yy
0.5
0150 =0,157
Iu ;u_a.:m p—
2 0081 - 8.0
A e i
i B MAXTYP 1 0.004 —0.800
| AL LEALS 1 10.102-87M)
.1 s VI |
i [ L__T PLANE ? [ , i
0.008 .0t b B s J 0.01-0.020
03 - 0.0 - 0,850 o — -— e | - T
TYP AL LEADS 1T it 408 - 1,270] i | " -
7] TYP AL LEADS b Ty R
RLL LERD TIPS s iy
14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-120, 0.150 Narrow
Package Number M14A
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ANTQNIOZ MIX MAPATKOYAAKH2

DM74LS02

thsical Dimensions inches (millimeters) unless otherwise noted (Continued)
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" 58201 ‘ 9.27 TYP
|

& p—=<H——1
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LAND PATTEAMN RECOMMENDATION
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[# (0.2 @ [c[A]

DINEMEIONS ARE IN MILLIMETERS

NOTES:

A CONFORMS TO EIA) EDR-7320 REGISTRATION,
ESTABLISHED IN DECEMBER, 1998,

B. DIMENSIONS ARE IN MILLIMETERS.

C. DIMENSIONS ARE EXCLUSIVE OF BURRS, MOLD \
F SH, AND TI R IOINS,
LAS D TIE BAR EXTRUSIONS SEATING PLANE

M1dDRevBE1

DETAIL A

14-Lead Small Outline Package (SOP), EIAJ TYPE I, 5.3mm Wide
Package Number M14D
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ANTQNIOZ MIX MAPATKOYAAKH2

Physical Dimensions inches (milimeters) unless otherwise noted (Continued)
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14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide
Package Number N14A
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ANTQNIOZ MIX MAPATKOYAAKH2

AND GATE

VERILOG CODE

// DSCH 2.7a
// 16/10/2021 10:40:03 mp
S Ci\Users\User\Documentshexport dschZ2\Export

module and2Cmos( B, A,A0,B, B, 0,0, B,
Lnd2, And2, And2, And2) ;
input B,A,A,B,B,A,A,B;
output And2,And2,And2, And2;
pmos #(114) pmos (And2,vdd,w2); S/ 2.0u 0.12Zu
nand #(16) nand2 (W7,wW5,wW&)
nmos #(114) nmos (And2,wvss,w2): S/ 1.0u 0.12u
pmos # (128) pmos(w2,vdd,A)r f/ 2.0u 0.12u
nmos #(128) nmos (w2,w8,8); S/ 1.0u 0.12u
not #(3) inv(wS,wT):
and #(9) and2 (wl2,wl0,wll);
nmos # (107) nmos (w8,vss,B); // 1.0u 0.12u
pmos #(128) pmos(w2,vdd,B}; // 2.0u 0.12u
pmos ¥#¥(128) pmos(wl4,vdd,B): S/ 2.0u 0.12u
nmos # (107) nmos (wlée,vss,B): f/ 1.0u 0.12u
nmos #(128) nmos (wl4,wle, A); f/ 1.0u 0.12u
pmos #(128) pmos(wld,vdd,A): f/ 2.0u 0.12u
nmos #(114) nmos (And2,vss,wl4): S/ 1.0u 0.12ua
pmos #(114) pmos (And2,vdd,wl4);: S5 2.0u 0.12u
pmos #(114) pmos (And2,vdd,wlS); S/ 2.0u 0.12u
nmos #(114) nmos (And2,vss,wlS); S/ 1.0u 0.12u
pmos #(128) pmos (wlg,vdd,a):; S/ 2.0u 0.12u
nmos #(128) nmos (wl9,w22,4); S/ 1.0u 0.12u

nmos # (107) nmos (w22,vss,B): /f/ 1.0u 0.12u
pmos #¥(128) pmos(wl9,vdd,B): S/ 2.0u 0.12u
pmos #(128) pmos (w24,vdd,B):; f/ 2.0u 0.12u
nmos #(107) nmos (w26,vss,B); /S 1.0u 0.12u
nmos #(128) nmos (w24,w26,4):; f/ 1.0u 0.12u
pmos #(128) pmos (w24,vdd,d): f/ 2.0u 0.12u

nmos #(114) nmos (And2,vss,w24); S/ 1.0u 0.12u
pmos #(114) pmos (And2,vdd,w24); S/ 2.0u 0.12u
endmodule

SF Simulation parameters in Verilog Format
always

#1000 B=-B:

#2000 RA=-~A:

#4000 RA=-~A:

#8000 B=~B:

#16000 B=~B:

#32000 B=~0;

#64000 B=~0;

#128000 B=~B;

SF Simulation parameters

S B CLK 10 10

fFf A CLK 20 20

S B CLEK 40 40

f/f B CLE 80 B0

f/f B CLE 160 160
fFf A CLK 320 320
fFFf B CLE 640 640
ff B CLK 1280 1280

dsch2)\and2Cmos.sch
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ANTQNIOZ MIX MAPATKOYAAKH2

VHDL CODE

m—
_ ANDgate.vhd , - B Sat Oct 16 0B:39:52 ZOE}N

1 s T e R e e e e e e e i i, R e e e o ot s o o o o e s e
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I
I

ite]

Tl -
12
13
14 —
135 -
186 --
17 -
18
i  ememesessee i s et i
20 rar :
21 1 . .ALL;
22
h 2 entity ANDgate
24 Part | K & ir 7
25 :
26

£
<

28
29
30 )i

31 nd ANDgate;

32

33 irchitecture Behavioral of ANDgate
34

35

36

37 F <= A and B and C and D and E;
38

39 nd Behavioral;
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ANTQNIOZ MIX MAPATKOYAAKHZ

2XHMATIKO AIATPAMMA — DATA SHEETS

a
s
b

26

And2




ANTQNIOZ MIX MAPATKOYAAKHZ

June 1989

ﬂNﬂtfﬂnai Semiconductor

54LS08/DM54LS08/DM74LS08 Quad 2-Input AND Gates

General Description Features

This device contains four independent gates each of which W Alternate Military/Aerospace device (54L508) is avail-

performs the logic AND function. able. Contact a Mational Semiconductor Sales Office/
Distributor for specifications.

Connection Diagram

Dual-In-Line Package

Vee (7] ad ¥4 B3 A3 ¥3

L] 13 ITE F 1]

o o
D[

1 2 la 4 5 6 |}

Al 1] Y1 nz B2 Y2 GND
TLIF /3471

Order Number 54LS08DMQB, 54LS08FMQB, S4LS08LMQEB, DM54LS08J, DMS4LS08W, DM74LS08M or DM74LS08N
See NS Package Number E20A, J14A, M14A, N14A or W14B

Function Table

Y = AB
Inputs Qutput
A B Y
L L L
L H L
H L L
H H H

H = High Logic Level
L = Low Logic Lewel

sajen NV 1nduj-z penp 80S1¥2ZINA/80ST1¥SINA/80S 1S

27



ANTQNIOZ MIX MAPATKOYAAKH2

Absolute Maximum Ratings qote)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.
Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range

Note: The “Absofute Maximum Ralings™ are those values
beyond which the safely of the device cannot be guaran-
feed. The dewvice showld not be operated af these fimits. The
parameinic values defined in the “Electrical Charactenistics™
table are nof guaranteod at the absolute maximum ratings.
The "Recommaended Operating Condlitions™ table will define
the conditions for actual device operation.

DMS54LS and 5418

—&65*"Cto +125°C

DM74LS "G to +70°C
Storage Temperature Range 65°C to 1 150°C
Recommended Operating Conditions
bol Par DM54L508 DM74LS08 Units
Nom Min MNom Max
Ve Supply Voltage 45 5 5.5 475 5 525 W
Vig High Level Input Voltage 2 2
Vi Low Lewvel Input Voltage 0.7 08
lon High Level Output Current —0.4 —0.4 mA
o Low Level Qutput Current 4 8 mA
Ta Free Air Operating Temperature 55 125 [v] 70 G
Electrical Characteristics over recommended operating free air tomperature range (unless otherwise notad)
Symbol Parameter Conditions Min (Note 1) Max Units
v Input Clamp Voltage Vo = Min, I = —18 mA —15 v
VoH High Level Output Voo = Min, gy = Max, DM54 25 a4 "
Voltage Vil = Min DM74 27 34
VoL Low Lewvel Output Voo = Min, Igy = Max, DM54 0.25 0.4
Voltage Vil = Max DM74 0.35 0.5 v
Ig. = 4mA, Voe — Min DM74 0.25 0.4
Iy Input Current @ Max Voo = Max, Vy = 7V oA mA
Input Voltage
{1 High Level Input Current Voo = Max, V) = 2.7V 20 A
I Low Level Input Current Voo = Max, V) = 0.4V —0.36 mA
Ing Short Circuit Voo = Max DM54 —20 —100 Y
Quitput Current (Mote 2) DM74 —o0 —100
locH Supply Gurrant with Voo = Max
0 ts High 2.4 48 mA
'Seh Supply Current with Vo = Max
Dutputs Low 4.4 8.8 mA

Switching Characteristics at voc = 5V and Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

Ay — 2k
Symbol Parameter Cp = 15pF CL = 50 pF Units
Min Max Min Max
tpLH Propagation Delay Time
Low to High Level Output = 13 . " .
tap Propagation Delay Time
High to Low Level Output % M o n e

Mote 1: Al typicals are at Vo — 5V, Ty — 2570
Note 2: Mot more than one cwput should be shorted at & ime, and the duration should not excesd one second.
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ANTQNIOZ MIX MAPATKOYAAKHZ

Physical Dimensions inches (milimeters)
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14-Lead Ceramic Dualk-in-Line Package (J)
Order Number 54LS08DMQB or DM54LS08.J
NS Package Number J14A
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ANTQNIOZ MIX MAPATKOYAAKH2

Physical Dimensions inches (milimeters) (Continued)
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14-Lead Molded Dual-in-Line Package (N)

Order Number DM74LS08N
NS Package Number N14A

30



ANTQNIOZ MIX MAPATKOYAAKHZ
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54L.S08/DM54LS08/DM74LS08 Quad 2-Input AND Gates

aae |l

Physical Dimensions inches (millimeters) (Continued)
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14-Lead Ceramic Flat Package (W)
Order Number 54LS08FMQE or DM54LS08W
NS Package Number W14B
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ANTQNIOZ MIX MAPATKOYAAKH2

VERILOG

OR GATE

S/ DSCH 2.7a

S 161072021 10:48:59 mp
S CivUsers\User\Documentsiexport dsch2ZWExport dsch2‘orZCmos.

module or2ZCmos( A, B,0r2);
input L, B;
outpuat 0r2;

pmos ¥ (10) pmos (w2,vdd,wl): //
mmos #(10) nmos (w2,vss,wl): //f
mmos ¥ (73) nmos (vss,wl,w3): ff
pmos #(45) pmos (vdd,wd,w3): SS

nor #(16) nor2 (w7,w5,wE)

2.0u 0.12u
1.0u 0.12u
1.0u 0.12u
2.0u 0.12u

-

pmos ¥ (10) pmos (wd,wl,w8): //f 2.0u 0.12u
nmos ¥({128) mmos (wl0,wvss,4); JF 1.0u 0.12u

not ¥#(3) inv(wll,w7):

mmos ¥(128) mmos (wl0,wss,B): SSF 1.0u 0.12u
pmos ¥(107) pmos(wl3,vdd,n); ff 2.0u 0.12u
pmos ¥(114) pmos (Or2,vdd,wld): S/ 2.0u 0.12u

or ¥(9) or2(wl7,wls,wlE)

"
-

pmos ¥(128) pmos(wl0,wl3,B):; ff 2.0u 0.12u
nmos ¥(114) nmmos (0r2,vss,wld): S 1.0u 0.12u
nmos ¥(31) nmos (wl,vss,wB):; S/ 1.0u 0.12u

endmodule

S Simulation parameters
alwavs

¥1000 R=~A;

#2000 B=~B;

Sf Simulation parameters
S A CLK 10 10

Sf B CLKE 20 20D
I

in Verilog Format

sch
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ANTQNIOZ MIX MAPATKOYAAKHZ

VHDL CODE

bJOR Gate: A logic gate whose output 15 logic *0° if and only if all of its inputs are
logic 0.

Truth table Logic diagram

Inputs | Output |
A B | V A : 1 Y
0 | 0 0 B 3 }

0 l 1

] 0 1 | ORz

1|1 1|

Y =AORB
=A+B

VHDL Code for OR Gate:

-- File : orgate vhd
-- Entity : orgale

-- University : Vishweswaraia Technological University
Belgaum, Kamataka

-- Simulators : Mentor Graphics Modelsim OR Active HDL

-- Synthesizers : Xilinx ISE

-- Target Device ; KC4000 Series

-- Deseription : YHDL code to realize OR gate functionality

--The IEEE standard 1164 package, declares std_logic, ete.
library IEEE;
use IEEE. std_logic_1164.all;
use IEEE std_logic_arith.all;
use [EEE std_logic_unsigned.all;
el £ 11 Crul 11 111 11) LI
entity orgate 15
Porti A :in std_logic;

B:in sid_logic;

Y out std_logic

)i

end orgate;

architecture Behavioral of orgate is
begin
Y<=AorB;

end Behavioral; i 500, oo 600 2000 , 2500 3000 . 3500

{/ el L L L
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ANTQNIOZ MIX MAPATKOYAAKHZ
2XHMATIKO AIATPAMMA — DATA SHEETS

- ) b

OR2 made from NORZ and Inverter
ORZ Gate

AE« :
DT
e H

o2
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ANTQNIOZ MIX MAPATKOYAAKHZ

&Nﬂtiﬂnﬂi Semiconductor o
54L.S32/DM54LS32/DM74LS32

Quad 2-Input OR Gates

General Description Features

This device contains four independent gatos cach of which ™ Alternate Military/Aerospace device (541.532) is avail-
porforms the logic OR function. able. Contact a MNational Semiconductor Sales Office/

Distributor for specifications.

Connection Diagram

Dual-in-Line Package
Voo B4 A4 YA B3 A3 Y3
[1a |1z |1z J1u o o |s
1 | 2 ] 3 4 | 5 l 8 l 7
A1 B1 Y1 AZ B2 Y2 GND

TL/FMG381 -1
Order Number 541 532DMQB, 54L532FMQB, 541 S32L MQB,
DM54LS32), DM54LS32W, DM74LS32M or DM74LS32N
See NS Package Number E20A, J14A, M14A, N14A or W14B

Function Table

Y=A+B
Inputs Output
A B Y
L L L
L H H
H 1 H
H H H

H = High Logic Lovel
L = Low Logic Lowel

sajen YO Indu|-g pend ZeSTr2LINA/2ESTYSING/ZESTIVE
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ANTQNIOZ MIX MAPATKOYAAKH2

Absolute Maximum Ratings (o)
If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.
Supply Voltage ™
Input Voltage ™
Operating Free Air Temperature Range
DMS54LS and 5415
DM74LS

Storage Temperature Range

-55°Cto +125°C
0°C to +70°C

—B5"Cto +180°C

Recommended Operating Conditions

Note: The "Absolufe Maximum Ratings™ are those values
beyond which the safety of the device cannot be guaran-
tocd. The device showld not bo oporatod at these fimits. The
parameiric values defined in the “Flectnical Charactenstics™
table are nol guaranieed al the absolute maximum ratings.
the condilions for aciual device operation.

Symbol Parameter o e Units
MNom Min Nom Max
Voo Supply Voltage 45 5 55 475 5 525 v
Vin High Level Input Voltage 2 2 v
Vi Low Level Input Voltage 0.7 0.8 1"}
loH High Level Output Current 0.4 0.4 mA
oL Low Level Qutput Current 4 a8 mA
Ta Free Air Operating Temperature —55 125 0 70 G, "
Electrical Characteristics over recommended operating free air temperature range {unless otherwise notad)
Symbol Parameter Conditions Min (Note 1) Max Uniits
V) Input Clamp Voltage Voo = Min, ) = —18 mA —1.5 W
Vou High Level Cutput Vg = Min, Igy = Max DM54 25 3.4 v
Voltage Viy = Min DM74 27 3.4
Vo Low Level Output Ve = Min, Ig, = Max DM54 0.25 0.4
Voltage Vi = Max DM74 0.35 0.5 v
Ig. = 4 mA, Vo = Min DM7 4 0.25 0.4
I Input Current @ Max Veg = Max, Wy = 7V o i
Input Voltage '
[T High Level Input Current Voo = Max, V) = 27V 20 i
Iy Low Level Input Current Voo = Max, Vy = 0.4V 0.36 mA
los Short Circuit Voo = Max DMS54 20 100 i
Output Current (MNote 2) DMT4 20 100
locH Supply Current with Voo = Max
Outputs High 3.1 6.2 mA
lcoL Supply Current with Voo = Max
0 A 4.9 98 mA

Switching Characteristics atvee - s5vand T,

25°C (Sec Section 1 for Test Waveforms and Output Load)

R = 2 kf}
Symbol Parameter Cy — 15pF C_ = 50pF Units
Min Max Min Max
to Propagation Delay Time
Low to High Level Output . " & e .
tpyL Propagation Delay Time
High to Low Lovel 3 11 4 15 ns

Mate 1: Al typicals are at Vpr, — 5V, Ty — 25°0.
Male 2: Mot more than one output should be shorted at & time, and the duration should not exceed one second.
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Physical Dimensions inches (milimeters)
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Physical Dimensions inches (milimeters)
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Physical Dimensions inches (milimeters) (Continued)
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= Mask Layout and Stick Diagram for a CMOS Inverter

| 1 o
2

=

L

Metal3 Port
Metalz Fort
Metall Port
FPolysilicon Port

d4—h

e
H n

|
eoe

|
|‘
r

Metal2
— Metal2
. @ Metalt
= Polysilicon

N Diffusion

P Diffusion

Caontact

Tap

Combined contact
& tap

HCe

&
.

= Transistors

A transistor exists where a polysilicon stick crosses either an N diffusion stick (NMOS transistor) or a P diffusion stick (PMOS transistor).

Gate Gate

Source - - Dirain Source Cirain
(Dirain) (Source) (Drain (Source)

NMOS PMOS

= Implied Connections and Crossovers
Where two sticks of the same colour meet or cross there 1s always a connection.

Where two sticks of different colours meet or cross there 1s no implied connection.

Metal3
Metall —— Metal2
= Metall
Metal1 = Polysilicon

—t—f——t—— N Diffusion
Metal1 P Diffusion

Conductors Join Conductors Cross
(Mo Connection)

MNote that N and P diffusions mav not cross each other Where poly crosses diffusion we have a transistor (see above).
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Contacts

A comectonmay e exphtly defind sing il lack il the general caseacomection ' et wher ek e s st by sty of o (ough which a "ot o’ ey b efine) hus P difhsion may connect et ot ot ety
oMl

el el
i ol
= el b
; Pl 4= Filgim
=== N0 = 10
N (R
|

Pomnied Corads~—~ Pomited Cotac'
ssumig o sacked confacs (Assumng stckedcotac|

I proces e stacked cotat e permte, ey contt etween noadacnt cndactrs: . beveen PlyandMel§, i e cse e conection o et e (Ve and Nl s mple

Taps

The tap eptesats & connecton tosomething we e se: et the N-Wel(nofshowa on our stk cagram) o the wafer substrate: A tap s defined vstngan illed black squere. Here thee will e ol oneconductor cossn the square (Metll power o ground ).

-

A N-Well T s nfrred whe the comuefion s fom a powe sl whle a Substate Tap s infered where the connection s fom 2 ground sl

Combined Contacts & Taps

We can ofen save space by using  combimed contactand ta. Here thetep sharesthe same Actve Area asthe contact, A combined contact andtap s defned using a illed blacksquare n place ofthe source contact(illd blck cicl).

I

4 combined contact and tap can oy be sed where theend of a iffsion sk comncdes v  contact o the power or ground el
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Stick Diagram Colour Code

P diffusion : Yellow/Brown Metall : Blue

M diffusion : Green Metal? : Magenta/Purple
Polysilicon :Red Metal3 : Cyan/Turquoise

Contacts & Taps : Black

If you deviate from these colours vou will need to include a key with your stick diagram.

PULL UP NETWORK — PULL DOWN NETWORK

Voo
In, 0 [
Ina 00— PUN pull-up: make a connection from V, to F when
: F“ﬂj.fﬂz. T Iin”} = 1
p—0 F (In,.Ins, ... In,)
Iy
e
He 0 # PDN pull-down: make a connection from Vj to V,; when
: F(tnyin,, ... In,) =0
Iy O—t
i
Vss

A general representation of PUN and PDN.

EXAMPLES OF PULL UP AND PULL DOWN NETWORKS

VDD VIJ[‘J

PULL UPNETWORK -§—

| I .

AR ER

| | <

BN |

.I-’ -A-B
AR Br-A+B

Bm

PULL DOWN NETWORK

AR I HE I

i
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TO NMOS AlEl OTAN H NMYAH G EINAI XTO AOT'IKO 1", ENQ TO PMOS
ArEl OTAN H MYAH G EINAI XTO AOIIKO ‘0. TA PMOS TAPAIOYN
IZXYPOYZ A220YZ (1), KAl TA NMOS MNMAPATOYN IZXYPA MHAENIKA (0).

NMOS ZE 2EIPA EINAI TTYAH AND .
NMOS NAPAAAHAA EINAI TTYAH OR .
PMOS ZzE 2EIPA EINAITTYAH NOR
PMOS NAPAAAHAA EINAI TTYAH NAND

MYAH NAND 2 EIZOAQN

vdd
Pull up
a @| bﬁ CHEtWDrk
® » Y
a—
Pull down
— network
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XAPAKTHPIZTIKH META®OPAZ TAXHX
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[eproy Taon 106600 v, [Taon e£6dov v, |Transistor NMOS | Transistor PMOS
1 1S Vi Vo= Voo Amokoni I'poappkn
2 Vin<wv;Svp+ Yynan Ko6pog [pappuxn
Vip
3 vy = Vpp/2 Vpp/2 Képog Koépog
4 vo+ Voy <o < Xaunhn I poppikn Ko6pog
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AOTIKH SYNAPTHZH : F= (A|B) & (A|C) AF=(A+B)* (A+C)
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M Analog simulation of example
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VHDL CODE

[MOAUTTAEKTNG 2 o€ 1

X

«_2X1.vhd

1 k

2

3

4 y mux_2X1

5 { SEL :

6 A

7 B

8 X

9 nd mux_ 2X1;

10

i & : Behaviora
12 r

13 X <= B when (SEL =
14 Behavioral;

Sat Oct 16 08:47:12 2021

(3
(3
(3
1l of mux_ 2X1
L lse Aj;
Page 1
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@ MOTOROLA

SN54/74L8151
8-INPUT MULTIPLEXER

The TTL/MSI SME4/T4L5151 is a high speed B-input Degital Multiplexer.

It provides. in one package, the ability to select one bit of data from up to eight
sources. The L5181 can be used as a universal funclion generator to
generate any logic function of four variables. Both assertion and negation
outputs are provided.

» Schatthy Process for High Speed

& Multifumction Capability

» On-Chip Select Logic Decoding

* Fully Buffered Complementary Cutputs

8-INPUT MULTIPLEXER
LW POWER SCHOTTKY

# [nput Clamp Diodes Limit High Speed Termination Effects

J SUFFIX
CERAMIC
CAEE 2009
CONNECTION DHAGRAM DIP (TCR VIEW) " |
Vor by ols o g ko By By Bo
[e] [vs] [+¢] [val [12] [u] [wo] [s]
N SUFFIX
:) PLASTIC
5 CASE 64808
1

la Ig z z E GHD D SUFFIX
'8 S0IC
3 CASE T51B03
ORDERING INFORMATION
SMB4LSXN]  Ceramic
SNT4LSXXMN  Plast
PIN NAMES LOADING (atz ) LSOOI SR
HGH LOAY
Sp-52 Select Inputs DEUL 025 LUL
E Enable [Active LOV) Input DEUL 025UL
lg—I7 Multiplexer Inputs DEUL 02sUL L SYEOL
Z Multipleser O.rtpi.rt{b!lnte b} 0UL | & I,Eﬂ UL
Zz l:::lrr!pla'll;?marg.rhlhluplerﬁ.rmrt 10UL | 525 UL NN eI
R LLLL) -]
MOES Elpliigialylslgh
33 1 TTL Unit Load (UL | = 40 A HEGH! 6 mA LOW 11— 3
o) Tha Qulpad LOW diva lactar @ 2.5 UL e Miltary (54) and § UL Tor Commarcal (T4) n— 5
Temperature Ranges = 53 z #
B 5
Voo =FINIG
GXD = PIN #

FAST AMD LS TTL DATA
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SN54/74LS151

LOGIC DIAGRAM " e R L AR L
W@ o . o 7O 90 10 10 10 10 j0 1O
SO — I
el 1
NN i 1"

¥op = FINIE
G - PIN A
() = PH KUMBERS

FUNCTIONAL DESCRIPTION

The L5151 is a logical implementation of a single pole.
B-position switch with the switch position controlled by the
state of three Select inputs, 5p. 54, 52. Both assertion and
niegation outputs are provided. The Enable input (E) is active
Lo When it is not activated, the negation output is HIGH
and the assertion output is LOW regardiess of all other inputs.
The logic function provided at the outpat is:

olle]

£=E:(lp-8p-51-52+-14-89-5q-8p+12-5p-5q-32
+13-3p-51-32+14- 50 5 -Sz+15-Sp-51-S2+lg- T
-B4-S2+I7-5p-51- 52}

The L5151 provides the ability, in ome package. io select
from eight sources of data or control information. By proper
manipulation of the inputs, the L5151 can provide any logic
funection of four variables and is negation.

TRUTH TAELE
E]S2 51 S0l 1 2 & la s b W]|Z 2
HEX X XX X X X X X X XJH L
LJL L LJL X X X X X X X]JH L
LJL L LJH X X X X X X XJL H
LJL L HJfX L X X X X X XJH L
LJL L HJX H X X X X X XJL H
LJL H LJX X L X X X X XJH L
LJL H LjX X H X X X X X]JL H
LFL H HRX X X L X X X XJH L
LJL H HJX X X H X X X XJL H
EfH: L X X XK. X L X2 X XJH L
LfJH L LJX X X X H X X XJL H
LEH L HX X X X X L X XJH L
LfH L HEX X X X X H X XJL H
LfJH H LjX X X X X X L X{JH L
LJH H LJX X X X X X  H XJL H
LfJH H HEX X X X X X X LJH L
LJH H HJX X X X X X X HJL H

H = H#GH Vollagpes Laws
L= LW Wollags Lavel
X = Don'l Carng

FAST AMD LS TTL DATA
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SN54/74L5151
GUARANTEED OPERATING RANGES
Symbol Parameter Min Typ Max Uit
Voo Supply Violtage 54 45 5.0 iR ')
74 475 5.0 525
Ta Ciparating Amcient Temperature Rangs 54 -55 25 125 '
74 /] 25 7
IoH Output Cument — High 54,74 -4 mé
oL Crutpart Cumernt — Low 54 40 i
74 BED
DC CHARACTERISTIC S OWER OPERATING TEMPERATURE RAMGE {unles:s othervise specified)
Limits
Symbaol Parameter Min Typ Max Unit Test Condifions
Vil Input HIGH Voltage 50 v Elararxaed Ingut HIGH \ioltage for
nputs
54 0.7 Guarantesd Input LYW \bltage for
Wi Input LOWY Waltage - < W AN Inputs
Wik Input Clarmg Dicde Woltage -0Bs | -15 W Voo =MIM, Igp=—18 ma
s 54 25 3.5 W Vi = MIM, lgg = MAX, Vin=ViH
VioH Chetpus HEGH \okage z 57 35 W or Wy per Truth Table
54 T4 025 0.4 W gL =40mA Voo =Voo Mk,
VoL Chtput LCWY Wiotape Vi =ML or Vil
T4 035 05 W lgL =8.0mA per Truth Table
2 = =27
I Inut HIGH Current ol Bl R vl T
0.1 mA | Voo =MA Wiy=T0V
I Input LOWY Current -0.4 mA | Voo =MA Wiy =04V
las Short Cireuit Current (Mate 1) —20 —100 mA | Voo =MAX
o Powier Supply Current 10 mA | Vo =MAX
Mole 1: Mol more than oos outpull showid De shorbed 31 3 e, nor for mose than 1 sscond
AC CHARACTERISTICS (Ta =25°C)
Limits
Symbol Parameater Min Typ | Max | Unit Test Conditions
tPLH Propagation Delay ) 43
PHL Select to Output 7 12 30 o
PLH Propagation Delsy 14 3 i
tPHL Select to Output 7 2 32
tPLH Propagation Delsy s 42
tPHL Enable to Output 2 20 32 s Voo = 5.0V
tFLH Propagation Delay 15 24 Cp=15pF
teHL Enable to Cutput £ 13 30 na
to Propagation Delay 2 32
tBHL Diata to Output 7 18 s L2
tPLH Propagation Delay 13 21
e Diatz o Qutput 12 20 L
AC WAVEFORMS
o A 3w iy Lav 13w
™1~ IPHL o .! WLH I-Ir Ip#L bpy H—I‘—j
Vaut 13V 1.3 vouT Skuv %131-
Figure 1 Figure 2
FAST AMD LS TTL DATA

91



ANTQNIOZ MIX MAPATKOYAAKH2

Case TH1E03 D Suffix

RDIES

15‘“‘ Flam 1 USFRSOHAG BRI TOUARKRERG FEN ANS
L0148 LIEE TR F)
q—@—_ 7 COMFANLUNG DIUENSION MLLMETER
1. DAENEOH A AN E DO KOT RCLUCE NOLD

FENSLE
TUEEY IS DESOLETE. HEW ETAVDARD

P §] o

H_H_ H_H_H_H_H—H mlul[-:mx FROTALEION £ 15 poag

m E £ oiw I:ml-‘l:ll
5 | 2181
iy I E R i e
T c [ A
I T i pRLt]
B === i=i==]=I1 I {f | L-_t 4 : 0
FLARE T %
[J:lrl.—l'-"'l- L. M F ] U:;-l Hi
|;|u25.pu|n|@ 1 EE|ad® : 3:?: i:‘:
Case 643-08 N 5uffix ik
15—“‘ Hasﬁc I" -|1 WIRSNHKG AN TOUFHARKC KRG PR AAS
m Yia U vaRd
| ¥ COMTADLLNG DUESION ND:
[l] l"'l l'“'l I'n'l [n.l I-] '.n-] ﬂ 3 EI;TES‘IJGP:F:JEEE“H OF LEADE W-EW
L] El f 4 IMERSDH B DAES RIET KELUSE MULD
b E FLATH
o J £ FAR31 THALI 37 DRSTLETE NEW STANSARD
BT LR R Wi
F BILLIWETEAE | WCAES |
—C L L1l
1 " — M 1
n 5 a5
IIHI Lf LT s sHs
1 F [ET] B Rk
b L 250
- K sl M ur
J o W
m— Dlrsp E :::
;lnnhmm:ﬁEEETl ﬁ.l::: : —

Case 620409 J Suffixz

18-Fin Ceramic Dual In-Line aTes
I DIMEMSEKI NG AMD 0L PRANTIMG PER AHE

LIERE S

e a 3 DONTAOLLING DMERETN BCH
DIMEMIIDN L TO CERTER GF LEAD WHER
FORMED PARALLEL

i F ey WA T § TR sy wHERE

! 2 THE LEAD ERTENS THE CERRME HODY
1 G004 THRLL OB CHUSTILVTR UEW STRATIAAD
C— j— | — 50
I 1 [ ] WLLIMETEAS | ACHES
=)
t :I_*‘. Pl T ETE N R
g | su| 1w [emcfom
1 [ [E] [T
b i K ¥ $ | nn| tem [ioE o
y B 137 REC TEE AEL
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KE®AAAIO / ENOTHTA 6

2xediaon kal uhotroinon ouvBeTwyv TTUAWY CMOS

AOTIKH £YNAPTHZH F = [(A + B + C) * DI' /{ZYMMNAHPQMA}/
" F=[(AB|C)&DT

KYKAQMATIKO AIATPAMMA
Kuxhopa p Kukiopa n
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STICK DIAGRAM
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AOTIKH £YNAPTHZH F = [(A + B + C) * DI' /{ZYMMNAHPQMAY}/
" F=[(AB|C)&DT
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M Analog simulation of example

200 I
A
|
0.040
200
1960
B
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200
c
00
0.000
200
2000
D
00
200
P 28ps
0 =
0.002
00 05 10 15 20 25 30 35 40 45 Time(ns)
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KE®AAAIO / ENOTHTA 7
MYAH XOR
MINAKAZ AAHOEIAZ - 2 XHMATIKO 2YMBOAO

F=a®b a ‘q‘_ﬂ.—*ﬁ"xh_
0 Q\} \__F

I
I
0 3.

el =N = Ry

— (O]

F=a®b=aeb+aeb

AMNEYOEIAZ YAOINOIHZH XOR MYAHZ

KOZTOZXZ YAOTOIHZHZ 22 TPANZIZTOP
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XOR ME IMYAEZ NAND ,KOZTOZXZ YAOIOIHZHZ 16 TRANZISTOR

J

2 Mos

4 Mos Xor2

4 Mos
D b

2Mos

\

4 Mos

16 Mos devices

Egiowoeic De Morgan x+y=xey , xey=x+y

F=a®b=aqa .I; + ; ° I;S?:aog+gob=aogo;b
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200
: |
a0 0.100 ‘
2.00
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L 0.100
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I
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0.0 (N I
0.000
00 20 40 6.0 8.0 10.0 120 140 16.0 18.0 Time(ns)
-\Voltage vs. time AVnItages and currents {Voltage vs. voltage ,(Frequency vs.time /Eye diagram /'
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YAOINOIHZH XOR ME 12 TRANZISTOR (AQI)

- Pt N
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- =

1 : —3
1 T 1 1
i1 al-— P
N R SN
7 —3 . —1
- e o
et —C 8
XOR
]
L s
A
B /7
XOR 12 Transistors T 7777

Y=a®b=ageb+aebh=>Y=F=ageh+aebh
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PYZIKO ZXEAIO £TO MICROWIND
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YAOINOIHZH XOR ME MYAEXZ METAAOZHZ

Yor2

I

> orlyrlet iy
|

|
\
[~
\

; O

Eav B=0 Tote OUT =A, cav B=1 1616 OUT =A’.
Eav A=1 ka1 B=0 161¢ OUT =A

O@éAoupe va péel To onua A eav B=1 kai va péel 1o onjua A’ edv B=0
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5 lambda

0.175pm
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YAOINOIHZH XOR ME MNMYAEXZ METAAOZHZ
KOXTOZ YAOINOIHZHZ = 6 TPANZIXTOPX

s

YAOINOIHZH XOR ME NMYAEX METAAOZHZ KOZTOZ YAOINOIHZHX = 8 -
10 TPANZIZTOPZ IN'NA KAAYTEPH E=OAO AOT'IKQOY 1 KAI AOTKOY 0
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11.00
|
|

0.0
|

1100

nor |

xor /

0.0

01

" 02

03

0.020

0.980

| :‘12[15
11

04

e, § s
f 0360
1
e " | | 1
[/ \ | E/" 0936
| / { '/
; |
i/ Pl i
y
136ps TBng fJF 21ps
1 1 ™ 1
| | N
| { /|
| | I, E
08 07 08 09 Time(ns)

=l = & sl d

=

“\Voltage vs. time [Voltages and curents /Voliage vs. voltage Frequency vs.ime /Eye diagram |

MYAEZ METAAOZHZ - Pass Transistors

Mia TTUAN peTadoong atroTeAsiTal atmod Eva (euydpl KavaAiou p Kal KavaAiou n
Kal uTTOPEi va atroTeAEoel Evav AoyIKA eAeyxOuevo dIakOTITn. Edw 10 NnMOS

kal To pMOS e€ival TTapdAAnAa.

C ontrol
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1

1_|>,.i_c
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Circuit

Control

Control

Symbaol
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A
L A IN oUT
H H H
IN — OUTL ] _ _
H L L
| L X (don’t Z(high
A care) impedance)
(a) (b)

Mia 1TTUAN petddoong CMOS Asitoupyei €101 woTe Ta oparta el06dou A'(A_L)
N EN_L kar A (A) n EN va Bpiokovral ravra oe avrtiBeta emitreda. OTtav 10
onua A civar oe uynAo (HIGH) kai to onua A_L(A’) va gival xapnAé (LOW)
TOTE UTTAPXEI MIO oUVOEON TTOAU HIKPNG avTioTaong (Yupw oTta 2 — 5 Q) pyetagu
Twv onueiwv IN kar OUT. Edv 10 onua A gival xapnAo (LOW) kal to oApa A L
va gival upnAd (HIGH) 161e Ta onueia IN kai OUT eival atroouvdedepéva. OTav
EYKPIOEI pia TTUAN petddoong n kabuotépnon diaddoong ammod 1o IN oto OUT
gival TTOAU pIkpn.

Na utrevBupriooupe o1 To PMOS Byddel 1oxupoug acooug kai To NMOS
Byddlel 1oxupd INdEVIKA.

Otav Ta NMOS kai Ta PMOS T1paviioTop XpnOIKMOTToIOUVTal EXWPIOTA CAV
Evag ateAng dIOKOTITNG KAMIA pOopa Ta ovouddoupe pass transistor.

g g=0 Input g=1 Output
nMOS 1 S —o%o-d 0—o—o—strong 0
s r—d
g= 1 g =1
S —o—wo—d 1—=—»—degraded 1
g g=0 Input o _ 5 Output
pMOS & S —o—po—d 0——so—degraded 0
s o—d

SV 1 —o—w»o-strong 1
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MYAH METAAOZHZ ZXHMATIKO

Enable
‘%‘ D Datal DataOut
D Dataln DataOut
tgate

tgate
0 1

o 1

transmission gate

SR N
Ei =
|

Leis

AUTA n uAoTroinon xpnoluoTtrolei 2 Ceuyn pmos Kal nmos transistors cav transmission
gates apa 4 tpavlioTopg kal ouvoAo 8 - 10 TpavlioTopg. To KUKAwua auTtd Bonbd oTo va
TTapouue KaBapd Aoyikd 1 kai kabapd Aoyikd 0. H didraén pe ta 6 Ttpaviiotop divel
KUMQTOUOPQEG JE ETTIKIVOUVA ETTITTEDA TAONG KAl yIa TO AoyIKO 0 aAAd kai yia To Aoyiké 1

108



ANTQNIOZ MIX MAPATKOYAAKH2

MYAH METAAOZHX VERILOG CODE

// DSCH 2.7f
// 25/11/2021 9:58:07 mu
// C:\Users\am5\Desktop\$AKEAOL MAGHMATQN T'IA EAMEMA\STORE N GO\Export dsch2\Export dsch2\Tgate.sch

module Tgate( Enable,Dataln,Dataln,Enable,Datalut,Datalut);
input Enable,Dataln,Dataln,Enable;

output DataOut,Datalut;

wire wl3,wl4;

not #(10) inv(wl0,Enable);

nmos #(17) nmos(DataOut,Dataln,Enable); // 1.0u 0.12u
pmos #(17) pmos(DataOut,Dataln,wl0); // 2.0u 0.12u
pmos #(10) pmos(wl8,wlé,wl7): // 2.0u 0.12u

nmos #(10) nmos(wl8, wlé,w22);: // 1.0u 0.12u

not #(10) sub 1(w23,w3);

nmos #(10) sub 2(w4,w2,w3); //

pmos #(10) sub 3(w4,wZ,w23); //

not #(10) sub 4(w24,Enable);

nmos #(17) sub 5(Datalut,Dataln,Enable); //

pmos #(17) sub €(DataOut,Dataln,w24); //

endmodule

// Simulation parameters in Verilog Format
always

$1000 Enable=~Enable;

#2000 DataIn=~Dataln;

#4000 DataIn=~Dataln;

#8000 Enable=~Enable;

// Simulation parameters
// Enable CLK 10 10
// Dataln CLK 20 20
// Dataln CLK 40 40
// Enable CLK 80 80
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XOR VERILOG CODE
XOR AOI' WITH 12 TRANZISTORS

// DSCH 2.7
/1 25/11/2021 9:50:59 mu
// C:\Users\ams\Deskcop\$AKEAOL MAGHMATQN I'IA EAMEMA\STORE N GO\Export dsch2\Export dsch2\XorAoi.sch

imodule XorAoi( B,A, XCR):

input B,A;

output XOR;

not #(17) inv(w2,3);

not #(24) inv(w4,B);

pmos #(31) pmos(XOR,wS,B); // 2.0u 0.12u

pmos #(10) pmos(w5,vdd,w2); // 2.0u 0.12u
pmos #(31) pmos (XOR,w7,wd); // 2.0u 0.12u
pmos #(10) pmos(w7,vdd,A); // 2.0u 0.12u

nmos #(24) nmos(w8,vss,A): // 1.0u 0.12u

nmos #(31) nmos(XOR,w8,w2); // 1.0u 0.12u
nmos #(24) nmos(w8,vss,wd); // 1.0u 0.12u
nmos #(31) nmos(XOR,w8,B); // 1.0u 0.12u

endmodule

// Simulation parameters in Verilog Format
always

$1000 B=~B;

$2000 A=~1;

// Simulation parameters
/[ B CIK 10 10
/1 A CLK 20 20
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VHDL Code for EX-OR Gate

library EEE;
use EEE.std_logic_l164.l;
use [EEE.std_logic_arith.all
use IEEE.std_logic_unsigned.all;
.................................. Emity DN 1) ——
entity xorgate is
Port( A:in std_logic;

B:in std_logic;

Y out std_logic

).

end xorgate;

architecture Behavioral of xorgate is
begin
Ye=AxorB,

G e ———————
v 20 ¢ 400 ¢ 600 ¢ B00 ¢ 000 ¢ 200 4 W00 ¢ 600 ¢ BOO 4 2000 200 B
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XOR 3 Eic6dowv

e ™
)
=" /.

A®B®C = (AB' + A'B)C’ + (AB + A'B’)C
= AB'C’ + A’BC’ + ABC + A'B'C
= 3(1,2,4,7)

B B Bt !
A om0l 1 10 " m 0 1 10
- P = ol 1 | |
B e TN [ [ ()
411 1 | Al 1 |
¢ C
Ddd function F = ASB&S( Even function F = (AR B&CY
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y B —H_~

(a) Jnput odd flunction (b) J-input even function

Logic diagram of odd and even functions
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og simulation of Example.msk
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XOR / XNOR DATA SHEETS

"? Texas
INSTRUMENTS

Data sheet scquirsd from Harris Semiconductor
SCHE0S5E

January 1998 - Revised Seotermber 2003

CD40708B,
CD4077B

CMOS Quad Exclusive-OR
and Exclusive-NMOR Gate

Features

* High-Voltage Types (20 Rating)

* CD40T0B - Guad Exclusive-OR Gate

* CD40TTE - Guad Exclusive-NOR Gate

* Medium Speed Operation
- tPHL. tPLH = 83ns (Typ} at Vpp = 10V, C) = 50pF

= 100% Tested for Quiescent Current at 20W

* Standardized Symmetrical Output Characteristics

= 5V, 10V and 15% Parametric Ratings

* Maximum Input Current of 1pA at 18V Cver Full
Package Temperature Range
- 100nA at 18V and 25°C

* MNoise Margin (Owver Full Package Temperature Range)
- 1V at Vpp = 5§V, 2V at Vg = 10V, 2.5V at Vpp = 15V

* Meets All Requirements of JEDEC Standard No. 13B,
“Standard Specifications for Description of "B Series
CMO5 Devices

Applications

* Logical Comparators
* Adders/Subtractors
* Parity Generators and Checkers

Description

The Hamis CD407T0E contains four independent Exclusive-
OR gates. The Harris CO4077B contzins four independent
Exclusive-MOR gates.

The CD4070E and CD407T7E provide the system designer
with a means for direct implementation of the Exclusiwe-0R
and Exclusiwve-MOR functions, respeciively

Ordering Information

TEMP. RANGE

PART HUMEER (ec) PACHAGE
CD4ITOBE 6610 125 14 Ld PDIF
CO40TOBF3A G610 125 14 Ld CERDIP
CD40TOEM -A610 125 14 Ld 30IC
CD40TOBMT -BEto 125 14 Ld B0IC
CD40TOBMES G610 125 14 Ld BOIC
CO4ITOBNER -B6 1o 125 14 Ld S0P
CO40T0BPW -A5 1o 125 14 Ld TSS0OF
CO40TOBPNR -B510 125 14 Ld TSS0F
CD407TTBE G510 125 14 Ld POIF
CO407TTBF3A -G510 125 14 Ld GERDIP
CO4077TEM -5510 125 14 Ld S0IC
CO4ITTBEMT -B6to 125 14 Ld S0IC
CO407TTEMESD 5510 125 14 Ld SOIC
CO4I7TTBNER -B6 1o 125 14 Ld S0P
CO4I7T7TBPW -55 10 125 14 Ld TSS0F
COHITTBPWR -B51o 125 14 Ld TSS0F
NOTE: Vihen ordering, use the entire pant number. The suffixes B3

and R denate tape and resl The suffc T dencées a small-guantity
reel of 250.
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CD4070B, CD4077B
Pinouts
Ch40mE CO4OTTE
(FDIP, CERDIP, S50IC, S0P T550F) (PP, CERDHP. S04C, S0P, T550F)
TP AEW TOPVIEW
v
a[1] 14] Voo &[] 4] Voo
e [z 2] H e [z Haj v
Jzame 3] BE J=AHE 3] h2] @
k=c®p[4] SLECL:T K=C @0 [4] Mz3EH
c [E] elL=E@F e [g] mjL=e®F
o [g] Bl o [g] F
vaa[7] :|E vas[7] E
Functional Diagrams
Ch4070E CO407TE
L] &=
J=ae B=—
KzC@D o 8 J=A BB et .
M=o @y 0 — iy
R I p] 10 MzGH Eij}_'l_r
Vgg=7 F—EjD_'_" L=EBF F—
Voo = 14 12 12
85— 11 B @
Q] ) O W=l ))
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CD4070B, CD4077B

ol

Vg E' »
Voo B :]
' ﬂ;ép E.,_“ 304,18,11)
AT =
108, 5,13] Uﬁn

;'l'u i :

# INPUT 3 FROTECTED
BY CMCE FROTECTION
METWORKE

VEg

FIGURE 1. SCHEMATIC DIAGRAM FOR CO407T0E

Yoo
s i

gt _—lgi’

2(£,8,12) JE&T" I'IH:" !
Ves
p

H J
34,10,

S - T ai

L Vag

= 1
o,

Vi Voo

f INPUTE PROTECTED
EY CMOE FROTECTION
HETWORK

Vg

FIGURE 2. SCHEMATIC DIAGRAM FOR CD40TTE

{1 OF 4 IDENTICAL GATES) {1 OF 4 IDENTICAL GATES)
CD4070E TRUTH TABLE [1 OF 4 GATES) CD4077B TRUTH TABLE [1 OF 4 GATES)

A B J A B J
1] 0 Li] 0 i
1 0 i i 0 0
] i i ] i 0
1 1 Li] 1 1 1

NOTE: NOTE:

1 = High Level 1 = High Level

0= Low Level 1= Low Level

J=ADB J=AmE
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CD4070B, CD4077B
Absolute Maximum Ratings Thermal Information
OC Supply “Woitage Range (Vopd- ... .. ... .. 0.0 1o 200 Fauka;eﬂaawal!nq:ejarmnm{seeﬂmﬁ
Input Voliage Range, All nputs . ... ... . 0.5 w0 \Vpp 0.5Y E (FOIF) Package .. v SOOI
DG Input CUmBAt - ool i e s Sl e n s F10mds M {S0IC) Package. . . S S R R L
MS(S0P)Packsge ... ..............._......._. TECW
Dppnlfen ol T -
imum Junection Te re ear L
E"‘FE_“'M::EHE&QEHH} 55“C3$12?;CJ Baximum Junction Temperature (Flastic Package) . J150°C
pply Veltape Range (Tygical) . e VTR i Seorape Temperature Range .. B5°C 1o 150°C

CAUTION: Stmsses showe those dsfed Mo Sdbsoiuts Madkoom Rabings” may cacse permanant damage fo = gewice. This lo & sieecs oniy rading ang operadion
of fie device af fese or any ciher cond\fions above Mose movcaked in i operational seciions of dhis sseckTcalion /s nof Impded

HOTE:
1. The package themmal impedancs is calculsted in sccordancs with JESD 51-7.

OC Electrical Specificationz

LIMITS AT INDICATED TEMPERATURES (°C)

CONDHTIONS 2
Vo Vin | Voo
PARAMETER V) V) V) -3 -40 83 123 MIM | TYP | MAX | UNITS
Cwiescent Device Current - 0,5 & D25 0.25 Fiit] 7.5 - 0.01 0.25 LA
Iy W =
- 010 ] 10 05 {1 B 15 15 - oo 1
- 0,15 ] 15 i i 30 30 - 0.0 i LA
- 0,20 20 £ 5 150 15D - p.oz ] L&
Output Loww (Sink) Curment 0.4 0.5 5 054 0. 042 0.36 051 1 mé
Iy Min
- 045 0,10 ] 10 1.8 is 11 0a 1.3 20 mé
15 215 ] 15 432 4 28 24 i4 3.8 mA
Cwtpast High (Source) Current 44 0.8 b 084 | 00t 042 | 038 | 0.3 -1 mé
Iy Min
o 25 0,5 & -2 -1.8 -1.3 -1.18 -18 32 mA
a5 0,10 | 10 -18 -1.5 -1.1 e -3 25 mA
135 | 015 15 43 -4 28 24 =34 A8 mé
Cwtput Woltage: Low Level, - 0,5 & 005 0.05 0,05 005 - ] 0.05 v
Wiy Max
- 010 ] 10 0.0& 0.05 005 0.05 - 0 0.05 ')
- g1 ] 15 L 0.0a 005 0.05 - 0 0.05 W
Dutput Woltage: High Lewel, - 0,5 5 405 445 405 405 405 B W
VEH fin
- 0,10 | 10 pos 8.45 285 045 BEs 10 W
- 0,15 ] 15 1485 | 1485 | 1485 | 1495 | 1445 15 W
Input Lowi Voltags, 05 45 - ] 1.5 15 15 1.5 - - 1.5 v
"I.|r|| Max
1.8 - 10 3 3 3 3 - - 3 vV
15135 - 15 4 1 4 4 - - 4 ')
Input High Wokage, 05 45 - 5 35 35 315 35 35 - W
Wiy Min
1,9 - 10 T 7 F| T T - W
15135 - 15 11 11 11 1 11 - v
Input Current, |y Max - 018 18 H i #.1 #H + - 4108 | 401 R
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CD4070B, CD4077B

AC Electrical Specifications

Ty = 25°C, Input t, = 20ns, G, = 50pF, R = 200k

15

0 T

f 0w

gL, OUTFUT LOW [1INK] CURRENT {maj)

1% s :
| LT
Y
£
L]
o B 0 1

CHARACTERISTIC S

Vg DRAIN TD 30URCE VOLTAGE (V)
-16 -3 -B

Vg DRAIN TD EOURCE VOLTAGE |V}

FIGURE 3. TYPICAL OUTPUT LOWY {SIMK) CURRENT

]

QATE TD 3DURCE VOLTARE {¥ggl = -B¥

-1y

-20

-26

\

AGY ]

=0

CHARACTERISTICS

lgsps OUTPUT HKIH | SOURCE) CURRENT (m#a|

FIGURE 3. TYFICAL OUTPUT HIGH {SOURCE) CURRENT

12.6

TEST CONDITIONS LIMITS OM ALL TYPES
PARAMETER SYMBOL Voo (V) TYP MAX UMITS

Propagation Delay Time b tRrLH 5 140 280 ns
10 i 130 ns
15 50 100 ns
Transition Time fTHL: T 5 100 200 ns
10 50 100 ns
15 40 a0 ns
Input Capacitance Cin Ay Input b 7.5 pF

Typical Performance Curves

Ty =260 Ta=26%
|
30 GATE TO BOURCE VOLTARE [Vggl = 16V —| 18
@ATE TO BOURCE VOLTABE (Vg = 16V

10

TE "’

A

4
.E /:f":

lgL, QUTPUT LOW [$INF] CURRENT {maj

i0 1B

Vipg, DRAIN TO EDURCE VOLTAGE (V)

FIGURE 4. MINIMUM OUTPUT LOW | SINK) CURRENT

CHARACT

ERISTICS

¥Vog. DRAIN TO 3DURCE VOLTAQE (Vi
-8 -10 £

Ta = 2500

BATE TO 30URCE VOLTAGE (Vgg = -6V |

s

-0

/—ﬁ

-16%

I, OUTPUT HIGH |BINK} CURREMT ima]

FIGURE 6. MINIMUM OUTFUT HIGH ( SCURCE] CURRENT
CHARACTERISTICS
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Typical Performance Curves (Continued)

| Ta=26%
=
£
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g
z 200
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=
2 e -
=
2 100 rl?.".‘ el
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E‘ ED E | [
4 | 11
] a0 4 &0 80 f3 440

Cyp, LOAD CAPACITANCE (pF)

FIGURE 7. TYPICAL TRAMSITION TIME AS A FUNCTION OF
LOAD CAPACTTANCE

Ty = 26%C
LOAD CAPACITANGCE Cy = 80pF
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ANTQNIOZ MIX MAPATKOYAAKH2

Texas PACKAGE OPTION ADDENDUM
INSTRUMENTS
o, b cam 152004

PACKAGING INFORMATION

Orderable Device Status "' Packape Package Pins Package EcoPlan'™ Lead/Ball Finish MSL Peak Temp ™
Type  Drawing Gty
CD40708E ACTMVE FOIP H 4 25 Pb-Fres CUMNPDAY N Afor Plg Type
{RoHS)
CD40TIBEE4 ACTMVE FOIP H 14 25 Pb-Fres CUMNPDAY N Afor Plg Type
{RoHS)
CD4GTIBF ACTNE COIP J 14 i TBD A4 NI Afer Plg Type
CO4070BF3A ACTMVE COiP d 14 i TBOD A2 NI Afer Phg Type
CO40T0BF3A52534 OBSOLETE  COIP J 14 TBOD CaTl CalT
CO4070BM ACTVE B0IC 1] 14 50 Green(RoHSE& CUMPDAU Level-1-280C-UNLIN
nd SbBr)
CO40T0BMES ACTMVE B0IC 1] 14 2500 Green (RoHS & CUMPDAU  Lewel-1-280C-UNLIN
no SbBr)
CO4070BMEIES ACTVE B0IC 1] 14 2500 Green (RoHS & CUMPDAU  Lewel-1-260C-UNLIN
no SbBr)
CO4070EMa554 ACTVE B0IC 1] 14 2500 Green (RoHS & CUMPDAU  Lewel-1-260C-UNLIN
no SBr)
CO4070BMES ACTVE B0IC 1] 14 50 Green(RoHSE& CUMPDAU  Lewel-1-280C-UNLIN
no SBr)
CO40TIBMG4 ACTMVE S0IC 1] 14 50 Green(RoHSE& CUMNPDAU  Level-1-200C-UNLIM
na SbiBr)
CO40TEMT ACTMVE S0IC 1] 14 250 Green(RoHS & CUMNPDAU  Level-1-200C-UNLIN
nae SbiBr)
CO4070EMTES ACTMVE S0IC 1] 14 250 Green(RoHS & CUMNPDAU  Level-1-200C-UNLIM
no Shi)
CO40708MT G4 ACTME S0IC 1] 14 250 Green(RoHS & CUMNPDAU  Level-1-200C-UNLIM
ne SbdBr)
CO407IEMSR ACTMVE 50 M5 14 2000 Green(RoHS & CUMPDAU  Level-1-280C-UNLIN
no ShiBr)
CD407T0ENSRE4 ACTMVE 50 M5 14 2000 Green(ReHS & CUMPDAU  Level-1-280C-UNLIN
no ShiBr)
CD4070BNSRGH ACTMVE 50 M5 14 2000 Green(RoHS & CUMPDAU  Level-1-280C-UNLIN
no ShiBr)
Co40708PW ACTME  TESOP P 14 90 Green(ReHS & CUMPDAU  Level-1-280C-UNLIN
na So'Er)
CO40TI8FVES ACTME  TESOP P 14 90 Green(ReHS & CUMNPDAU  Level-1-280C-UNLIN
na So'Er)
CO40TOBANGS ACTME  TBSOP P 14 890 (Green(ReHSE& CUMPDAU  Levsl-1-280C-UNLIN
o ShvBr)
CC40708PWR ACTME  TBSOP P 14 2000 Green(ReHS & CUMPDAU  Level-1-280C-UNLIN
o SivBr)
CO40TIBFWRES ACTME  TBSOP P 14 2000 Green (ReHS & CUMPDAU  Level-1-280C-UNLIN
nd SiVBr)
CO4070BPNRGE ACTME  TBSOP P 14 2000 Green (ReHS & CUMNPDAU  Level-1-280C-UNLIN
no S'Br)
CO407TEE ACTVE POIP M 4 25 Ph-Fres CUMNPDAY N/ Afor Pkg Type
{RoHS)
CO40TTBEES ACTMVE FOIP M 4 25 Pb-Free CUNPDAU N/ Afor Plg Type
{ReHzZ)
CD40TTEF ACTVE CDEP J 14 i TBD A2 N Afor Phg Type
CD407TTEFIA ACTVE COaP d 14 i TBOD A4 M Afar Plg Type
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ANTQNIOZ MIX MAPATKOYAAKH2

Texas PACKAGE OPTION ADDENDUM
INSTRUMENTS
wwe, I Gam 15-0e-2009

Orderable Device Status ' Package Package Fins Package EcoFlan® LeadBall Finish MSL Peak Temp
Type  Drawing Gty
CD4077EM ACTVE  SOIC i) 14 50 Green|RoHS& CUMFDAU Lewel1-260C-UNLIM
no SivBr)
CD40TTEMES ACTVE  SOIC D 14 2500 &ﬁ%ﬂ& CUNFDAU  Level-1-260C-UNLIM
CO4077EMEEES ACTME  SOIC D 14 2500 Green(RoHS& CUMFDAU Level1-260C-UNLIM |
CD4077EMOBGS ACTVE  SOIC D 14 2500 G;ZI%JEEE CUMNFDAU  Level-1-260C-UNLIM
;%]
CD0TTENES ACTVE  S0IC D 4 50 Greensljﬂluzﬂ& CUMNFDAU  Level-1-260C-UNLIM
[+
CD407TBMGS ACTVE  S0IC ) @ Geen[SE CUNFDAU Leve-230CUALM
;%]
CO40TTENT ACTVE  SOIC D 4 250 GraenE(EIuBIIIjSE CUMNFDAU  Level-1-260C-UNLIM
;%]
CD4077BMTE4 ACTVE  S0IC D 14 250 GreéﬁE(EIuBIIIjSE CUMFDAU  Level-1-260C-UNLIM |
CO407TBMTGA ACTME  SOIC ) 14 250 Grer:négnzsa CUMIFDAU  Level-1-260C-UNLIM
;%]
CD40TTENSR ACTNE S0 NS 14 2000 GreenEfEIn;I;ISE CUNIFDAU  Level-1-260C-UNLIN
;%]
CD40TTENSRES ACTVE S0 NS 14 2000 GreenEle::S;I;IS& CUMFDAU  Level-1-260C-UNLIN
;¢
CD40TTENERGA ACTVME SO NS 14 2000 GreenEfEIné;I:IS& CUMIFDAU  Level-1-260C-UNLIM
;%]
CO40TTEPW ACTWE TSEOP  PW 14 00 GreenEll'Elul-ISE CUMIFDAU  Level-1-280C-UNLIM |
CO40TTEPWES ACTVE  TSSOP  PW 14 00 G;ﬁﬂﬁ CUMFDAU  Level-1-260C-UNLIM
o
CD40TTEPWGH ACTVE  TESOF BN W &0 Gen(FoiSE CUNFDAU Lew260CUNIN
it
CD40TTEPWR ACTVE  TSSOP  PW 14 2000 Greengﬂss CUNIFDAU  Level-1-260C-UNLIM
o
CD40TTBPWRES ACTME TSSOP  PW 14 2000 Gr&nﬁﬂ& CUMFDAU  Leve-1-260C-UNLIM |
COY07TEFWRGH ACTVE  TSSOF  PW 14 2000 Gr;;iF!;fljﬂ& CUMFDAU  Level-1-260C-UNLIM
MISSINIT203ECA | ACTVE | COW 1 1 mTE;:m A2 NIAforPig Type

™M The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device wil be discontinued, and a lifetime-buy period is in effect

HID:dMJt recommended for new designs. Devece is in production to support existing customers, but Tl does not recommend wsing this part in
a newr design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be auailable.

OBS0LETE: Tl has discontnued the production of the device.

2 Eco Flan - The planned sco-fiendly classification: Fo-Fres (RoHS), PbFree (RoHS Exemgt), or Green (RoHS & no SW/Br) - please check
hittpfeneve.i.comiproductcontent for the |atest availability information and additional product content details.

TED: The Pb-FreaiGresn conversion plan has not been defined.

Pb-Free (RoHS5): TI's terms Lead—Free or "Pb-Free” mean semiconductor products that are compatible with the cument RoHS requirements
fior 2l & substances, incudin irement that lead not exceed 0.1% by weight in homopgeneous matenials. Vhere designed to be soldered
at high termperstures, TI P ree are suitable for use in specified lead-iree processes.

Pb-Free (RoHS Exempt): This cormponent has a ReHS exemption for either 1) lead-based flip-chip sclder bumgs used between the die and
packape, or 2) lead-based die adhesive used betwsen the die and leadframe. The component is otherwise considersd Pb-Fres [RoHE
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ANTQNIOZ MIX MAPATKOYAAKH2

{;m PACKAGE OPTION ADDENDUM
INSTRUMENTS

wowran, i GOm 15-061-2008
compatible} as defined above.

Green (RoHS & no SBBr): T1 defines "Green™ 1o mean Pb-Fres (RoHS compatiole), and free of Bromine (Br) and Antimony {5b) based flame
retardants (Br or Sb do not excesd 0.1% by weight in hormogeneous material)

1 MSL, Peak Temp. — The Moisture Sensitawity Level rating according to the JEDEC industry standand classifications, and pesk solder
temperaiure.

Important Information and Disclaimer:The infoemation provided on this page represents TI's knowdedpe and belief as of the date that i is
prowided. Tl bases iz k and belief on information provided by third parties, and makss no representation or wamanty as to the
accuracy of such information. Efforts are undenway to bebier integrate information from third parties. Tl has taken and continues to take
rezsonable steps to provide representstive and accurate information but may not have conducted destructive testing or chemical analysis on
incoming raterials and chemicals. T and T suppliers consider certsin information to be propretary, and thus CAS numbers and cther limiied
infarmation may not be available for release.

In no event shall TI's Eabikty arising out of swch information excesd the total purchase price of the T1 part{s) at izsue in this document sold by T
te Customer on an annual basis.
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ANTQNIOZ MIX MAPATKOYAAKH2

J (R—GDIP—Txx) CERAMIC DUAL IN—LINE PACKAGE
14 LEADS SHOWN
o idhed IEP 16 18 20
* 8 "‘ B | om |02 | o | o
Y B Bi B BN
AN 0nnn B oMAX Oms | B | Deto | 1060

(19,94} | (21.34) | (24.38) | (26,92)

)

0500 | 0300 | 030

U U cwx | G5 | Gd | Gan | (e

1 7
0245 | 0245 | 0230 | M5
"II"E_E—% i CMN 62 | (522) | (559) | (6.22)

— o —»

0060 1..5?.

—-I r—ams (0,13} MIN ﬂ.ﬂ15 I-—E] —-‘
i 0.200 {5.4:&} WA
Seating Plone
0.130 {: 30) M

L Y

0.008 (020

4040083/F 03/03

Al linsgr dimensions ore in inches [milimeters).

This drawing is subject to change withoul natice.

This packoge is hermeticolly seoled with o ceramic lid wsing gless fit.

Indey peint is provided on cop for lerming identificolion only on press ceramic gless Iril seal only
Fallz within MIL STD 1835 GDIP1=T14, GOWPY=TiG, GOIF1=TI8 and GDIF1=TX.

Mmoo m e
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ANTQNIOZ MIX MAPATKOYAAKHZ

MECHANICAL DATA

NS (R-PDSO-G*)
14-PINS SHOWN

PLASTIC SMALL-OUTLINE PACKAGE

0,51

S0

[EH.z58

HHHHAHAAH |

Ll

560 &,
300 7

|

ElS

O
REELEE:

g A ¥

I 1

200 MAX

PG #e
oM 14 16 20 24
A MAX 1050 | 1050 | 1290 [ 1530
A MIN 9,50 9,90 12,30 1,70

4040062 /C 03,/03

MOTES: A Al lineor dimensions ore in milimeters.

B This drowing is subject lo chonge without notice.
C. Body dimensions do not include mold flosh or protrusion, not fo exceed 0035

whwn. fiLoom
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ANTQNIOZ MIX MAPATKOYAAKH2

PW (R-PDS0-G*)
14 PINS SHOWHN

MECHANICAL DATA

WMTSS0010 - JANUARY 1885 - REVISED FEBRUARY 1068

PLASTIC SMALL-OUTLINE PACKAGE

| | |” ||| Seating Plans |
013
1.2 MAX AL
E : Mj E N
PINS =
DI 3 14 16 20 H 28
A MAX 310 510 510 | 650 7,80 9,80
A MIN 240 4080 480 8.40 7,70 3,80

40064 97

MNOTES: A Al inesr dimensions ars in millimeters.

B. This drawing is subject to change without notice.

. Body dimensions do not inchide mald flash or protrusion not to excesd 0,15,

Ou Falls within JEDEC MO-153

% Tryas
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ANTQNIOZ MIX MAPATKOYAAKH2

MECHANICAL DATA

D (R-PDS0O-G14) PLASTIC SMALL-QUTLINE PACKAGE

0.344 (8,75)
0.337 (8.55)

ﬁHHmHHﬁ

HIIIHHH ,

i“ﬁ-—g

0.020 (0,51
"I I‘_u,m;r éﬂmi

| & —
[ o —

o T

e

[&[5010 (.25 @)

—TT T
I
I
I
I
I
I

x T - - - —

I 0.oM0 (0,25
— 0.069 (1,75) Max 0.0+ In.mI

0.0i0 (0,25 ;/
0.005 n.u'l ;

D/

|
=
i [_u:u 0,10
Gm.ll;\! H:IIE_L SO AN T
-I_IzIt i
0.010 -8 .
(0070 {025 sl ¥
0.050 (1.27)
QG {0,40)

ADAD4T-4/) 09,09

NOTES: A Al lineor dimensions are in nehes (millineters).
B. This drawing & subject to chonge wilhoul notice.
& Body length does not inchude mobd flash, protrusions, or gote burrs. Mold flosh, profresions, or gate buere shall

not exceed 006 (0,15) per end.
Ab, Body width coes not include inteead flosh. Intertead Nosh sholl not exceed 017 (0.43) per side.

E. Reference JEDEC WS-D12 voriation AB.

J? TEXAS

INSTRUMENTS
Wi L coam
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ANTQNIOZ MIX MAPATKOYAAKH2

MECHANICAL DATA

N (R—PDIP—T#**) PLASTIC DUAL—IN—-LINE PACKAGE
16 FIHS SHOE
" A ’ o g o I i w | m
: ! a7rs | o7 | oz | 1060
e e f A WA oee) | (19,69) | (2337) | (26.92)
a74s | o74s | osso | og40
D —szﬁ;g = AMN | g og) | (18.92) | (2159) | (23.88)
= B e g e § g e e oy : vﬁ{'ﬂ, | @ | ac | a0

o e

0,020 (0,51) MIN

0045 (1,14
- rum {D.?sjfﬂ

T
l 0,200 (5,08) MAX
l Sealing Flane

Q.03 10,53
0.045 10,38

$o00 BT [

f 0.125 (3.18) MIN

0.325 (8,26
0,300 {152} [
{—"‘ 0.005 (0,38
H | i T Gouge Plone
0.010 (0,25) NOM
J 0,430 (10.92) MAX L—
L}
1418 Pin Only
20 Pin vendor option /O
A040049,E 1270002

NOTES: A Al lineor dimensions are in inches (millimetars),

B. This draming is subject fo chemge without natice.

AN Fals within JEDEC MS-001, except 18 ond 20 pin minimum body length (Dim A),
A\ The 20 pin end leod shouider width is o vendor option, elther holf or ful width.

EXAS
INSTRUMENTS
wnhw L oo
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ANTQNIOZ MIX MAPATKOYAAKHZ

MECHANICAL DATA

NS (R-PDSO-G™) PLASTIC SMALL-QOUTLINE PACKAGE
14-PING SHOWN

0,51

30
RAHAHAAN

3l

|

O
EEREE

H A ¥
015
J' L
| | | | | | | | l Seoting Plane $ |
2,00 MAY 1
i e w | s | w | w

A MAY 050 | 1050 | 1230 | 1530

A MIN 9.90 9490 | 1230 | 1470

4040062/C 03,/03

WOTES: A All lineor dimensions ore in milimeters.
B. This drowing iz subject to change withoul nofice
C. Body dimensions do not include meld flosh or profrusion, net to soceed 013

W Teons



ANTQNIOZ MIX MAPATKOYAAKHZ

GENERIC PACKAGE VIEW
J 14 CDIP - 5.08 mm max height

CERSMIC DUAL IN LINE FACKAGE

Images above are just a representation of the package family, actual package may vary.
Refer to the product dala sheel for package details.

404008355

3 Texas
INSTRUMENTS
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ANTQNIOZ MIX MAPATKOYAAKH2

JOO14A

PACKAGE OUTLINE
CDIP - 5.08 mm max height

CERAMIC DUAL IM LINE PACKAGE

j_ 1
ks
e 1 ] 14
12%1.100 a I
1 o
g B
._ _Il
4 ¥
B ML
G| .
I i
5 |/
7r | Bt
- Ly

E 4% 005 MM 015-080 TYP
[ma]le =5 T'[a_sua-ﬁ.ﬁz]
|.| Ly
14X _045- 085 2 - L " pasos
[1.15-1.65] Iljl_):l [# [.o100.25][c]AlE]
[
754785 L
[10.15-12.84 | —
|
i
Y (R—— 1IMINTYP
[5.08] [2.3]
LTING PLANE
075 | GAGE FLANE
[0.38]
00B-014
[0.2:0.

421477108 DREOTTF

MOTES:
1. Al eantrol

reference onby. Dimensioning and tolerancing per ASME Y1450,

2 This drawing is subgect to change without nobice.

2. This package = hemmitically s=aled with 3 ceramic
4. Index point is prowided on cap
5. Falls within MIL-3TD-1835 and GOIF1-T14.

lid using glass fnt.

linear dimensions are in inches. Dimensions in brackets are in milimeters. Any dimension in brackets or parenthesis are for

fior terminal identification only and on press ceramic glass frit seal only.

W Texas

waw ti.com
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ANTQNIOZ MIX MAPATKOYAAKH2

EXAMPLE BOARD LAYOUT
JOO14A CDIP - 5.08 mm max height
CERAMIC DUAL IN LINE PACKAGE
()T
SEEDETAL A— |~ 8 ./ SEEDETAL B
1l fa:-‘_:—l.l! | 1|-14
L | O
LS | O
&
H——e-
“" o
O |
- ©
© |
|
|
T | 2
Sy
LAND PATTERN EXAMPLE
MON-SOLDER MASK DEFINED)
SCALE: 5%
D2 MAX —-II-— 083) —e
ALFEE.I&E[&(LU'I\B Lﬂ'ﬂl METAL — @_M?
P g . ommine / fﬁﬁ\/‘ i
' I: | I |
l\_-/ \\—NETAL Q\_»’:/
e Wl 002 MAX
R TR o
= LA, DETAIL B S
i 13X, SCALE: 15X
421477108 DR2097
WP Texas
INSTRIIMENTS

wasaer Horren
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ANTQNIOZ MIX MAPATKOYAAKH2

MECHANICAL DATA
D (R-PDSO-G14) PLASTIC SMALL OQUTLINE
5 0,344 (8,75) 3
0.337 (8,53)
14 m g
| ‘ 0244 (6,20)
0228 (5,80)
W\ ] wemae
TR T Y l

Ht,rJtﬂIﬂHHH |
—

Inmimimiie HJW i 0
_[n:u:uu (0.25) P ”/

— 0,069 (1,75) Max 0.0 (0,10}

0.010 (0,25 i 3
f.005 (013 1 ¢ i

E;.F

[& o0 (0.25) 6]

.—-—"l’"-—.
L 41 1.

—f—
153 [ e )
Gauge Me—*— e ’
ﬁ 7 T
m@] ﬂ-'—-ﬂ-' bl _‘“Hh_ . r'_'_._,..-l' -~
0,050 1,17
0016 (0,40

ADAD04T-5M 06/

HOTES: A All lineer dimensions are in inches (millimeters).
B This drawing s subjecl to chonge withoul natice.
Body length does nof include mobd flash, protrusions, or gate burrs. Mold fosh, profresions, or gate bume shall
not exceed (U006 (0,15) sach side
A Body width does not include interlead flosh. Intedend flesh sholl not excesd 0.017 (0,43) eoch side.
E. Rederence JEDEC WS-0NZ varioticn AB.

*i3 Texas

INSTRUMENTS
Wt com
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ANTQNIOZ MIX MAPATKOYAAKH2

LAND PATTERN DATA
D (R-PDSO-G14) PLASTIC SMALL OUTLINE
ot oy
~—12%1,27 = = 140,55 24197
— xl,
a0t B0y DO b9 6
5, D 540

@-5;%5%1 %—H-H{IH-HH—J

I
I
I
I
J e—— Pad Geometry

Exom
Hon Soldermosk Dedined Pad Example
[See Note l:}

I
! Exernple
I[ Solder hosk q
i [See Mate E)
[}

411283-3/6 0812

NOTES: A Al lineor dimensions are in millimeters.

This drawing &= subject fo chonge withowt notice.

Publicolion [PC-7351 is recommended for ollernale designs.

Laser culling aperiures with bropezoidol wals and also rounding comers will offer better paste release  Customers should
contoct their boord ossembly site for stencll desion recommendotions. Refer to IPC=7525 for other stencll recommendations.
E. (Customers sheuld conact thew boord fabricolion aite for solder mesk foleronces beiween and oround signal pads.

P fm

* Texas

INSTRUMENTS

warw Ai.oom
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ANTQNIOZ MIX MAPATKOYAAKH2

MECHANICAL DATA

PW (R—PDS0-G14) PLASTIC SMALL OUTLINE

= ot =

HARAAAA I

-
&éﬁ E%ﬂ ﬂ.:-nuu;; ./4\1
o | | Py
LEELL ] T— || To”
% -8 J —%
A !

ghnﬂmzuuﬂ sog s 3 (T

015 Eme
120 WA o Gpo-

AD400E4-3/5 021

NOTES: A Al lineor dimensions are in millimelers.  Dimensioning and loleroncing per ASME Y14.5M-1384,
. This drawing & subject lo chonge without nolice,

Body length does mod include mobd flash, protrusions, or gote burrs. Mold flash, prodnesens, or gate burrs sholl
nod exceed 0,15 each side.

& Body widlh does nob include interlead flosh.  Intedsad flosh sholl ot excesd 0,25 sach side.
E Fals within JEDEC WMO-133

3 Texas
INSTRUMENTS

wiweed liocoem

135



ANTQNIOZ MIX MAPATKOYAAKH2

LAND PATTERN DATA
PW (R-PDS0O-G14) PLASTIC SMALL OUTLINE
amm{mam}umi Sfﬂ{t;]mfmhw
085 14x0,30
= s 124065
ﬁﬁﬂﬁﬂu& wss SRR
5,60
/ 1
ﬂﬂﬁﬁﬂlﬂﬂ At
!
I Excple
| Nom Saldermosk Defined Pad Example
| e Pad Gecrmetry
. . (See Note E}
Exornple
Sclder Maosk q
(See Mote E)
£211284-2/6  0BN1S

WOTES: A Al linear dimengione are in milimelers
B Thig drowing is subject to chonge without notice.
. Publicofion IPC-7351 is recommanded for oltemate designs,
0. Loser cubbing opertures with iropezoidal walls and olso rounding comers will offer beller pasle releass. Cuslomers should
confoct their boord ossembly gite for slenci desigh recommendalions Reder Lo BC-T525 lor olher stenci recommendalions.
E Customers should contect their boord fobrication sife for sclder mask tolerances betwesn ond around signal pads.

i Texas

INSTRUMENTS

wiswLli.com



ANTQNIOZ MIX MAPATKOYAAKHZ

MECHANICAL DATA
N (R=PDIP=T**) PLASTIC DUAL=IN=LINE PACKAGE
16 FINS SHIEN
i A ’ i M u 16 :s n
. ; 0775 | 077s | oszo | 1060
oo o e d A WA ) g ga) | (19,69) | (23.37) | (28.92)
ores | o7es | osso | o
= E—}Hfig - A MN | nga) | (18.92) | (2159) | (23:88)
B e o oo g s e i ey £ vﬁ;mﬁ M| e | ac | m

]

1l smma
il F%&—’:’;}j A 0,020 tltll.ﬁl:l MIN %}% =
=3 i ; {_‘l l-m

i

0.200 (5.08) WA ? Gouge PI
.l. Seating Plane l_J T T

0.010 (0,25) NOW

1

0.125 (318) MIN

—-I 0.430 (10,92) MAX L—

3100 (2,54

0.021 (0,53
=G (0.3 {’

[]0.010 (0,25) 0]

[
L] £
14,18 Pin Only
Sl a0 P vendor sption B

A040049,E  12/2002

WOTES: A All lineor dimenslons are in inches (millimeters).
B. Thiz drawing is subject to chonge without notice.

A Fals within JEDEC MS-001, except 18 ond 20 pin minimum body length (Dim &)
AN\ The 20 pin end lead shoulder width is a vendor cption, either half or full width.

TExAs
INSTRUMENTS
woahwe L Goan
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ANTQNIOZ MIX MAPATKOYAAKH2

KE®AAAIO / ENOTHTA 8

2 xediaon Kal UAOTTOINON TOU NUI-aBPOoIoTH Kal TOU TTARPOUC aBpoIoTH.

VERILOG

/] DSCH 2.7f
[/ 25/11/2021 9:15:23 m
[/ C:\Users\am5\Desktop\$AKEAQL MAGHMATQN IIA EAMEMA\STORE N GO\Export dsch\Export dschl\halfAdder.sch

module halfAdder( B,A,Carry,Sum);
input B,A;

output Carry, Sum;

and #(16) and(Carry,B,A);

xor #(16) xor(Sum,A,B);
endmodule

// Simulation parameters in Verilog Format
always

$1000 B=-B;
$2000 A=-1;

// Simulation parameters
// B CIX 10 10
// A CIK 20 20

138



ANTQNIOZ MIX MAPATKOYAAKHZ

VHDL CODE

entity half adder is
port ( a,b : in  std
sum,carry : out st3
end half adder ;

architecture structure of half adder is

-- Componenc declaration
component xor?2
port(a,b:in std logic; c:out std logic) ;
end component; B
component and?2
Port(a,b:in std_logic; c:out std logic);
end component: B

-- Component specification
for EX1:xor2 use entity work.xor2(rtl)
for OR1:and2 use entity work.and2(rtl);

begin

-- Component instantiation
EX1l: xor2 port map (a,b, sum):;
ORl: and2 port map (a;b,carry];

end structure;
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2XHMATIKO AIATPAMMA HMIAGPOIZTH

Carry

\/

Carry
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2YMBOAO |[MINAKAX AAHOEIAX KAl AlNEYOEIAZ YAOIOIHZH

HMIAGPOIZTH
A B R
Half Adder I' |
1 6 4+
A B |CARRY SUM —
<A ) 0] 0 0
CARRY 0 10 0 1
R
UM | 1] 1

2YNAPTHZH KYKAQMATOX HMIAGPOIZTH

ST/ALf — 4o B4+ 4o B— 40P B
CARRY — 4e B

KOXTOZ YAOTOIHZHZ 22 TPANZIZTOP + 6 TPANZIZTOP (CARRY)
ME NAND MNMYAEZ EXOYME 16 TPANZIZTOP + 6 TPANZIXTOP = 22
ME ZYNOETH NMYAH THZ MOP®HZ (XNOR):

SUM=AeB+ e B

EXOYME 12 TPANZIZTOP + 6 TPANZIZTOP = 18 TPANZI>XTOP

CARRY = AeB=A+B

OMNOTE EXOYME TEAIKATIA TO KPATOYMENO 4 TPANZIXTOP
APA EXOYME12 TPANZIZTOP + 4 TPANZIZTOP = 16 TPANZIXTOP

RN

| GARRY

= 28
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NMAHPHZ AGPOIZTHZ
VERILOG

/1 DSCH 2.7f
// 25/11/2021 9:21:59 mp

imodule fadd( C,B,A,Carry,Sum);
input C,B,A;

output Carry, Sum;

xor #(16) xor(wd,A,B);

nand #(16€) and(ws,A,C);

nand §(16) and(w7,8,R);

xor #(1€) xor(Sum,wd4,C);

nand #(16) and(Carry,w7,wd,ws);
nand #(16) and(w9,B,C);
endmodule

// Simulation parameters in Verilog Format
always

$1000 C=-C;

$2000 B=~B;

#4000 A=~A;

// Simulation parameters
// C CLK 10 10
// B CLK 20 20
// A CLK 40 40

/] C:\Users\amS\Desktop\$AKEAQL MAGHMATOQN I'IA EAMEMA\STORE N GO\Export dsch2\Export dsch2\fadd.sch
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VHDL CODE

entity full adder is
port (Ihl,in2,c_in : in  std logic ;
sum,c_out : out std logic ) ;
end full adder ;

architecture structure of full adder is
-- Component declaration
component half adder
port(a,b:in std _logic; sum,carry:out std _logic);
end component;
component or 7
port(a,b:in std _logici ciout std logic);
end component;
-- Internal signal declaration
signal s1,s2,s3:std logic;
-- Component specification
for H1,H2:half _adder use entlty work.half adder (structure);
for 01: or 2 use entity work.or  2irEl);
begin -
-- Component instantiation
H1: half-adder port map (inl, in2,sl,s3) :
He: half adder port map (sl,c_in,sum,s2);
0l: or 2 port map (s2,s3,c out);
end structure;
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NAHPHZ AGPOIZTHZ

A B Full Adder A B
A B C|CARRY SUM
,i 0 0 0] 0 0 1
0 0 1| 0 1 =
CFAE 0 o] 0 (T HA
CARRY 1 C g ] 1 « (=] |-
4 1 0 0] o0 | | CARRY * j ) C
SUM 1 0 1 l 0 [u
L1 0| 10
L1 1] 1 1 '

SUM

EKOPAZH TIA TO NAHPEZ AOPOIZMA KAl TO KPATOYMENO
ANTIZTOIXA

SUM=4-B-C+4:B-C+4:B-C44:5.C=UB+4B,0+{-B+4B.C

—n\ —\—

(3+48,0+{-B+4.8,0=50M=40BOC
CARRY = 4-B+B-C+4.C

KOXTOZ YAOIIOIHZHZ 44 TPANZIZTOP + 26 TPANZIXTOP = 70
TPANZIXTOP

Mo avaAuTIKA €XOULE:

[Na To Sum Kkai yia 10 Carry BAETTOUPE TTWG BYAiVOUVE Ol OXECEIG TTAPAKATW
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+x'}rl£+x+|’r.-.£=
cZ)+(xy rz4xy-2) =
F{x Yy +x-y) -2

(x®Py) -z + (xBy) -z

(xDy)D2z
Cayatney zhey LAy =y 2 Yty T 41y

;{i'}'ﬂﬂ'”“*}”[g+Z):(!H-}y]-z+x'y-1 2
=(@y)2txy

SR
g T

NAHPHZ AGPOIXTHZ ME 2 HMIAGPOIZTEX AINEYOEIAYX YAOINOIHZH
KAI NAND MYAEZ KAl EXOYME T'lIA TO SUM = 32 TPANZIZTOP KAI 1A
TO CARRY = 18 TPANZIZTOP. APA KOXZTOZ YAOIOIHZHX
TPANZIZTOP + 18 TPANZIZTOP A TO CARRY = 50 TPANZIZTOP.

= 32

CARRY =4 B+B5.C+4-C=A-B+B.C+4.C=4.8.8.C- 4.C
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TOPA ME ZYNOETEZ MNMYAEXZ EXOYME , TA TO KPATOYMENO (CARRY)
EXOYME

CARRY =A-B+B-C+A-C=¥+C B+ A4-C

TO SUM EINAI 24 TPANZIZTOP KAI TO CARRY EINAI 12 TPANZIZTOP

KOZTOXZ YAOIOIHZHX = 24 TPANZIZTOP (SUM) + 12 TPANZIZTOP
(CARRY) = 36 TPANZIZTOP.

AAAH YAOTMOIHZH ME XPHZH HMIAGPOIZTQN TOY BAZIZETAI ZTHN
NMPOBAEWH KPATOYMENQN (CARRY LOOK AHEAD ADDER)

A B A B

ik e

&t PJJ__ [ . \\,]

ksl s ,hj G |P
CARRY A « |
T CARRY —\_| F

SUM \j

i

SUM

ME TIZ AKOAOYOEZX 2XEZEIZ

P=A®B G=AeB SUM=POC CARRY =G+Pe(C

EAQ TO KOZTOZ BI'AINEI £TA 42 TPANZIZTOP

MIMOPOYME NA TIAME 2zE AKOMA T1IO OIKONOMIKH AY2H ME
KATAAAHAO XEIPIZMO TON 2YNAPTHZEQN SUM KAI CARRY ,[NETAI
ME ZYNOETEZ MNYAEZ. EXOYME
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SUM = A-B-C+ €4+ B+C’:CARRY

CARRY = A-B+B-C+A4-C= (4+B:C+A-B
CARRY=G+P*C

C
—‘4 AL

Carry_ComplexGate
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C4=G3|(P38G2|(P2&(G1|(P1&G0))))

C3=G2|(P2&(G1(P1&G0))) T
A € JL
C2=G1|(P1&G0) _L’([
A 4
G0
el I i
o — _OE

LAYOUT OF THE COMPLEX GATE C3, 12 TRANSISTORS
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Carry Look Ahead Adder
o3 aBi] b ] o] Al O] afl]
Half Half Half Half
adder adder adder adder
4 p3 2 pl gl pl &0 pl
Carry look ahead logie
4] 3] (] 1] (0]

g0 =af0] &£bf0]
gi=all] &£b[1]
g2=af2] &£bf2]
g3=af3] &£bf3]

PO = al 0] b[0]
pl=al1]"b[1]
p2=al2]"bf2]
p3=al3]"bf3]

sfof = po

cl = g0

sfi] =ciI® pl

c2=gl|(pl& gl

5f2] =c2™ p2

c3=g2|(p2 &(egl|(pl&gi)))

s3] =c3™ p3

c4=g3|(p3&(g2| p2 &(gl|(plLk gd))))
sf4] = c4

152



ANTQNIOZ MIX MAPATKOYAAKHZ

A ; P
: '
B, S
:‘-':"! f Gi
il l N PGt G
il '
G
Full adder with P and G shown
P;= A8 8,
G = AB;
the output sum and carry can respectively be expressed as
5" = P,BC;
G =G+ PC

G, is called a carrv generate, and 1t produces a carry of | when both A, and B; are 1, regard-
less of the input carry C,. P, 1s called a carry propagate, because it determines whether a carry
into stage i will propagate into stage i + | (i.e., whether an assertion of C; will propagate to
an assertion of €, ),

We now write the Boolean functions for the carry outputs of each stage and substitute the
value of each C; from the previous equations:

Cy = input carry
Cy =Gy + PGy
Cy =Gy + P\Cy = Gy + Py(Gy + PyCoy) = Gy + PiGp + P\ PyCy
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Logic diagram of carry lookahead generator
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B, *

A

P

Four-bit adder with carry lookahead

Cy

an

155



ANTQNIOZ MIX MAPATKOYAAKHZ

4 bit Adder with carry Look Ahead

)

assign s

=2|(bA(cld&(el(fa))):

b
g3
al
b1 %
= 0
al
b0 e 2 assign s=a|(b&(c|(d&e]));
al
LIDIELF
1[3[A[B I = %
{17001 . 2
I 1] PD ,
B b
- gl L assign s=al(bdc);
bj ) ; %
CIDIENF R
111/A|B ®
19101 - %
I )3 7 2 .
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4 bit Adder with carry Look Ahead

ANTQNIOZ MIX MAPATKOYAAKHZ
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Circuit diagram of the CMOS one-bit full adder.
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: Mask layout of the CMOS full adder circut..
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NAHPHZ AGPOIZTHZ OAOKAHPQMENO KYKAQMA

RA3 16184 RAD

T
RA4 Clkin MainClock—

~Reset ~MCLR | Ckout 4%
! VSS VDD

RBO RB7
RB1 | RB6
RB2 | RB5
RB3 | RB4
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NAHPHZ AGPOIZTHZ 3 EIZOAQN >XHMATIKO

PDa
T ;
D
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[Mvakag aAnBeiag
A B C Carry  [Sum Result
0 ( ) [ ) 0
0 ( 1 [ 1 1
0 1 0 [ 1 1
U 1 1 1 ) .
l ( ] I 1 l
1 ( l l 0 /
1 1 | l ) )
1 1 1 l 1 3

SUM=ArBAC

Carry = (A&B)|(A&C)|(B&C) EGAPMOZE| DE MORGAN KAI KATAAHIEI E

CARRY = [(A&B)'&(A&C) &(B&C)T 18 TPANZIZTOP ME NAND IMYAEX

164



ANTQNIOZ MIX MAPATKOYAAKHZ

Sum

c c fullAdder

S B 5

Sum

Carry

o4

2 —Jj

c s=(a&b)|(c&(alb))

SUM=A"BAC

S Carmry

Carry = (A&B)|(A&C)|(B&C) EGAPMOZE| DE MORGAN KAI KATAAHIEI SE

CARRY = [(A&B)&(A&C)&([B&C)] 18 TPANZISTOP ME NAND

carry=(A&B)|(C&(A|B)) 1} CARRY = (A *B) + (C * (A + B)) 12 TRA WITH AOI.
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CARRY (KPATOYMENO) MAHPH AGPOIZTH ME 12 TPANZIZTOP
carry=(A&B)|(C&(A|B)) Acarry=A*B+B*C+A*C=(A+B)*C+A*B
Carry = (A * B) + (C * (A + B)) MO XQ>TH YAOTMOIHZH

KYKAQMATIKO AIATPAMMA
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AOPOIZMA
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ONE BIT ADDER

P=A®B G=AeB SUM=P®C CARRY =G+PeC
Citi = ;b +cCi=(a,+ D)

S, =(a+b;+c)e-c,y +(a Db -c)

2

AND OR INV

CARRY=P*C+G
P = PROPAGATION SIGNAL
G = GENERATION SIGNAL

P—A®B SUM=P®C

G:A.B
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Circuit diagram of the CMOS one-bit full adder.
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: Mask layout of the CMOS full adder circut..
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NAHPHZ AGPOIZTHZ ME 24 TPANZIZTOP
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E®APMOZEI DE MORGAN KAI KATAAHTEI E

CARRY=(A&B)|(C&(AB)) r CARRY = (A*B)+ (C* (A + B))

12 TPANZIZTOP ME AOI.

SYNOAO 24 TPANZIZTOP
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Complex
XOR gate

ey sy g

- T I

E @ET;ﬂg‘f'"" “EporZ-$um
it ] T v e

XOR

AP i

]
=

1 2 "”?.’?".f?"”r R ) B “ _"‘ .*""""“"‘Fi.f'}{”‘ ‘?;5%”."]' g
] Lii ;ia ;&a | 4 [ Fii} jEE
v o . Fie | i e = P | i R

i T - (RSP - o PRS- SRR o R e

Wi - s o N B
e -3 | Ee1

%/rf s o

O S S e s =
Cary

R A L A o A P e A A <7 I

EINAI ZYNAYAZMOZ INMYAQN METAAOZHZ KAI ZYNOGETQN MYAQN
NMYAEZ METAAOZHZ I'NA TO AGPOIZMA (SUM) =2 * 6 TRANSISTORS
2YNOETEZ MYAEZ A TO KPATOYMENO = 12 TRANSISTORS
2YNOAO = 24 TPANZIXTOPZ
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|
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AYTO EINAI TO ZXHMATIKO TOY
7 : : > Sum
b 5 Carmry
83

s=(a&b)i(c&(alb))
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Mia dla@opeTiky oxediaon TTARPoug aBpoloTh PE TTUAEG peTddoong yia va

oxnuatioer TTOAUTTAéKTEG Kal XORS. Exel 24 T1pavdioTop Kal TTAPEXE
QTTOMOVWHEVEG £€£000UG OWOTNAG TTOAIKOTNTAG KAl ioNng kabuoTépnong.
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Fpga fulladder

Carry

DataOpt

10 periods
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Agaipean duadikwyv apiBuwyv

Mzawwteoc X Agmpereoc Y Awagopa A Aovawko B
0 0 0 0
0 1 1 1
1 0 1 0
1 1 0 0
1010101 Meawwtsog -» 83
-1000111 Aguipeteog - =71

0001110 Awagopa — 14
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ABpoioig BCD
MpooBeriog 1 Mpoofcriog 2
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B 1000
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BCD
45 0011 0101
+ 26 + 0010 0110
&1 0101 1011
+ 0000 0110 Npoodf Toupe 6
0110 0001 XwoTo BCD &1
Avatiké ABpowopa | Abporopa BCD
sy 8520 58 SO0 1L K GEL vAL Rt ) Agkobikog
e 6 6 494 0 e a a o 0 0
D 0 a 0 1 D 4 O & 1
o 0 O 1 0 0 0o 0 1 U 2
2 [ & GO ¢ 1 1 4 S 6 SR 1 1 g
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0 0 1 0 1 0 0 1 3 [ | 5
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e 2 0 0 0 00 = 0 0 0 th
o 1 0 0O 1 & 0 0 1 9
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15
16
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4 BIT AGAIPETHX

nin

Cany sub_hex sub

4-bit substractor circutt

A fadd Cany
B

Sum

— S e —h

— | eo | =

—u |0 | T T

[ | NN B
—nl

A fadd Carry
B
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Carry
B Sum

/|| =l 1
— | |eo|—
—u | | == [T
(SR gl AN R

4’_[ I_\_‘
&L

NN

Carry

/ % B Sum
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4 BIT AEKAAIKOZ KAI AEKAE=AAIKOZ AGPOIZTHX ME NMAHKTPOAOTI'10

(Unsigned) |
sum

%{2

(Hexa] | |
sum

A
[ D E F B Carry
El ﬁ A B C| fullAdder Sum
Y1a3(b]]
INE ;
. B Cary
C| fullAdder Sum
L|D]E|F S
0]3]AD '
41301 g =
TNHE FfuliAdder Sum
Al halfAdder Carry
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DATA SHEET OF FULL ADDER

| Au
gust 1985
FAIRCHILD Revised March 2000

]
SEMICOMND JCTOR i

DM74LS83A
4-Bit Binary Adder with Fast Carry

General Description Features

These full adders perform the addition of fwo 4-bit binany B Full-zcarry fook-zhead across the four bits

numbers. The sum (X} outputs are provided for each bit @ Syctems achicve partial look-zhead perfermance with
and the rasultant carry (C4) is obtained from the fourth bit the ecenomy of ripple carmy

These adders festure full internal look ahesd across all four
bits. This provides the system designer with partal look- :
ahesd performance at the economy and reduced package Twio 8-bit wards 25 ns

count of a ripple-camy implementation. Twio 16-bit words 45 ns

The adder logic, including the carmry, is implemented in its B Typical power dissipation per 4-bit adder 85 m\W
true form meaning that the end-around camy can be

accomplished without the need for logic or level mversion.

B Typical 3dd times

Aued isey yum Jeppy Aueuig Ng-v YE8STPLNG

Ordering Code:
Order Number |Fackage Number Package Description
DMT4LSEZAN | H1GE 18-Lead Plastic Dual-in-Line Package (FOIP), JEDEC MS-001, 0.300 Wide

Connection Diagram

a4 T4 (=] Co  OMD BT 4 =1
L1 -] 14 13 |4 11 1 9
I Cd <o a1 a1
— B4 11
— A4 A2
Ed &3 B3 EZ E2
1 2 1 |4 'Is FE E 8

a4 L3 A B3 Vop L2 B2 AR

& 2000 Fairchild Semiconductor Corporation 05008378 wwnw fairchildsemi.com
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DM74LS83A

Truth Table
Ousputs
Inpuls When€a = L me-ﬁ
- WhenCa ~ L Whan G2 ~ H
a1 B Az B2 1 - | x2 o) 3 Iz c2
A3 B3 Ad Bd I3 T4 ca i3 t4 c4
L L L L L L L H L L
H L | | H L L L H L
L A % L H L L L H L
H 4 | L L H L H H L
L L H L L H | H K L
H L H L H H L L L H
L H " L H H L L L H
H ol H L L L H H L H
L L L H L H L H H i
H L L H H H L L 1 H
L M L H H H L L L H
H H L H [ L H H L H
L L H H L L H H L H
H L H H H L H L H H
L H H H H L H L " H
H H H H L H H H H H

H = HIGH Lewsl, L= L0 Lewsl

Ingeal conileme al A1, B1, A2, B2, and 00 e gesd o delaries culputs 1 and T2 sed s walus of the sieenal caery OF, Tha valuse s G2, A% B3, A4, ang

B4 are then used to determing outputs £, T4 and £a

Logic Diagram

E L]

Al

K
B %
1
&d
-
[1k1]
i
-2
(1]
I.lmh h-
[} {}x— T
woaw fairchildsemi.com 2
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Supply Voltage

Input \oltage

Operating Fres Alr Temperature Range 0°C o 4+70°C
Storage Temperature Range 659G to +150°C

Absolute Maximum Ratingsot= 1)

Mabe 1z The “Absolule Maomum Ratings” are fose vaues Deyond which
o tha safuly of the device cannol be guaranbesd. The dovice shoudd not be
v opernled & lhass lmils, The parameing vibes delfeesd o the Elecicsl
Characlenstics abkes are nol quaranbesd 2% the absoiube maximum raings.

Recommended Operating Conditions

Tha "Racommandad D,:rnﬂlim; Conditions” lable will dafing ha condBons
Tor acdunl deans agarabion

Symbol Parameter Min Hom Max Units
Ver Supply Vokage 475 5 5.25 v
Wiy HIGH Leve! Input Voltage 2 v
Wi LW Leve! Input Voltage 0.2 W
law HIGH Lewe! Qutput Current 0.4 mé
b, LOW Level Qutput Current 2 mé
Ty Fres Air Operating Temperature L] 0 "0
Electrical Characteristics
mwar racommanded oprrating frar air tirmparatune range {uniess othrrwisa natad)

Symbol Paramatar Contditicna Min ‘_HE'!J 7 Max Unitz
L] Inpet Clamp Woltage Vg =Min, [ =18 mA -1.5 v
Vo HIGH Level Ve = Min, | gy = Maax 5 i ”

Cutput Voltaga Vg = Max, Vi, = Min
Viu LW Leval Voo =Min, Iy = Max e &
Cuilpt Vallage Vg = Mk, Vi, = Min v
T =2 T, Wi = olin 025 04
I Inpet Currant §i M Vi =Max Awd 0.2 i
Iripual Wilage Y, =TV cn 04
= HIGH Lewal Voo = Max AorE a0
Input Cusrent Vi=2 TV co 20 i
Iy LOW Level Vi = Maax AwE 0.8 o
It Gt W, = 0.4 [l F)
g Shovt Crcult Outpit Curment | Vi = Max [Nole 3 20 -100 M
lei Supply Currend Ve = Max (Ml d) 14 M mA
lpes Supply Gurrant Ve = May [Mate 8] ] ] madh

Note 2 .00 hypicals are at ¥pp = 5, Ty = 25°C.

Hots & I s measuned with 24 outpuls OFEMN and all inputs grounded.

Mots 32 4ol mera lhan cee el &ousd e shdripg &l = e s e dosiaor ghoukd i sxessd ns ssmng
Hote 42 Ly i masure wilh @ sutpuls open, sl B epots LOW and sl alber inpule 81 4.5 ae all inputs 414 5%

www.fairchildsemi.com

VEBSIPLING

189



ANTQNIOZ MIX MAPATKOYAAKH2

DMT74LS83A

Switching Characteristics

Vo = 54 and T, - 25°C

From {Input] R, - Z kil
Symbod Paramster To {Dutput} C, =15pF C, =50 pF Unliz
Min Max Min Max
togw Propagaton Delay Tima ¥
COie ¥ or X2 24 28
LEOW-to-HIGH L swal Chatput "
[ Propagatan Delay Time
GO o E1 or T2 4 kY
HIGH 1oL OW Level Cutput ozl s
= Fropagatan Dalay T
LM it GOt E2 24 24 -
LOW-ta-HIZH Level Cutpul
Fropagatan Dy T
i dulyope by Chie X3 4 3 s
HIGH-to-LOW Level Output
TeaH Propagatan Delay Time ,
T
LOIW-tn-HItsH Lewal Cuput oI : = =
1-P|-l'. Propagaton Dalay Tims 0 b B a4 ) e
HIGH-le-LOW Level Outpit
1 Prmopagation Delay Tima
ot i A, B0 E 4 8 s
LOW-ta-HIGH Leval Outpit
[ Propagatian Delay Time i
¢
HIGH-D-LOW Lol Cutput ABioE = - =
e FIDARAn Lk T Gl b 4 T 24 =
LOW-La-HIGH Level Qutput
Propagatan Dalay T
i igogibhiis i o C4 7 25 s
HIGH-o-_0W Lievel Output
[ Propagatian Delay Time
- 1
LOW-to-HIEH Leval Dt v i % = =
. Propagaton Delay Time
g v A, B Gl 7 24 i
HIGH-e-LOW Level Output

vrww fairchildsemi.com
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z f E o
thElCﬂl Dimensions inches {millimeters) unless otherwise noted -
. |
: 0742 - 8,780 | onee '&
LEI- 100 :
| ] 981} _.1 S E
£
0.250 0010 =
16,350 £0.254) -I_h
v1]
=
CETHON 0 0065 (1]
St 4.060 4= TR 0.300 - 0320 16} =
—_ = — sy AL s =5
4 LR faz ¥ ’*"., OPTICHAL _-I {7 E20=5.128} i ]
B.145=0.200 k : | 2
(3683=5080) § ¢ I b
T $ o
: ! pETEse CLNB =001 o
e L4 TP - ¥
53-% W= A L % = CTTEREYTT =
e 0,135 0,150 0.030 £9.015 112}
[3.175= 50} | = L‘-{m L g‘
014 = 0,023 |, BIO0E00I0 +[1.040 =
03560584} gt 1+ 1Y (05285015 weinn. | &
L) (12720254} Ly (s.255 ;918 )
il ol ]
-
16-Lead Plastic Dual-In-Line Package (FDIP), JEDEC M3-004, 0.300 Wide (9]
Package Number H16E 3

Fairchild does not assume any responsibdity for use of any circuitry described, no cicuit patent Boenses are implied and
Fairchild reserves the right at any time without notice to change said circuitry and specifications.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE MOT AUTHORIZED FOR USE AS CRITICAL COMPOMENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS YWITHOUT THE EXPRESS WRITTEN APPROWAL OF THE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATION. As used herain:

1. Life support devices or systems are devices or systems 2. A criical component in any companent of a life support

which, [a} are intended for surgical snplant into the device or system whese failure to perform can be res-
body, or (b) support or sustain Ee, and {c} whose failure sonably expected to cause the failure of the life support
fio perform when properly used in accordance with device or system, or to affect its safety or effectiveness.
mstructions for use provided in the labeling. can be res-
sonably expected to result in a significant injury to the www Fzirchildsemi.com
USEr

& woanw. fairchildsemi.com
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KE®AAAIO / ENOTHTA 9

KE®AANAIO 9

AKONOYOIAKA KYKAQMATA
Td AoyiKé KUKAWKATA TTOU XPNOIKOTTOIoUVTal OTa WNQIAKE cUSTANATA iTTopolv va sival &ite
ouvBuaaoTIKA £iTe akoAouBiakd. Ta cuvBuacTikKa KUKAWHaTa amapTifovral ammo AoyIkEg TTUAEG
otrou ol e§6801 Toug KaBopilovTal , ava TTaca oTiyur, HOVOo aTro ToV TPEXOVTA CUVBUAOHO
1068wV, KdBe cuvdudoTikd KUKAwa ekTeAsl pia AsiToupyia'n oTroia ptropel varpoodiopioTei
Aoyika atro éva cuvoho cuvapTicewy Boole. Z1a akoAouBiakd KUKAWNATA eKTOG aTToAOYIKES
TIUAEG , Eoupe Kal oToixeia pviung (dnAadn dioTalr) oTolxsia Twy oTroiwy ol £§6d0o1 yTTopoUV
va NEEPoUV PeTagl Buo KATaoTACEWY),N HETARACN aTTo TNV MIA KATAGTAaN TTETUXQIVETAl ME:
KataAAnAn Siéyepon Twv siIc6dwv. Eva dioTabég oToixeio @TiaxveTal ue T Siaculguén
katdAnAwy SigkoTrTIKWY otoixeiwy. O ££6801 Twv AKOACUBIAKUWY KUKAWHATWY eEQpTWVTAI
o)l MOVO aTTo TIG £10030UG , aAAd Kal ATTo TNV KATACTACH TWY OToIXEiwy YvApns. H kataoTaon
TWV OTOIXEIWV UVAKNG £EQPTATAI ATTO TTPONYOUEVES eicodoug. Apa Aoirov n TpExouca
KardoTtacn Twy £§63wv Twv akoAoUBIaKV KUKAWPETWY eEapTWwvTal aTTo’ ‘rlg’"Tpsxoucsg
£l0680Ug KABWE Kal aTTo TI§ TIponyoUNEVEG KATAOTATEIG TwV £E68wWV Toug. |,

MavdaAwTrg e TTUAEG NOR |, evepyd oT0 1

i Q
< —7
o —f o
c f [
77T S o
- — ; e i
Afpyc c7e (S % s} Ck'/’?f,’/ i . ‘ .
f(f/ f‘ﬂL O 7 o X
- A W
& T & O 7 < Lo a7
/ 1 1 7T & o o | i CC/J/ Lraycexcaces/
e o O & O o / O
[6 0 7 @ o 7~ ot
5 B1Q Q AEITOYPTIA
00 (g MeTd a6 S=0 kon R=1 ApeT&BANTN
0 0 1 0 MeTa armo 5=1 kan R=0 KOTOOTOOT)
5 | el Q=0 Mnbeviop6g
1 0O 1T 0 Q=1 O¢ton
A | 0 Mn xpnoipotToiolpevn Mn xpnoipoTToiotpevn
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ME S0 dwe Lo n f;'){’;:/o‘}" R =0 1 bppr=C
wMe S=7 yer ,,f;";_C____p M BT lpar=7
L -
J A

's)

s L-R=C ¢! ) N [ aarnin]

o £ atenl e
—YUs Jehel /J A ; u,/q{w —
- ‘k — pepep e S e RS

._ _— = - /I{ﬁﬂéé{;/ 7y Jzé) /f/f’ 7(.04; ///‘{Ij
- (%ﬁ/z . .
| _ 57 L/
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AKOAOYOIAKA KYKAQMATA

RS Latch (NOR)

E s Q ng
i} 0 C ng
i} 1 1 ]
1 0 ] 1
1 1 0 ]

£ RO O
¢ 1 01 @
0 01 0 (after§=1R=0)
1 — g% 8 1
[ 0 0[0 1 (afterS=0,R=1)
o— — s e 110 0 (forbidden)
(a) Lome diagram (b) Function table
SR latch with NOR gates
Undetermined
initial state Reset pulse
TN L M
e i ]
I e A e
Q-1 Q=0
(Permanent) (Permanent)
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(NAND)

R5 Latch

ng

2

]

=

ng

t

Se

Reset

Reset

Sat

0)

fafter S = 1. K =

|
1
0
0
|
(b} Function table

Siset) —

5A latch with NAND gates

Set pulse

Reset pulse

Both Reset and
Set active

||||||

R BT T MoATTECOE RO ret e grepe i e e R e

I R R

- = = =]

Hesst

B e N N N N

&

nd

|||||

e

el el T R g e A R i B R e g g
v . . . . .
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e

I

=

EREICIEREY =TT FY FRFrie ) Frr Beprpeasepey Fr

e

4

e

Bt ety

=
-

T
Pk Pl

]

f
B

L)

Set

&

n

)

3

Sty

feoas

o sl e

S

Reset

f;’ff;@(

"

T

e

L3 S & Rty

B

Ed

- =y - = =
e e e e
Mﬁéﬁ@a&m&.ﬁ

T

Ej

Iy

=

196



ANTQNIOZ MIX MAPATKOYAAKH2

; 120
! 120
Set actve

;

1

[l

1

[l

i

i

i

i

;
Unpredictabls 000
matial state 10
0.0 0s 1 15 1] 25 10 15 40 4F Timefne)

VERILOG CODE

module RSNand{ Reset, Set,Q,nQ) ;
input EReset, Set;
output O,nd;
nand #{23) nandZ {(Q, Set,nQ) ;
nand #{(23) nandZ2 (nd,Q, BReset) ;
endmodules

// Simulation parameters
always

#1000 Set=~S5et;

200 Resest=~5et;
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= Tm

200 j
|
|
Reset
0.0
0.000
200
Set
00
0.000
200
|
nor2_na ‘f‘ ‘\
— / \
f. Y
00" L
0000
200
{ / 2000
f/// \ lf
!
J/ y
nor2_ / 46ps d 549ps
/ \ ,fl
Pd \
0.0/ \
00 05 10 15 20 25 30 35 40 45 Time(ns

<1 c

@ mle

=ul

=

-

"\Voltage vs. time {Voltages and curtents [Voltage vs. vottage [Frequency vs.ime {Eye diagram |

VERILOG CODE

Module RSNor (Reset, Set, Q, nQ);
Input Reset, Set;

Output Q, nQ;

Nor nor1 (Q, nQ, \Reset);

Nor nor2 (nQ, Set, Q);

endmodule
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MavdaAwTig RS

O XapakTnPIOTIKOG TTiVAKAG TOU ouyxpovou PavTaAwTh RS pe mmuAec NAND
TTou O¢gixvel TNV eToPevn KatdoTaon Q(n+1) étav gival yvwaoTr) N TTponyoulevn
kKardotaon Q(n) kai ol €icodol.

Qn) § R | Qin+1)
TR T T | _
0 g 9 0 5 R | Qin+1)
& 4 0 r 0 0 | Q)
o R X 0 0 1 0 |
TR | LI |
| 1 0 1 0 1 I X
| |
!

I 0 I
1 I X

H Asitoupyia Tou €ival n €ENG:

1. Otav 10 S = 0 ka1 T0 R= 0, 107€ N €mmOPEVN KATaoTaon (€¢odog Q) eival idia
ME TNV TTPONyoulEVN KATAOTAON.

2. Otav 10 S = 0 ka1 70 R =1, 101€ N emépevn karaoTtaon givar Q = 0.
3. Otav 10 S =1 ka1 70 R = 0, 10T€ N €MOPEVN KaraoTaon ivar Q = 1.

4. Otav 10 S =1 ka1 T0 R =1, 161€ N €MOPEVN KATAOTAON Eival aTTPOoodIOPIoTN .
AuTA gival un xpnoiJoTToloUdEVn KATAoTaOT.

O mivakag diEéyepong Tou PavoaAwTrh Ocixvel TOV TPOTTO PETARAONG ATTO TNV
TTapouoa KATaoTtacn oTnv  E€TTOPEVN  KATAOTOON KOl TTAIPVOUPE  TOV
XOAPAKTNPIOTIKO TTiVOKA TOU JAvOOAWTH).
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Mivakag diyepong

s R |Qm|qQm+n

o x| o [ o

| s 0 1

1 IS 1 0
X 0 1 ‘ 1
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Next state of ¢

No change

No change

Q = O reset state
0 = |:set state
Indeterminate

BN ey

——— — ?
—— D D e i
— T |

(2) Logic Jiagram (b) Function table

SR latch with control input

Nexi state of

En

(2 = () reset stale
0 = 1; set state

D
X | No change
]
1

(a) Logic diagram (b) Function table

D latch

Datal >.

E Clock 1

—
K

nil
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Tava QTOQUYOUYE TIC QVEMIBUKINTEC AKOBOPIOTEC KATAGTATEIC TOU RS pavBaAwT TIAPGAQ Tou

- DloBETouv OUyXpovn AeiToupyia propolje va Traye ot olyypovo JK pavdaAwm pe miAe¢ NAND SR
1000wV povo kai e106doug evepyéc ato 11 pha Tmio BeATiwévn Ekdoan alyypovou pavod-AwTr JK
amo Tov gavdaAwrr SR pe TUAE¢ NOR 1 akopa KaAUTEPA yIa vVa aTTOQUYOUE TO ave-TBULNTO
TpORANua XpoviapoU , n dIGpKEI TTORANOVAC ToU poAayioU aTo 1 Tpémel va eival pikpdTepn ammo
mv kaBuatépnan diadoang atmo Tnv €igodo aTnv £6000 Tou JK pavoaAw. TTou onuaivel 6Tl Ba
TIpETEl TO OTjua poAoyiol va katéRel aTo O Trpiv 1} €Codog aAAGCel TIpR. Mia alyypovn kdoxn
pavoahw eival o pavdarwmc D kai T Trou xpnaipoTrolobvial oe karaywpnteg(D) kai etpnteg (T).

rl/ a0 (e ,__[.’.)

| | L

R
(it /x o o JK A{f;@//@z/é@}
' Slaplq e "
57({;’ P C ﬁ;ﬂfﬂ ) pyt 7 7\7}}9 y

7
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XapaKTNPIOTIKOG TTivakag D aguyxpovou uavoaAwTn

Q) D | Qin+1) | =N
0 0 0 . D | Qn+1)
0 ! 1 i 0 0
| 0 0 1 |
1 | 1 ' i

Mivakag diEyepong D pavoaAwTn

D Qin) | Qin+1)
T
1 0 |
0 I 0
I 1 1

["pa@iké oupBoAo Tou D

—p ob—

e P Ql—

O D pavdaAwTAG uAoTroligital atro eva RS pavdaAwTth kai pia muAn NOT .H
AEIToupyia Tou givai:

1. Av 0 TTaAuo6g Tou poloyiou eivar oto CLK = 0, 10TE 0 PavOOAWTAG Oev
aAAAGCel KaTAOoTAON, AVECAPTNTA ATTO TNV TIKA TNG €106d0u D (Edw o1 106001 e
TTUAeg NAND eivar 1)

2. Av o TTaAu6g Tou poAoyiou gival CLK = 1, 161 £xoupe Ta €GAG:
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-av D =0, ommote Q = O(uNndevioudg)
-avD=1,Q=1(6¢on)

O pavdaAwTAg autdg ovoudletar D dioti ptTopei va armmobnkeuel dedopéva
(Data) kai va kaBuaoTtepei Tnv diddoor Toug (Delay).

Kavoupue TNV €¢N¢ Taparipnon, étav 1o CLK = 1 ,161¢ Ta dedopéva eic6dou D
TOU PavoaAwTA TTave otnv £€¢o0do Q. Evw o6tav 1o CLK = 0, 161€ TO dedopéva
€10000u D Tou pavdaAwThA dev TTave oTnv €000 Q péxpl To CLK va yivel TTaAi 1.
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D LATCH LAYOUT
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200
2000
clock1
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200
Data
00
0.000
. = f i |
( l
| ( 1 /
oGate]_0 | [
N j \ i
/ \ | }
AU A / I - I\
0.000
200
(— 2000
oiGatep_n 52ps 140ps 51ps 2085{51;15 140ps dbipss
0 R
00 20 40 6.0 80 100 120 140 16.0 18.0 Time(ns)
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Sefup to characterize the minimum clock width ~~ |
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200 L e = L
Clock
Y
0.000
200
2000
Data
0.0
200
P i \ 1857
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200
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MavdaAwTng J - K

H Aeitoupyia Tou €ival n €ENG:

1.01av 10 J = 0 ka1 T0 K= 0, T0TE N €TOUEVN KATAoTaON (£€000¢ Q) €ival idla pe
TNV TTPONYOUMEVN KATAOTAON.

2.01av 10 J = 0 ka1 T0 K =1, 161€ N €TTOMEVN KATAOTAON €ival Q = 0.
3.0tav 10 J = 1 ka1 10 K = 0, 101€ N €TTOUEVN KOTAOTAON €ival Q = 1.

4.0t1av 10 J =1 ka1 10 K =1, 167€ n €mméuevn Kardotaon dev gival amrpoodIo-
pIoTN OTTWwG oTov RS pavdaAwTth , aAAG avTmioTpépeTal , dnAadn €ival n
OUUTTANPWHATIKI TNG TTPONYOUNEVNG KATACTAONG.

XapakKTNPIOTIKOG TTiVAKAG

Lin) | Kk OQin+1)
0 0 () ()
() () I 0 | K Qin+1)
) l () | 0 (1 Ln)
0 | | 1 M 0 1 0
| U () I | 8 |
| 0 1 0 =, Qin)
1 | 0 1
| | | i
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[Mivakag diEyepang
| K (Jin)
() X ()
i X ()
X I |
X L |
To ypagiko oUupoAo
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MavdaAwTtng T
[MPOKUTITEI ATTO TNV OUVOEDN TWV €I000WV ToU J - K navoaAwTn
H Aeitoupyia Tou €ival n €¢NG:

1. Otav 10 T = 0, 101€ n €mMOpevn KatdoTaon (€¢odog Q) eival idia pe TNV
TTponyouuevn KatdoTaon.

2 . O1av 10 J =1, 10TE N ETTOUEVN KATAOTAON QVTIOTPEPETAI , ONAADA €ival n
OUUTTANPWHATIKI TNG TTPONYOUNEVNG KATACTAONG.

XapaKTNPIOTIKOG TTIVAKAG

{;:'l":' | Lin+1
0 0 1 Qin+1)

{ | ' i 0 Q(n)

1 0 | | Qn)
| 1 [

[Mivakag diEyepang

| (J(n) On
() ]
1 )

Mpagikd ocUpBoAo

) =

P ()

214



ANTQNIOZ MIX MAPATKOYAAKHZ

s =~{(fadkb)|c)

-

Q=~{{C&~DInQ)

3

nd=~{(C&D)NQ)

N
a —{}! I:|—0|
¢
5_=j*-[fa&|::];'|:}
| B

i % C
B v &

g=~[[a&hNd);

Frir

CMOS implementation with complex gates (Befter design, 14 transistors)

P &
b

't'/;”'"";?/" e

e
s Tri e

T e
e
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Data copiedto Qwhen Dt ignored a5 clock]

is "

1R L 12
| !
' i
........ il - .
i T
i Q keaps the last walid i
000
I
-10C
1.20
I6pa
|
IH Tirre(re]

VERILOG CODE

module DLatchCompile( Data,Clock,Q,nQ);

input Data,Clock;
output Q,nQ;

assign 2=~ { (wl&aClock) InQ);
assign no=~({ (Data&Clock) | Q) ;

not inv{wl,Data);
endmodules

// Simulation parameters in Verilog Format

always
#1000 Data=~Data;
#1000 Clock=~Clock;
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VHDL CODE OF DFF

38 architecture Behavioral of

41 process (CLK)

43 if CLK' event
44 Q <= D;

45 end if;

486 end process;

48 end Behavioral;

and CLK

dff

Ty

Sat Aug 26 18:44:22 2017

Page 1
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_dff b vhd Sat Aug 26 18:45:00 2017

O W~ oy W W

I :/Users/a
= Pra DFF
== Target. DEVide;
10 -- Tool versions:
11 == Degeription
12 —
i3 -- VHDL Test Bench Created by module: dff

[
TS
I ]
I ]

[y
g o
] I
(.

Revision:

b
[s¢]
1
1

Revision 0O

il
o
1
]

Additional Comments:

NN
M = O
I i i
1 i 1

m y ing types std_logic and
23 - 2 ts e i est. Xilinx ¥
24 -- that these types always be used for the top-level I/0 of a de
25 -- to guarantee that the testbench will bind correctly to the
26 -- simulation model.
I e e T L e
28 LIBRARY 1 i
29 USE 5 1 e ALL;
30
33 -- Uncomment tt 2laration if using
37 -- arithme Unsigned values
33 5
34 .
35  ENTITY dff tb IS
36 END dff tb;
37
38 ARCHITECTURE behavior OF dff tb IS
39
40 -- Component Declaration for the Unit Under Test (UUT)
R OHE
42 COMPONENT dff
43 PORT {
44 D IN std_logie:
45 CLK @ IN std_logic:;
46 Qg ¢+ OUT std
47 14
48 END COMPONENT;
49
50
51 --Inputs
52 signal D : std_loc = TG
53 signal CLK : std lag = '0';
54
55 —=Dutm
56 signal 1 &
57
Page 1

218



ANTQNIOZ MIX MAPATKOYAAKH2

,.nd Sat Aug 26 18:45:00 2017

eriod definitic

CLK period

59
60

62

63 -— Instantiate the Unit Under Test (UUI
64 uut: dff PORT MAL

65 D => D,

66 CLK => CLK,
67 Q =>Q

68 )i

69

70 -- Clock process definitions
i CLK_process

%
< e

73 CLK <= '0';

74 wait for CLK period/2:
75 CLK <= '1';

76 wait for CLK period/2;
77 end process;

78

79

80 -~ Stimulu
81 stim_proc:
82 begin

83 -- hold reset stat for 100 ns.
g4 wait for 100 ns;

85

86 wait for CLK period*10;

87

88 -- 1insert stimulus here

89

90 wait;

91 end process;

92

94

Page 2
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I v Flip Flop.vhd Sat Oct 16 08:45:50 2021

l ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
-— Company:

-- Engin

n

» D_Flip_Flop is

33 Port ( CLK : in I :
34 FEST ¢ iin L ]
35 D : in H
36 Q : -out IC) ;
37 end D_Flip Flop;

39 architecture Behavioral of D_Flip Flop is

'\I
o
(88

43 process (CLK,RST)

47 if(RST="1")then
48 Oo<="0";

50 elsif(CLK='1' and CLK'EVENT) ther
51 Q<=D;

57 end Behavioral;

Page 1
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DATA SHEET OF D LATCH

R SNTALVC1G373
SNTALVC1G373 Single D-Type Latch With 3-State Dut;aut
1 Features 3 Description

«  Ayailable in the Texas Instruments
ManoFree™ Package

+ Supports 5-V V. Operation

v |nputs Accept Voltages to 5.5 V

+ Provides Down Translation fo V..
+ Maxt,ofdnsatddV

* Low Power Consumption: 10-uA
Maximum |~

v +24-mA Qutput Drive at 33 V

v |« Supports Partial-Power-Down Mode and Back
Drive Protection

v Latch-Up Performance Exceeds 100 mA
Per JESD 78, Class Il

2 Applications

+ Servers

+  Printers

+ Telecom and Grid Infrasfructure
+  Memory Addressing

+ Buffer Registers

+ Electronic Point of Sale

The SNT4LVC1G373 device is a single D-type latch
designed for 1.65-V to 5.5-V V.. operation.

This device is particularly suitable for implementing
buffer registers, /O ports, bidirectional bus drivers,
and working registers. While the latch-enable (LE)
input is high, the Q outputs follow the data (D) inputs.
When LE is taken low, the Q outputs are laiched at
the logic levels sef up at the D inputs.

ManoFree™ package technology is & major
breakthrough in IC packaging concepts, using the die
as the package.

OE does not affect the internal operations of the
latch. Old data can be retained or new data can be
entered while the outputs are in the high-mpedance
ctate.

Device Information(1)

| PACKAGENUMBER | PACKAGE | BODY SIZE (NOM) |
|SNTALVCIGITIDEV |SOT-23(8)  |280mmx 160mm |
| SNTALVCIGITIDCK | SCTO (8) |2.00 mm % 1.25 mm |

| SNTALVC1GITIVZP | DSEGA (6) 141 mm < 0.01 mm |

(1} For all avadable packages, see the orderable addendum at
the end of the data sheet

Logic Diagram (Positive Logic)
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3 Texas
INSTRUMENTS

www.tl.com

SN74LVCAGIT3

SCESE2EF -DECEMBER 2003 ~REVISED MAY 21T

5 Pin Configuration and Functions

DBV Package
£-Fin SOT-23 DCK Package
Top View 6-Fin 5CT0
Top View
e[ |1 s[]]oE lE[T]1 s[DoE
GND []]2 5111 Ve
oo ]2 5[]]% o
p[T]s +4Tla
o[[]s  +[T]o
See mechanical drawings for dimensians.
YZP Package
6-Fin DSBGA
Bottom View
1 2
l: @
A @
Kol to scale
Pin Functions
PIN
- - o ‘ DESCRIPTION
HAME | DCK, DBV | YZP .
LE 1 A1 I Latch Enable; cutput follows O input when high
GND 2 B1 - Ground
O 3 1 I D lateh input
Q 4 c2 Q Q latch output
Ve i B2 — Positive supgly
O g A2 Active low output enable; H-Z output when high
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3 Texas
INSTRUMENTS
SNTALVCAGITS
SCESE2AF -DECEMBER 2003-REVISED MAY 2017 wwvi.fL.com
6 Specifications
6.1 Absolute Maximum Ratings
over operafing freg-ar temperafure range (unless otherwise nofed)”
MN  MAX | UNIT
Ve Supply votage 05 B5 v
TRT— 05 65 v
Wy  Voltage range applied to any outputin the high-mpedance or power-off state™ 05 B5 v
Wy Voltage range applied to any output in the high or low state™ ! 05 Ngp+05 | W
Iy Input clamp curent AL 50 mh
lox  Output clamp current Wiy <0 -4l mA
ly  Coniinuous output current 150 mA
. Confinuous cument through Yy, or GND $00 mA |
T, Absoluie maximum Junction temperature 150 °C
Ty Storage temperaure 5 150 G|

{1) Siresses beyond those listed under Absolute Maximum Rafings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any oiher conditions beyand those indicated under Recommended
Operating Condifionz. Exposure to absolute-maximum-rated conditions for extended periods may afiect device reliability.

{2) The input and output negative-voltage rafings may be excesded i the input and output current ratings ars observed.

{3) The value of Ve is provided in the Recommended Cpersfing Conditions.

6.2 ESD Ratings

VALE | UNT |

Human-bady model (HEM), per ANSUESDA/JEDEC 50011

£2000

|\I-F5&| Electrostatic discharge

Change-devioe mods! (COM), per JEDEC specifcation JESDZ2C1017) | 1500

{1} JEDEC document JEP155 siates that 300-V HBM allows safe manufacturing with a standard ESD control process.
{2} JEDEC document JEP157 states that 250-V COM allows safe manufacturing wih a standard ESD control process. COM tested on DBV

package
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{p TEXAs
INSTRUMENTS
SNT4LVCA1G3T3
www.t.com SCESE26F - DECEMBER 2003 - REVISED MAY 2017
6.3 Recommended Operating Conditions
Gea i
Cperating 1.85 55
Voo Suppyvotage S .
Voe=185V1in 185V 085 % V. 55
, , Ve =23V 2TV T 55
Vin High-level input valtage Ve =3V 36V 3 55 W
Voo =45V 55V 0.7 % Ve 55
Ve =165V to 195V 0 0.35%Vee |
: Vee=23Vin 27V 0 07
i L el o e Ver=3Vin 36V o 0.8 ¥
Ve =45V 55V 0 0.3 % Vo
V,  Output voliage 0 Vg v
Ve =185V =X
Ve =23V . < |
by High-level oulput current - 18 mA
Ve =3y
24
Voo =45V 32
Ve =185V 4
Ve =23V [ 3
lo.  Lowlevel output current 15 mA
Ve =3V - |
24
Voo =45V ' 12
Voo =18V 2016V, 25V02V 20
Atidv  Input fransition riss or Sl rate Ve =33V 03V 10 nsi
Voo =6V 205V 5
: ; OS2GA package -4 35
Ta Operating free-air temperature t = {1 G
| All other packages 40 125

{1} Al unused inputs of the device must be held at Vi or GMD fo ensure proper device operation. See Implications of Slow or Floafing
CMOS Inpufz (SCBADDE).

6.4 Thermal Information

SNTALVCAGITE
THERMAL METRIC™! DEV (50T-23) | DCK (5CT0) | YZP [DSBGA) |  UNIT

EPINS EPINS 6 PINS
Ra Junction-to-ambient thermal resistance 2108 2652 131 SCIW
Rajoue  Junctionto-case (top) thermal resistance T 121.0 13 *CIW
Rz Junction-to-board thermal resistance G538 58 226 "GN
Wiy Junction-to-top characterization parameter |  &73 72 52 T
-'l|.l:_.q Junction-to-board characierization parameter g5.2 57.3 226 "GN

{1} For more information about traditional and new thermal metrics, sea the Semiconducior snd IC Package Thermal Metrics application
report.
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TEXAS
INSTRUMENTS
SNT4LVCAGITI
SCESSZEF - DECEMBER 2003  REVESED MAY 2017 werw.tioom
6.5 Electrical Characteristics
ower recommended operating free-air temperature range (unless othensise noted)
| ramameTER | TE#T CONDITIONE | Ving | MiN Typi MaX|  UNIT
lgy = =100 165V I 5.5 Vg — 00
Igy = —& m& 1R5 Y 132
lgw = —B ma FERY 14
Vi [T 24 ’
t ~ — j |‘| —
| Loy = —24 ma, 21
lgy = =32 M4, 45V 3
lgy = 100wt 165 ¥ o 5.5 W 0.1
Igy =4 m& 1RG5 W 0.45
lp = B m& 23V na
Igy = 16 m& n.4
Wi o - v 1 - 1
| Tq = —40mC m A5G v 0.55
l= 24 mA = " { —l
T, = —40°C bt 125°C 0.5
T, = 40" to BS'C .55
Ly = 32 mA { f EH.3Y |
[ Ta = —40°C b 125°C 0.685
h W= 5.5V ar GHD N¥ 55 1
bz Vo=DiS5Y LAY +5
ke Voot Vg = 55 o i A
kg Vo= 5.5 ar GHOL g = 0 165 o 5.5Y 10
Chrv inpul &) Wep = DG W,
ly Cthar Pwls at Ve o GHD ANt M o
o W, =V or GHD T. = —40°C o BE'C 33V a5 :
B Wy = W or GMD To = -40°C o BE'C 3.3V
{1} Al typical values are atV.- =33V, T, = 25°C.
6.6 Timing Requirements: T, = —40°C to +85°C
ower recommended operatimg free-air temperature range (unless othensise noted) (see Figure 2)
| | Max uNIT
L Puise duabon. LE hgh 3
| Wop= 1BV & 015 Y 24
Wepm2 5V 202 W 2
[ Sauy ima. dala Batana LE] :
Won =33V E0AW 1.5
Ve = 8W 08 Y T4 rs
Vop= TV E04BY 5
V=25V 02V 1.8
'8 Hold lima, dals afes LE]
Wep=3AWEDaAN 1.8
Ve = 5W 08 W 15
6.7 Timing Requirements: T, = —40°C to +125°C
over recommended operating free-air temperature range (unless othenwise noted) (se= Figura 2}
| WIN MAX UNIT
[ Puime duralion. LE high 3
Vo= 1EV L0105V 2%
Ve = 25% 202V 21
[ Satup tima., dala Batona LE |
Ve = A3W O3V 15
Wee= SV 0SY 15 e
Ve = 1EW 0I5 Y 3
Vo= Z8WE02Y 18
I'h Hod tivna. dald A%ar LE] TEa 1] i
Vor=3AW £0IN 15
Ve BV 208 Y 15

g Submit Documentation Feedback
Product Folder Links: SWr4LVCTGITY
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6.8 Switching Characteristics: T, = —40°C to +85°C
over recommended operating free-air temperature range. C_ = 15 pF (unless otherwise noted) {see Figure 2)

SNTALVCAGITS

SCESSZNF - DECEMBER 200K - BEVEEED MAY Z017T

FROM TO 3
FARAMETER TEIT CONDITION S WIN MAX UMIT
(INFUT) [DUTPUT)
Wep = LBV £ 015 Y 2 15
o Ve = 25V 02V 15 5
Vo= A3V EOY 1 4
| Wer =BV 208 W 1 35
"F: D ! - ————— e ; _—
Wen 1BV £ DUISY : 1"
| Mep=28Vz02ZW 1.3 &
LE
Wep SBBY 203 Y 1 4
Wer TV 0BV 1 15
fif
Mer = 1BV 05 Y : 124
= Wer T 2HVEDZY 1.8 as
| % OE ]
Wer =3V £03Y 1 4
Vo TEW 20BN 1 is
W T 1BV OISV F 1
ke | M= 28V z02ZY 1.3 i
lldl {E 'r:l e - .. -
Wep SBBV 203 Y 1 s
Ve TSV DBV 1 53
6.9 Switching Characteristics: T, = —40°C to +85°C
over recommnended operating free-air temperature range. C_ = 30 pF or 50 pF {unless othenwise noted) (see Figure 3}
FROM TO
PARAMETER TELT CONDITIONE MIN MAX UNIT
{INFUT) {DUTPUT) T i
[Weg=18W £015Y 2 1t
- |Weg= 25V a2y 1.5 1
|WMeg=3avenay 1 5.4
|Mee=5W 205y 1 4
kg a I
[Mpg= 1BV 005 2 18.3
= | Wop= £5% 602 Y 15 74
[Wep=33VE0aN 1 5.5
[Ven=awsnswy 1 [
na
[Weg=18W £005Y 2 13
= [ Ve =25V en2y 1.5 .4
= oE a feieoatt
[Wepm 33V enay 1 5.1
Men =AW E0AW 1 .7
Non = 18V £ 0BV 2 17.4
- [Vep=28v 02y | 5.4
[ 0 a i
[Vep=davz0ay 1 6.5
[Wen=swensy | 2
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6.10 Switching Characteristics: T, =—40°C to +125°C
over recommended operating free-air temperature range. C. = 30 pF or 50 pF {unless otherwise noted) (see Figure 3)

FROM TO
PARAMETER TEAT COMDITICN & WIN 1% UNIT
(IMPUT] [OUTPUT)
Vee= 1BV ERI5Y F3 17
2 [V = 28 2 02Y 145 f
Ver= LAV 203Y 1 ]
Ver=BViDaVW 1 £h
Ve =18YL0DI5Y Z 17
E Ver o ZBY 202W 15 H
V=33V 02 1 b
Ver= BV 200V 1 2h
Vo= 18V 2005Y Z 1.5
e (Ve =25 W 202Y 15 7
b 0F o
V=233V 203Y 1 L]
V=BV DSV 1 4
(Ve = 1BV RISV z 18.4
HE Vo= 2BV 202W 1 5.2
|¢ nE m t - S . - S
Ver =33V 03N 1 5o
Ve =BV D8Y 1 5
Ve = 1BV £0IGY z 14
s (Vo= 28V 202Y 15 B
bin OF o
Ve =33V 203V os B.h
[Vernz BV 2B5V oy 55
(V= 18V =015V z 18
Ve =25V 02V 11 7.3
Iﬂ nE m — — - -
Ve =23V :03V 14 B
Ve =EV2DEY 08 5.1
6.11 Operating Characteristics
Ti= 250
| PARAMETER | TEST CONDNTIONS TP UNT |
Ve =18V 19/
o Vo =25Y 19
E ¥ 1
Chipeis (Ve =33V 19
F'WE"[EEJFE&H‘ "I-"m-,=ﬁ"|.l' 0
Coe Capaciance f=10 Mz pF
-‘I-".:-_c=1.E"|.I' 3
Outputs disabied Voo =20V 2
154 1
E'IJ.;;,;=13".I' 3
W =5Y 4|
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6.12 Typical Characteristics
L]
\ = , HipF'SlpF
i Al — [, 15pF
12 I\
£ 10 \
f ]\
I'?' R \"-\_‘\M
fi ]
|
1 -H-H-\--\""— ----"""1-
2
1.5 F FiL1 L] 1.5 4 a5 ]
Vez V)

Figure 1. Propagation delay vs V..
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71 Parameter Measurement Information
OV
51
From Output R, 3 Ay TEST 51
l.hdwTut':L GND = v
(see Mote A) R L Ve
I el GHD
LOAD CIRCINT
INPUTS
v:: ?I m ‘.-I 'I.— [:L RI. ¥I

1AV015V | Vo | x2ns | voR | 22V, | 15pF | 1MQ | DSV
25V.02V | Vo | <2ma | W2 | 2Zxv, | 15pF | 1Mo | D15V
33V 0aV iv <25 ns 15v 6V 15pF | 1 M 0av
V=05V | ¥V, | =25ns | V2 | 2ev_ | 15pF | 1M2 | D3V

INVERTING AND NONINVERTING OUTPUTS LOW- AND HIGH-LEVEL ENABLING

HOTES: A C, indludres probe and jig capacitance.

B. Wawvelorm 1 is for an cutput with intamsal conditions: such that Be outiput ks low, except when disabiled by the output conlrol.
Warvelorm 2 i for an oulpul wilh internl conditions sech thal e output i Righ, ercept when disabled by lhe outpel control.

. All input pulses are supplied by genersion: heving the follewing charectenstcs. PRR < 10 MHz, Z, = 50 0.

0. The ouputs are messured one al a Gme, wilh one innsion per measunesment

E. tn; and i, am the same as 1.

F. 1,, and 1, are he same as {_.

G, ta,, and L,, are the same as 1,

H. All paramedters and wavefonms are not appiicable o all devices.

Figure 2. Load Circuit and Voltage Waveforms
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Parameter Measurement Information {continued)

SNT4LVCAG3T3

SCESLZEF -DECEMBER 200 - REVERED MAY 2017

& Vi
& Open
TEST 51
- W Gpen
ol L™
oL GND
INPUTS
Vs v, T L Vs g R, v,
1BV:015V | Vo =2 ns Vi 2=V 30 pF 1 ki sy
25V 02V Ve =3 ns V2 =N WpF | 5000 | OISV
33¥=03V | 3V | 25ms | 15V BV SipF | S00Q | 03V
5¥:05V V. | =25ms | W2 | 2=V, | S0pF | 500 | 03V
. v
Timing Inpit ¥,
e ————— av
—t—
[P I
I i v Tt T
' ' | : | —,
ot Y. X st Y% Y
ov ov
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PULSE DURATION SETUP AND HOLD TIMES
¥, v
X e = G ¢
| : ov i I o
] .
o I e L
I 1 = ERVRSEO™ Cutput I
: v | o Yw 7 Waveform 1 PNy b )
Hpt ! : C v, SlatV., : ' LRV, 4V, -y
i z : {MHB] I . L
l..—H'—l-i = by, — - ot
i [ Ve nup; i Iﬂr'.'i"" v,
-‘i v m ™ Ta
Cutput * XY 51 at GND Ve L
" (see Mol B)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES
INVERTING AND NONINVERTING OUTPUTS LOW- AND HIGH-LEVEL ENABLING

HOTES: A C, includes probe and fig capecitance.

B. Wereelorm 1 is for an oufpul wilh intemeal condilions such thil e oulipuol i low, excepl when disaibled by the oulpul conlrol.

Wavelorm 2 ks for an oulput with inlemal conditions such that the cutput s high, except when disabled by the outpul contral.
C. Al nput pulses are supplied by generalors hering the following characthenshics: PRRE < 10 MH:, Z, = 50 Q.
[ The cutputs are measured one &t a fime:, with ons transiion per maasuremeant.

E. L., and L, are the sme as 1,
F. i, and ., am the same ast_
G. 1., 8nd L, are the same as {.

H. Al pasamelers and warvefomms ane nol applcable bo all devices.

Figure 3. Load Circuit and Voltage Waveforms
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8 Detailed Description

81 Overview

A buffered output-enable (OE) input can be used fo place the output in either a normal logic state (high or low
logic levelz) or the high-impedance state. In the high-impedance siate, the owtput neither loads nor drives the bus
lines significantly. The high-impedance state and increased drive provide the capability to drive bus lines without
interface or pullup components. To ensure the high-impedance state during power up or power down, OE should
be fied to V-~ through a pullup resistor; the minimum value of the resistor is determined by the current-sinking
capability of the driver. This device iz fully specified for partial-power-down applications using 1. The L, circuitry
dizables the outputs, preventing damaging current backflow through the device when it is powered down.

8.2 Functional Block Diagram

c
g2 D L~

Figure 4. Logic Diagram (Positive Logic)

8.3 Feature Description

6.3.1 Balanced High-Drive CMO5 Push-Pull Qutputs

A balanced output allows the device to sink and source simidar currents. The high drive capability of this device
creates fast edges into light loads so roufing and load conditions should be considered to prevent ringing.
Addifionally. the outputs of thiz device are capable of driving larger currents than the device can sustain without
being damaged. It iz imporiant for the power output of the device fo be limited fo aveoid thermal runaway and
damage due to over-cumrent. The electrical and thermal imitz defined the in the Absolute Maximum Ratings must
be followed at all times.

6.3.2 Standard CMOS3 Inputs

Standard CMOS inputs are high impedance and are typically modelled as a resisior in parallel with the input
capacitance given in the Electrical Characferiziics. The worst caze resistance is calculated with the maximum
input voltage, given in the Absolute Maximum Rafings, and the maximum input leakage current, given in the
Electrical Characlenstics, using ochm's law (R =V = 1).

Signalz applied to the inputs need to have fast edge rates, as defined by AtiAv in Recommended Cperating
Conditions to avoid excessive currents and oscillations. If a slow or noisy input signal is required, a device with a
Schmitt-drigger input should be wtilized to condition the input signal prior fo the standard CMOS input.
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Feature Description (continued)
8.3.3 Clamp Diodes
The inputs and outputs to this device have negative clamping diodes.

CAUTION

Voltages beyond the values specified in the Absolufs Maximum Rafings table can
cause damage to the device. The input negative-voltage and output voliage ralings
may be exceeded if the input and output clamp-current ratings are observed.

e i i Apmmmm -
GND

Figure 5. Electrical Placement of Clamping Diodes for Each Input and Qutput

8.3.4 Partial Power Down {l,n)

The inputz and oufputs for this device enter a high impedance state when the supply voltage iz 0 V. The
maximum leakage into or out of any input or owtput pin on the device is specified by 1. in the Elscirical
Characteristics.

6.2.5 Owver-voltage Tolerant Inputs

Input signals to thiz device can be driven above the supply vollage =0 long as they remain below the maximum
input voltage value specified in the Absolufe Maximum Rafings.

8.4 Device Functional Modes
Table 1 lists the functions of this device.

Table 1. Function Table

Il_l_il_'H
x| Tl Eg
&

ﬁp:r_il— Eé

= x| T|—|o
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9 Application and Implementation

NOTE
Informafion in the following applications secfions is not part of the Tl component
specification, and Tl does not warrant #s accuracy or completeness. TI's cusfomers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application Information

The SN74LVC1G3T3 Iatches can be used to store one bit of data. Figure 6 shows a typical application. The
muliplexer is used to converd parallel data coming in from the latch into zerial data using the &, B, and C select
pins moving up in a sequence. With latch input low by a trigger event, the oulput Q1 holds the previous C, data
entered until the LE pin is cleared.

9.2 Typical Application

Trigger Evant |, ¢ a i
Liwa Data
&}
a oo Griad cutpul
SNTALVADR1A
o
a
o
-]
——LE [s] L

F1]

Copynght & 2016, Texas Instnaments Incorporated

Figure 6. Latch Used With Multiplexer for Parallel to Serial Conversion

9.21 Deszign Requirements

This device uses CMOS technology and has balanced output drive. Take care to avoid bus contention because it
can drive currents that would exceed maximum limits. The high drive also creates fast edges into light loads, =o
routing and load conditions must be conzidered to prevent ringing.
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Typical Application (continued)
9.2.2 Detailed Dezign Procedure

1. Recommended Input Conditions

— For rize time and fall fime specifications, see AVAV in Recommended Operating Conditions.
— For specified High and low levels, see V,, and V,, in Recommended Operating Conditions.
— Inpuis are overvoltage tolerant allowing them to go as high as 5.5V at any valid V-

2. Recommended Output Condifions
— Load cumrents should not exceed 32 mA per output and 100 mA tofal throwgh the pari.
— Outputs must not be pulled above V...

9.2.3 Application Curve

— I, A0pF/SpF
"h = , 15aF
12 f—
\
1a 'l'"
= \\
=
3 ® \‘\
F
A
] H
\ -H'""—-.-._______
.‘.- [ — ]
-\_|_\_\_\_ —
==
|
2
15 2 2.5 3 3.5 q 45 5
Wi |

Figure 7. Enable Time vs V.
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SN5474, SN54LS74A, SN54574
SN7474. SNTALS74A, SNT4AST4
DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR

SDLE11% - DECEMEER 10983 - REVISED MARCH 1088

= Package Options Include Plastic "Small SNG4T4 . . . J PACKAGE
Outline’* Packages, Caramic Chip Carriers WMF“;;‘?:;:”‘&-P-:“U:;: PACKAGE
Sod Fiwt Packgus, s Filtic dnd Commic SNIALS74A, SNTAST4 . . . D OR N PACKAGE
iPa [TOP VIEW)
. :ﬂpﬂn‘-‘il::h Texas Inatrumants Cuakity and Ry Unahvee
1oLz 131 2CR
description ! Eﬁ . 12H20
1FREs  n2eLK
These devices contsin two indepandent Detype wals  wo[]2FRE
positive-adge-triggerad flip-flaps, A low level &t the 1206 s[J2a
presst or cloar inpuls sets or resets the oultpuls GNDT] 7 g[12d
regardless of the lewvels of the othar inputs, Whan grecat
and clear are inactive [high!, data a1 the O input masting SN5ATS . . . W PACKAGE
the setup time regquirements ara transfarred 10 the [TOP VIEW]

outparts on the positive-going edge of the clock pulse,
Clock triggering ocours at a voltage level and iz not
directly related to the rise time of the clock pulse.
Frllowing the bold tirme interval, daia at the O input may
ba changed without affecting the levals at the cautputs.

The SMN54° family is chamacterized 1or oparetion over the
full mifitany termperaturs ranga of — 55°0 19 1257,
The SN74' family is characterized dor operation from
0°C ta TO9C,

SNS4L5T4A, SNGASTA . . FK PACKAGE

FLENCTION TABLE [TOR VIEW)
WPUTS | ouTteuTs
FRE ELIR CLK D | @ a
L H x " H L
H L x B L H
L L ¥ x| wtowt
H H 1 H|H L
2] H 1 L L H
H H Lox|og Ty
T The quepat leeaia in in contigerstion 178 nat guarankean 4 10 111713
Lo rmeat the piin mom beesls in 1"".7-'“ 1]l Coevi 0f Os et
ncl clum wre s Vil masinum. Furiharmons, this cone oo
Hgurangn i noneisie, Ut i$, 70wl A1 pessie when —E NN

a

minhor preeer or clear rafurme 1a it inoeTiva Dight lewel

WG - Ma ralernal connection

fogic symbol¥
% logic diagram |positiva logic)

1ere 2 = 51 e —
1cuk ey o (14 I
1o 2t Bl 45
1tih Bl
zrre 0 TR L
2cLx LU
{12k AL
ICLA (1B Pt I
CLK
tThis gwmbal (5 40 sccordsnes with ANSIVIEEE Sed B1-1984 |
and IEC Pubiicaticn 817-12. |
Pin nuenbiera ahavwen ore for O, L KL and Wooackages. o
“_“Iﬂ.l imlosiion @ comenl = dr [~ 8 ':-:iﬂf"illhtﬁ 1282, Tewas Instnamants Incarporabad
g 8 o TEXAS
INSTRUMENTS
POET OFFICE B0k 656305 ® DALLAS TEXAS T5245 1
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schematics of inputs and outputs

T4
ECQUIVALENT OF EACH [NPUT TY¥FICAL OF ALL OUTPUTS
Voo o e Ve
A
" 130 1 NOM
INPUT - ——
QUTRUOT
||L A Hl‘lﬂ, WM
18mA 4 ki
—3.2 A 2 kil
"534

EQUIVALENT OF EACH INPUT

Yee e

NPT o T

|LMAX  Fiaq NOM

=T ma 28k
— mA 14 kD
- mA =S iR

TYPICAL OF ALL QU TPUTS

Yoo

G 61 NOM

‘li‘ TEXAS

INSTRUMENTS

PFOST OFFICE B0X &55300 W DALl 4B, TEXAS 1555
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SN5474, SN54LST4A, SN54574
SN7474. SN74LS74A, SN74574
DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FI.;EFsﬁ'ﬁ;I;EIMEPE E?lf'!ﬂgl!r?”ﬁm
schematic
Ls744

i Ve

P
]
O ey 51 kil !l a
%a&m 1748
*
a4 FRE
. L
V %:a )
CLK 4o
o
l
l__ e Rt —i S S — e T r--—n— GND
absoluta maximum ratings over oparating fraa-gir tamparatura range [unless otherwise noted)
Supply voliage, Voo leee Bote 1) ool o il il e e L i e T
Input voltage: 74, 574 e e -N-R")
A I s e S i e s T
Operating frea-air tamparanme ranga: SNS4" ... .. ... ... .............. =5855°C w0 125%C
-1 P R e TR SRS B PR cieaen e 3% e 70°C
Storapge DermperEiira FAMGE . - - .. ..oaan s e e e e e mm e e g e e e e e = BERRE tE TROOL
ROTE 1 Waltogo values ara with respect 1o network graund tesrmsnal.
"%"‘ TEXAS
INSTRUMENTS
FOET OFFICE BOX BS530% ® DALLAS. TEARE T5286 3
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SN5474, SNS4LST4A, SN54574
SNT7474. SNTALSTAA, SNT45T4
DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR

SOLE110 -~ DECEREER 1060 - REVISED MARCH vl

recommendsd operating conditions

i ——

shsa74 e[
MIM SHOM MAX | MIN NOM Hﬁ
Voo Swwly vl L] 5 55 JATH § 535 W
WiH Highleesd input winge 1 i ¥
Wi Lowwdmiel ingst v blage ad a8 W
Iy Highlewel outpst curmer - 0.4 — A LY
Iy Lows-devel sutput gurmni 16 16 | mA
R Y »
by Pulwe daiition CLE low a7 1 L
o CLA law 1] 30
[ 1y, It stap vime betone CLKS = ) il
fy  bput hiskd vieradats bes CLE T fi 5 i
| T Opsrativg frase-air evmoem ure - [ 138 Q T C

electrical characteristics over recommanded operating free-air temperature range {unless othérwise noted)

HHEAT SNTATA
RAMET CONDI t T
A - il - i el aAx [an Tved Ak | ]
Vi Vg = MiN, Ip==12mh -15 T
Vot Yoo= MIN, V=2 ¥, Wi = BEY, 24 24 24 34 o
g = —GAmA . B
Ve, Yo MIN, V=2 Y, ML= DB, P i a3 oA v
igy = W mA
b Vipp = MAN, V=G Y 1 1 M
I [ a0
E=". 120 g | A
e Ve = MAK, V=24V = =
Al Oxhar B
(D ) 14 16
el —  —is i8]
L —m—l— Vo = Max, V= Eay T3 T3 ]
CLE el ~%3 -33
g1 Ve = MAR — =47 [ =18 -&F | maA
i d Vi = MK, e Pécita 2 1 (1] 17 [ T3 15 [ ma

TFar pordfions shown as Mil e BAN, ue i sopconisie walus Lmcilad wWidai [EC0rImErSsd mesing condion:
Lidil pypienl waeluin me 0 Vg = BV, Ty = 355
Viasr s vesiad wimh pradsi Figh and preast & tosled veih des Figh
Thiatl rremi thaet (e oot Shoidd be shown /Y @ Lims,

ll.ulrm par Bipp dlap o )
WOTE 3 ‘With &8 ouvtgnis oper U5p & maaersd with e O g 0 ovipies bigh = Tus &1 rhe 1 ol reeveremdal, The ciock inpud m

prpeiipal o]
switching charsteristics, Voo =5V, TA = 26°C (see note 3)
FHOM T %
TEST CONCETIONS MEN T¥RE RLAK | LN
PARAMENER | awmm) JoUTPUTI
" ! | T 1 MM
L FlaTh | ced | - Bl
Pl A = 800 &, g = 18aF | 0 | ™
14 Fis #Th
i CLE Qe =" - =
ML

HOTE 3! Lasd choaty snd votege sl sie dhiwn 0 Sectin 1

¥ Texas

INSTRUMENTS

PUEST DFFICE B0 S50 ™ DRLLAR, TENAS TR
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recommendad operating conditions

SN5474, SN54LST4A, SN54574
SN7474. SNTALSTAA, SNTAST4
DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR

SOLG116 - DECEMBER 188) - REVISEL MARLCH 1050

ShisAL ST AR EMTALETAA T
AN MalE  MAN | BMIN DM AN
[ Vg Supply vonege 4% 5 E5|476 & BM | ¥
| Vin High-lmsnl inpus valimgs F 2 ]
| Vjg  Lowiers mput volug (%] oA | v
1) Mg Imvel DsInpT CuTrAng =04 —04 | ma&
Im  Lirw-beesl muaigal curiant 4 a il
ligck  Chach Vregpesncy =] il a 75 | M
— ELE ) =
b Wals shiniion PRE a1 E:H ey ) ] "
Tyu Senug mme-beions CLE Y T::I: :_: : $ L
By Mioid i dduta s CLE § 5 g
Ta Dipsermting v il TESpaalEe ] L] L] ) g

glactrical characteristics over recommanded operating free-air tamperaturs range [unless otherwiss noted)
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SN5474, SN54LST4A, SN54574
SN7474. SNTALST4A, SN74574
DUAL D-TYPE FﬂEI'IWE-E[IGE—TEIEEEHEIJ FLIP-FLOPS WITH PRESET AND CLEAR

SOLEIY = DECEMBER 108 - REVESED MARTH
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ANTQNIOZ MIX MAPATKOYAAKHZ

[evIKd \VwpiCoupe OTI o1 PavOOAWTEC EiVal KUKAGHOTA TTIOU YPNCIHOTIOIOUVTOI GQV OTOIKEID pviHng , OTav
Ol aTQITAGEIC Vot HElpEvo UAIKO emBaAovrar, n Aeioupyia Toug yivetal o piag Xpévo (mmepiodo). Opwg
Oev umopolv va XpnaipomomBoly og KukAwWaTa e avadpaan , GIOTI UTTApYeEl Xpovik aaTaBela oTav
KaTd v Oidpkelo mapapovng Tou maApou poAoyiou aTo 1, n eicodoc aANGEE! ECaiTiag e eappoyc T
TpEYOUaaC £6000U ToU PavdaAw aTo KUKAwja avadpaang Tou mael amy £igodo Tou. AUan aTo TTpo-
BAnHar pEpel n prin Ouo (2) Opolwv Kal aUyxpovwy paviaAwTwy o€ aelpd , otou 1) £¢odol Tou TpWToU
0dnyouv Ti¢ £10000UG Tou DeUTEpOU. ZUyXpoviZovTal ol BUO JavOTAWTEC e POAGYIO [iE AVATTPOPEC
(paaeIg, £T01 wWoTe va amoBnkeUeTal ) vea mAnpogopia e diadoyikd Tpdmo . Aeyovtal Flip Flop (master -

slave).

Clk

Clk

1 Trr

}
}

=

=

!

(@)
J I_D Q
K j i Q |
— m
>
(i)

Qs

(o) Yhromoinon Pooiouévn o mokeg NAND kat (B) vhomoinon Paciopévn o mokec
NOR 1ov JK MS FF.
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Edw mépa mapouaidlovral ol uhotroinael¢ Twv D kal T MS FF He TTUAeC NAND povo (pe ecaipean
TOUG QVTIOTPOQEIC TWY anUATWY Ol 0TToi01 TTopouv miong va avTikatagTaouv ammo NAND TTUAeC

D) St

>

]O_

Ck

1)

%

}_

Clk

}
},

Qm

33_,,__ Qs

Qs
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ANTQNIOZ MIX MAPATKOYAAKHZ

Clk b

Master-slave D flip-flop
J
K —
—
(b) Giraphic symbol
L%
T J e r D —_—T I
—I> Clk :
sl —f L L
{n) From JK flip-flop (b) From O flip-flop (¢} Graphic symbol

T flip-flop
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ANTQNIOZ MIX MAPATKOYAAKHZ

2YTXPONA AKOAQOYOIAKA KYKAQOMATA

H diadikaoia TnG avaAuong evog ZUyXPOVou aKOAOUBIOKOU KUKAWMPATOG
yiveTal o€ Tpia Bripata, TTPWTOV va €XOUME TIC ouvapTAOEIS €l00dou Twv Flip
Flop YETA KATAOTPWVOUUE TOV TTIVAKQO KATAOTACEWV KOl PMETA OXEOIAlOUUE TO
OIAYPANPA KATAOTACEWYV. [0 va KATTOI0 OUYyXPOVO aKOAOUBIOKO KUKAwua Ba
mpéTrel kar ta duo (2) Flip Flop va TtpogodoTtouvrialr pe TOUG idIOUG
WPOAOYIOKOUG TTAAPOUG

: j}_l\;—/}“ -y

> Clk

R A'

| > Clk

Example of sequential circuit

[PA@OUE TIG AOYIKEG OUVAPTNOEIG TWV E1I000WV Twv FFs
DA=A*x+B*x, DB= A *x, y=(B+A)*X

METG KATAOTPWVOUUE TOV TTIVOKO KOTAOTACEWYV TTOU TTEPIEXEI TV TTApPoUCA Kal
TNV ETTOUEVN KATACTOOT TOU aKOAOUBIOKOU KUKAWMATOS .Apa yvwpilovTag Thv
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ANTQNIOZ MIX MAPATKOYAAKHZ

KATAOTAON TOU KUKAWWMOATOG TNV TTAPOUCA XPOVIKH OTIYMA META TTAUE OTnNV
ETTOMEVN KATAOTOON OTNV ETTOUEVN XPOVIKN OTIYUA.

Table

State Table for the Circuit

Present Next
State Input State Output
A B X A B y
0 0 0 () 0 ()
0 0 | 0 | 0
g 1 0 () ] |
g 1 1 | | ()
1 0 () 0 0] 1
] 0 | I 0 0
I | 0 0 0 |
| | | ] 0 ()

NAPOYZA KATAZTAZH (PRESENT STATE) = KATATPA®ONTAI OAQOI Ol
AYNATOI ZYNAYAZMOI.

EIZOAOI (INPUTS) = INMPOKYTITOYN AlNO TIZ 2YNAPTHZEIZ EIZOAQY KAl
TIZ TIMEZ THX NMAPOYZAZ KATAZTAZHX.

EMNOMENH KATAZTAZH (NEXT STATE) = NMPOKYTITOYN AlNO TIx TIMEX
TON EIZOAQON (x) KAl Tz TIMEZ THX MNAPOYZAX KATAZTAZHZ
KAGENOZX FF.
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AEYTEPOZ TPOITOZ I'A TON MNINAKA KATAZTAZEQN

Table .
Second Form of the State Table
Next State Output
Present
State x=0 x=1 x=0 x=1
A B A B A B y 4
) (0 0 0O 0 1| 0 0
0 | 0 0 I q | 0
| (0 0 0O I © | ()
| | 0 0O i 0 | (0

Metd oxedidfoupe 10 didypappa Kataotdoewyv. OuoIooTIKA €ival n ypagikn
aTTeIKOVION TOU TTivaKa KataoTdoewyv. KABe katdotaon atreikovi(eTal e KUKAO
Kal K&Be petapaon pe BEAOG.

00| ¢ 0/1 ¢ o
| N

10 10/1 N\ 071 1/0
| \\\

1= 1/0 >,
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AcuUyxpovog Auadikog NETPNTAG 4 bits

Asychronous binary counter 4 bits

digit2

T
O O

dreg52
RST Q

nQ

nQ

Chrono  View All  Options

LD ¢ 0 >

« > |IIIIIIII||H|I|IIII|IIIII|III||HI|IIII|III|IIIII|I|IIII|II|II|IIII|I|IllflIIII|IIIIHIII|

in2

2

in3

iné

ins

ing

digi2]0..3)

digit3{0..3]

digi4[0.3]

digits{0..3)




ANTQNIOZ MIX MAPATKOYAAKH2

AcuUyxpovog duadikdg atraplOunTis 4 bits

Eiooda,
pOAOYIOU o
w Ty
> K
v
NMaipog poloyrodn

APXIKI KOTGOTOOT)
1

h & WK

10
11

12
13
14
15
16

()1

=R =RE=R0=00=N1=Rl=Ry=

D = o | o e e ==

Q3

- - = =S00I00

S CC C

D = = = -

3

"ELobom flip-flops

Q2
0

Q4

Q1

()

0

0

()

0

0
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2uyxpovog Metpnti¢ (ATTapiOuNnTAG)

O MeTpnTAg auTtdg XpnoidoTrolei évav abpoloTh kal évav kartaxwpent D yia
KGBe karaoTtaon Kal KAvel TTavw - KATw PETpnua . H atrapiBunon augdvel Tnv
€€000 OTavV TO TTAVW - KATW PETPNUA gival 0. AlIa@opPETIKA N €000G PEIWVETA.

Synchronous counter IJA fadd H{.‘arr:.'
T i S 0| gy K
L Ruorpd AL
: 1 4 (Unsigned)
I L L dhp!

'
e e

ikl

Resel

UpDawn

dighif0. 3]
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To Bacikd OToIXEIO YIa TOUG TUYXPOVOUG ATTaPIBUNTES €ival auTO TTOU QAiVETA
TTapakaTw. Ovouddetal T latch kal €xel duo TPOTTOUG va Kavel reset Tnv €000
Q. To ouyxpovo reset TTou gival evepyd 0TNV APVNTIKA AKUA TOU POAOYIOU, EVW
TO aouyyxpovo reset Byadlel 0 oto Q avegapTnTa ATTO TOV TTAAUO TOU POAOYIOU.
To ouyxpovo reset xpnoiyoTtrolgiTal TTAPa TTOAU , eV TO aOUyXpovo reset
dlaTnpeital/kpaTteital yia va apylkotroinoel 6Ao 10 UAIKO (hardware) / diatagn
KAl VO CEKIVIOEI e pIa TTpokaBopiouévn KatdoTtaon. EOw xpnoiyotroiiTal pia
XOR T11UAN oav nuiaBpoloTAg , TTUAN AND yia To KpaToUpEVO TOU NUIaBpoIoTr]
kataxwpent¢ Tuttou D Flip Flop . ClkBascT.

Synchronous Reset
\ ™
[ / ClieCut
S
| \'. \\. __"‘-\..H
0—// Y _F
T & .l"'__'_'__,.-" .'.l : Ijl':'ﬂ ﬂ[}
.,—'—"'"; E

(]

?'\ST_é_ Q 0
~aliear

H
Resat ]\

Clock /

Asynchronous
Reset

[

L]

T+eset fip flop
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TR
5
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ANTQNIOZ MIX MAPATKOYAAKHZ

AANNO KUKAWPO oUyXpovou PETPNTA Eival auTO TTOPOKATW

Xpnoiyotroiei 4 Flip Flop €101 ouvdedepéva £T01 WOTE VA EXOUPE Evav
ouyxpovo MeTPNTA TTou Ba peTpdel péxpl To 15 (. MNa va yivetal reset oToug
Kataxwpentég otav mTapapével o apiBudg 9 xpnoiuotroiouue TTUAEG NAND T1TOU
ouvOEovTal 0TO OUYXPoVvo clear Twv latches. To KUKAwUa Eekivael TO pETPNUA
oTav 10 enable gival high (active) kal To acuyxpovo reset €ivai inactive. Etriong
TO guyxpovo clear gival high. Tote T0 KUKAwpa peTpasl atro 10 0 £wg 10 9 KaI
MeTa reset. Clkdiv_10

CI:Eiac-:T CllcBascT ChascT Cle3azcT

i}_ i & ; [ 4 . il |;. LR -
Enabés T 2 T a: Q ¥
e ¥ L= e s ! i M L -
: Resal CleDagt Haset ChiOn Feset CleOat Rasst Clelut
: ~5Clzar i [FSCkear -Sllewr
] o g ]
R LXE L STPPRE B e {lack
......... e L T
i j —-
P

e AU U U
Enab 1 = = i :

Reset ; : m : |

~Lieat 1 .

sodid o Yoolw|w[owlo]o]e]e]o]o]e foo TorToe] o] o o5 s o] I:B:lf.:-ﬂ:l i)
- : T
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AANOG MeTpnTAg

Autog petrpdel ammo 10 0 éwg 10 5 (Clkdiv_6). Exer 3 Flip Flops
OUVOUAOOUE TOUG DUO AUTOUG ATTAPIBUNTEC PTIAXVOUE €vav aTTapiOunTr) TTou
Ba petpdel Ta AeTrtd atmo 0 - 59

Clock

Enable
Reset
~Clear
Sups[0.3]

Sups

ﬂi&jl ClkBascl ClBasd!

T a[ 7| aiT Q
E.:-EHHN "':I'uu'..;-ul kA Raset _*IE'II;.LJJ
T-Hmnl .-!i-.':l-at .-f‘;-:':lm

R e— : r : pm—

0! ! : : : : : :
E ]uﬁluzlos){éﬂus}(uoamluzxﬁslue}(ualuulm ){ﬁz]
x| [F i ’_ """""" T =i
T e e bl il

Av
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ATTapIBunTrG TToU JETPAEI T AETTTA

[ erort |
ccoll [ T TN |
e . |
Rt S0 Cewr [ Suptd
iEm;.; Enatle Supd! | Reset Sups |
Sup® i ! Enable | Sups0
f (s sups
| e i =
: Clock ! ' ‘Clack

ATTapIBunTG TToU PETPAEI TRV WPA

Hw Hid';-l-:
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MAQPEC KUKAWMO 24 wpou atrapifuntn

/_"B TT L T1

T
ClkDiv 60 Hour?| | Hourd Mink
— i
=Clear | Min93
Bfﬁﬂna iJRHFI Filmi Ming2
Enable | Min31
Mingd
Min52
in&1
Min50 ClkDw 24
Equé
wi) Rlﬂ'iﬁ Hourd3
Enable | Hourd2
it
Hourd1
Hourd0
Hourd1
Li Guartz Hour20
[ Eq2d
Clack

i N
Ll N
T 7 T 7

Display hours Display minuts
g

Aours

Divide by 60

A

Clock

minutes
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Clock24H00

H =
H
: H
i I
H
I |
H
i .
s M
H H
H H
" H
: :
H b
M I
H H
: :
H
H
H M
H H
H
H !
H H
H i
H H
H H
| i
.
-| H
H H
H H -H
H
H H
H H L
H H

N | L
H

o
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0
oart LT LU A PLPLPL T UL TR PL I L TPl
R 5 J :
.
o
Heure 11,
11:06 0000
Heure 12,
i T
Heure13.5
13'% T
Heuretd, »
im 000
Heure 1,:
- 000
Heured?,;
i o
Wt L2
20 0
W L;
o 000
W L3 | -
30 o]
W2 |5 |
20 o
W3 Ls; =
<00 o
W 13z
20 o
it (53
S 7 /2 /T S S A e i s Y
i 1,48/
wii k900
W3 L
7 T
LURPES ‘
W L
20 0o
W L
p o
W4g A & uw e —
o b i
w0 (54
e T
WI2 (5e
e 000
we 00

00 20 40 60 80 100 120 140 160 180 Tin0000
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4 bit duadikdg aTTapIBUNTAG PITTAG
Me T flip - flop kai pe D flip - flop

Count ——

E—_—

-

—g>c

o

Reset

Logic |

Binary Count Sequence

Az Az Ay Ao
0 0 ] 0
i ] 4] |
0 0 1 0
0 0O 1 1
0 | 0 0
0 1 0 1
0O 1 1 0
0 1 1 1
1 (4] 0 0

Ay

Ay

Ay

Ay
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2 Uyxpovog Auadikog MeTpnTng

-"'.l'l"f:‘ ”Iffl- .i"T

Jﬁjfﬁjfﬁfl /‘ l'.l’f-‘*
r '.r \ ‘{; # ‘,d’; rr,:,

Clock

AIQypapua KATOOTACEWV
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Mivakag aAnBeiag
Present State Next State Flip-Flop Inputs
Ay Ay Ag A A A Taz Tar Tae
0 0 0 0 0 1 0 0 I
0 0 | 0 | 0 0 | |
0 I 0 0 1 ] 0 0 |
0 | | | 0 0 1 ] 1
1 0 0 I 0 ] 0 0 ]
| 0 1 | l 0 0 ] ]
1 | 0 I I ] 0 0 ]
] 1 1 (0 0 0 1 ] ]
XAapTeG

LY m, My ™ LY i |™
0 ) 0 i 0
", m, ;r ]y ", o
At i Al / Myl
difirl iHHIA
e — —_—
Aq Ay
Ta= A, Tu=A
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AANOG oUyXpovOog duadIKOG METPNTAG

D C B A
[ ]

— Xpovoc KaBueTipnons sadocns

7 8 9 10 11 12 13 14 15

x| LML LN L

Xpovoc (t)
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4 bit binary counter

Count enable

> O

s

> €

> C

CLK

Ay

Ay

D S
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2 Uyxpovog duadikég atrapiOunTic 4 BITS

it
: o

N

K

maApol pohoyiou

Poddi

 amk Fra e

P

1

KPATOYMENO
(CARRY)

Q1

02

03

(A
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2 Uyxpovog duadikdG atraplOunTAG 4 bits e TTPog Ta KATW atrapidunon

T'ﬁ o= 1
1 e 9N P Q0 l._Illul‘]"] P a9
= R ‘P o a (P (CARRY)
A 0} A ()= I i 1} =
-
N . . . .
Q, Q, Q, Q,
NaApos poloyron Qs Q3 Q2 M
APNIKE] KOOTCIO T oo 1 1 1 1
B e T 1 1 1 )
2 1 1 0 1
3 1 1 0 0
el L 1 (4] 1 1
> 1 0 1 0
L& 1 0O O 1
7 1 O O 0
8 0 1 1 1
5 (8] 1 1 0
10 0 1 8] ] 1
11 O 1 (0 ] O
p; 12 o 0 1 1
13 o (4} 1 (8]
14 0 O O B 1
15 (4] (4] (4] 4]
16 1 1 [ 1 1
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BCD MetpnTAg

MeTpd o010 dUadIKG cuoTnua o€ 8421 — BCD kwdika atd 0 — 9 kai yupilel 010
0. Xpelalouaote 4 flip — flops piag kal o1 KaraoTaoelg Tou Ba peTpd civan 10.
MeTd o1 GAeg 6 pag cival adiagopes. ETtriong etmeldf 10 KUKAWUQ €XEl Kal
adIA@POPEG KATAOTAOEIG va NV KOAANGEl 0€ autég OANG va ouveyilel OTIG
ETTITPETTOMEVEG OTTOU KAl Ba peTaBaivel Xwpig va TTEQTEI OTIG AdIAPOPES
KATOOTAOEIG.

AlIQypaupa KATAaoTACEWV

(O OO Oa®
/
/
I
|'
| e
I
\

\

pOA

oo

Me OIOKEKOUMPEVEG YPAUMEG €ival Ol adIAPOPESG KATAOTACEIG
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10

Next State Flip-flops

Present State

aRk
6 (e L)) o

oL

Te=AD

pin

T; = €D

10
o

11
it

o1
o

01

11

10

10

o1

AD + BCD

Ta

x|x
1_xe

x[x

Q

oo

01

11
10

1
1

i

1

1
1

0
1

1
0

1

L

il

0|0

00O

0|0]0

00

01010

: |

01010

1

D+

1

1

1]

1

1

ct

0

110j0]|0

1

0j0j]o0

1{0j0]|O0

1

B*

1

1
1

0|l0]0
0|0

At

1
4

XX [X]|XEX]|X]|X[X

XXX XEX[X]|X]X

0go|o
110

010

1

ORX | X[X|XIX[X[X]X

1

O X | X[X]|XIX[X[X]X

1

OX | XX XEX|X[X]|X
IPX X[ X[ XEX[X]X]|X

0j0fjo0(O0

1
1

1

1

1

0
0
1
1

0
0

<[

0(0]|O0

o(o|j1j0|0f(0O|0O

0

0

1
1
1

0|0

ojojof1g0fo
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2 UyXPOVOoG OEKADIKOG aTTapIBUNTNG

Metpdelammo 0 - 15

Synchronous counter

D | nQ
dreg
RST Q
H {Unsigned)

digit2

]

dreg

[
I
ol 3

RST

dreg

RST

=
L

dreg

=
|
ol B

RST

D} Reset H
@ clk1
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* Microwind 2 - example
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dregﬂj_digilZZ

i

1 i i
! : : ! 117

d | : : 5
\: : : : PrT
Reset | j
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:.1 20.
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dreg16_digit2t ;
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T : : ' 00
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Lo : ; i
‘ 5 ! 0,00

Time(ns)
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BCD RIpple Counter

Couwnt —> C

ol

> C

Logic 1

O Qi Q: O O O O O
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A T, oy
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TQ;=I
T{?!':Q' |

= 0,0,

Tos
Tos

OOy + 0,00,

¥ = QsQ

Flip-Flop Inputs
TQy TQy TQ;

Next State Output
Qs Q Q Q@ Qs Q Q Q

State

TQy

Y
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4 bit up - down counter
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2Uyxpovog Augidpopog atrapiBunTig 4 bits

Q
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COUNT P . .
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UP/DOWN COUNTER

Synchronous counter

D UpDown

A fadd _Carr},r
B Sum D nQ %
dreg
c RST ] Q Q3
‘ H {Unsigned)

L J digit2
A fadd Carry
B Sum D I nQ %

dreg
c RST Q- Q2

' H

A fadd _Carr}.r
B Sum D I na

dreg %
€ RST Q Q1

' H

A fadd | Cary
B Sum D T nQ

dreg %
C RST Q Qo

==

IE clk1
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4 bit counter pe TTapdAANAN eépTWON
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[Mvakag AeIToupylag

Clear CLE Load Count Function

X X X Clear 1 0
| I | Load inpasts

{i 1] M chansge

AtrapiBuntéc MODULO N

MExpl OTIYUNG OI aTTAPIBUNTEG TTOU £XOUUE TTAPOUCIACElI ATTAPIOPOUV PEXPI
évav apIiBuo TTAAPWY Kal YETA TO TTEPIEXOMEVO TOUG undevileTal ) 1I00dUVauA
apxiouv 1o pETpnUa artro Tnv apxn. Or ammapi®unTtéc modulo N atrapiBuolv N
TTaApoUg (n akoAouBia pétpnong eival atmo 0 péxpr kar N - 1). O duadikog
atrapIiOuNTAG 4 bits atrapiBuei 16 TTaApoug (dpa Aoitmov N akoAouBia pETpnong
gival atro 0 péxpr kal 15 ) yiautd kar ovopadletal amapiOuntg modulo 16. O
BCD amapifuntég amapiBuouv 10 maApoug (apa n akoAouBia pEtpnong civai
atro 0 péxpr kal 9) yiauto kal ovopalovtal atrapiBuntég modulo 10.

AAAayr} Tou modulo gvéog duadikou atrapiBunTr ,JE TTPOC Ta TTAVW atrapidunon,
armmo 8 o€ 5
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Na tnv petarpoty) amo modulo 8 oe 5 kdvoupe Ta €EAG, KATAPXAS O
atmrapiOunTAc modulo 8 exel 3 flip - flops pe acuyxpoveg €l06d0U PNdEVICUOU
(clear) 10U evepyotrolouvtal pe 0. Av ol €106do1  pndeviopou  €ival
QTTEVEPYOTTOINUEVEG TOTE N akoAouBia pétpnong ival atro 0 €wg kal 7. MNa va
aAAGEoupe 10 modulo Tou ammapiBunTh) amo 8 ot 5 PBPAXUKUKAWVOUME TIG
aoUyXpoveg €10000ug Pundeviopou Twv flip - flops kai TIg 0dnyouue PEow PIOG
TTUANG NAND pe €106d0oug 1i¢ Q3 Q2° Q1. MOAIG 0 aTrapIBuUNTAG TACEl OTNV
katraotaon Q3 Q2 Q1 = 101 (dnAadr 5 oT1o dekadikd auoTnua), ToTe Q3 Q2’
Q1 = 111 omdre n €€odog ™G TUANG NAND c€ivalr 0 pe atrotéAeopa va
EVEPYOTTOIEITAI N €i0000C PNOEVIOUOU Kal O atraplOunTAG va pndevietal. Me
QuTRV TNV ouvdeon , MOAIG £€pBel 0 50¢ TTaAUOG 0 atmmapIBunTAG Ba TTapEl TV
karaotaon 101 1Tou peta avri va augnoel To trepiexouevo Tou yivetal 000. Apa
AoItrov petpacl atro 0 péxpr kal 4, apa Asitoupyei oav atmapiBuntig modulo 5.

Input Te
Te

<
—1
o—1
O
o—o-
B

!

Reset Clock
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x ||A | B € |A B | N
oJofo]o]o]o o | o |1
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o1 1]o] x|x X [ x
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1 l1lo]ofo] 1 1 [T 1
11 o] 2] x| x - |
1112 ] o] x| x X | x | x
1 | 1 [T x [ -

o 0| o |[T) o
ull(1 | x [[x]] x)

A x x| x)
MJjjojo]o
T,=x+x'BC+xB'C’

Tg=xA+x'C+xBC’

00 |6 I NI
ol o [[x | x| x|

Al |
o[ [J:]

Tc=xXA+xA+B+C
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KEQAAAIO 10

CMOS MavdaAwréc kai Flip - Flops

O1 master - slave avOaAwTEC EXOUV Kal QUTOI Evav TIEPIOPITHO , OI E10GD0I TOUC €ival ekTeBEI-
HEvee OTav Exoupe aAAayEC AoYIKIC aTABYNG Yia 6aN Wpa TO POAGI TTAPAEVEI OE EVEPYO KATAATO-
an, yia mapddelypa ( T.x. Tapagovr ato 1) . To omoio pmopei va dnpioupyrael auverkec ampo-
odiopiatiag, oTav yia Tapadelyua kamoia £ioodo¢ UTToaTE jiia aTIVpidia PeTaBoAr Adyw BopuBou
(€iTe auyunr eite PUBION pikpAc OIAPKEIAC ) TNV TIPA TIA ™G Aiyo TpIv aAAGEE! N kaTdaTaon Tou
poAoyioU. Auth n oTiypiaia petaBoAr 6a "ouAAn@Bei” ato Tov pavOaAwr agévn (master) kai Ba
TIael aTov PavoaAwrr okAdBo (slave) mv emopevn numepiodo , TPOKAAWVTAC TV amoBrikeuan
kai perddoan e AdBog mAnpogopiag ammo To flip - flop .

Auan ato ipoPAnua Epyetal va dwaoouv Ta akpotrupodoToujeva flip - flop, Ta omoia amodn-
KeUouv v TTAnpogopia ovo kata v didpkela e HeTddoang Tou poAoyioU Kal oI KaTd Ty
010pKela TN¢ TTapapiovii¢ Tou poAoyioU aTnv evepyr katdaTaon.

ETa1 €youpe BeTikd akpotupodotoupieva flip -flop kai Exoupe kal apvnTikg akpoTupodoToUpiEva
flip - flop.

B e F. =
!

L

— % |Ir - - $:-t!l P
t |

(a) Positive-edge (a) Negative-edge

Graphic symbol for edge-triggered D flip-flop
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>

D-type positive-edge-triggered flip-flop

L~

—
5 Ck [D]Qs
} H 0,1,] | x Qt1
1010
Ck ( _ L
Dinmmcas
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Clock —¢

D
Resel
(a) Circuit diagram
Data n —
R Clk D 3
Clock ——{> Cik Q 'D_
Q' 0 X X|o01
0 ; 0|0 1
0 | 1 D
Reser —T
(b) Giraphic symbaol (b) Function table

D Rip-tiop with asynchronous reset
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Na va PTTOPOUME Vva  ENEYXOUME Ta  TTEPIEXOMEVA TWV  OKOAOUBIOKWYV
KUKAWUATWY , TTPOXWPENOAUE OTAV EVOWMATWON OUO aKOPa acUuyXpovwyv
onuatwv Set kal Reset (11 aAAiwg Clear) 61ToU Kal ovopdadovtal Aueoeg 10000
(Direct Inputs). To ovoua Byaivel atro Tov TPOTTO EVEPYEING TWV ONPATWY OTA
TTEPIEXOMEVA TWV OTOIXEIWV PVAPNG, OTTOU Eival APECOG , AVECAPTNTA ATTO TNV
KATAoTaon Twv oUyXPovwy €1000wV Kal Tou poAoyiou. H evowpdaTwon autwyv
TwV €1I000wV OTO akpotrupodoToupevo D FF odnyei otnv uAotroinon Trou
@aivetal TTapakatw TTou Bacicetal pévo o€ TTUAeG NAND 3 €1060wv.

Set }
Reset } Q Set | Reset | Clk | D | Qy
0 | x |1
Clk K 1 |0 X |0
3 ] 1 Oll X Q’E
b—s Q | 1 t 010
' LT [+ 11
D
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CMOS ouyxpovol HavTaAwTEG Kal akuoTTupodoToupeva FFS

Me TTOAUTTAEKTN

D=0 {i N
= ()
1 o——{> S D b g
D o—1
Clke— i Q
(1)
(@)
Clk | D | Qut Clk | D | Qw1
1 x| Q 0 | x| Q
010 0 110 0
0(1] 1 L {11

NAoyIkO didypaupa, TTivakag aAndeiag pavoaAwTtrh D apvnTIKAG oTAOUNG, AOYIKO
dldypappa , mrivakag aAnBeiag pavoaAwtrh D BeTIKAG 01aBuNg

YAotroinon e AoyIknA TTiTpEWNG TpaviioTop.

my ;

UD—‘ E 0]l
Y
S::-—»—H —
E Y=sI+s],
T
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YAotroinon akyotrupodoTtouuevwy FFS Master Slave pe TTOAUTTAEKTN

D=0 —=Qn DC D“' = Q
DQ % QI‘I’I 1
1 1] s
Qs
Clke=
(o)
0 Qn 3 =Q,

'—'EJ'QM

Clk = i

@eTIKG aviouoa TTapu@r] PoAoyloUu , apvnTIKA KATIoUoOd Trapu®r) poAoyiou
akuotrupodoTouuevou MS FF.

Av xpnoigotroinBouve akpotrupodotoupeva MS FFS pe ouoia otdBun
MavOaAWTWYV Kal yia To master kai yia 10 slave , 101 Kai 01 duo PavOaAwTES Ba
auyxpovifovTal atro poAdyia avaoTpo@Pns eAacng, OTTOU PE XPHON avaoTpoPEa
TToU Ba avaoTpEPEl TO POASI TTPpIV AUTO TTAElI va TPOPOOOTACEl TO HAVOAAWTH
OKAGBo.

T v opbn Aewovpyia Tev axpomvpodotoiusvay FFs, mpatapywknc onuaciog sivor 1)
TPTON TGOV Y¥POVAV TOKOTACTUONS (YpOvog TPV TV TapLET| TOL POAOYION KOTd TV omoid Ta
dsdouéve TpEmaL vo. &yovy otafspononBsl oty sicodo D) kar cuykpdinong (ypdvog ustd v
TOPLT| TOL PoAoylol KaTd TV omoia Ta dsdopEve TPEEL Vo Topupsivovy oTabspd GtV £icodo
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D). Kdbe mopaPlaon evog ek tov ypovav ovtdv, covendyeton amobikevon AovBoopuévav
dedopévav ato FF,

Avo £1diké meptdcel; oxpomvpodotodevav MS FFs sivar to T MS FF kot to D MS FF pe
acbyypova ofjuota Set/Reset, Ta onoio nopovaidovia oo Tyfjue

C!?-QS

Q

Clke=

Resel

Imuo (o) CMOS akpomvpodotovpevo T MS FF, (p) CMOS oxpomopodototpevo D MS FF
lLe dueasg s106o0vg Set ko Reset svepyéc oto 0.
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Kataxwpntég - OMoONTES

O1 kaTaxwpnTtég gival éva auvoAo atro flip - flops TToU ¥poviCovTal aTTo KOIVO
TTAAUO poAoyioU Kal TO KaBéva atro autd utropei va artrobnkevel éva bit
TTAnpogopiag. Apa Aoittév éva cuvoAho atro n flip - flops ptTOpOUV aTTO
atroOnkevoouv n - bits TTAnpogopiagc.

[MEpa atro 1a flip - flops évag kataxwpnTAg £XEl Kal €va oUVOAO aTTo TTUAEG TTOU
oe ouvduacopo pe Ta flip - flops va kdvouv KATTOIEC EpyaTieC TTOU PTTOPEI VA
EXOUv va KAvouv JE Tnv ETTeCepyaoia OedOPEVWY  TTOU  KATaXwpouvTal
(atroBnkevovtal). levika Ta flip - flops atmoBnkevtouv TNV TTANPOPOpPIa Kail Ol
TTUAEG Ba kKaBopioouv TO TTwG auTh N TTANpoopia Ba PeuaPepOEi TTPoG / atro
TOV KATOXWPENTHA.

O1 oNioBNTEG €Ival KAl QuTOi KATaXwPNTEG PMOVO TTOU TO TTEPIEXOMEVO TNG
TTAnpoopiag Tou €xel atrodnkeuBei oe €vav flip - flop peTagépetal oTo
emropevo flip - flop pe TNV eQappoyry Tou €TOPEVOU TTAAUOU poAoyiou oTToTe Ba
éxoupe pia oAicBnon mAnpogopiacg arro flip - flop oe flip - flop.

Ta flip flops TTOU XPNOIKMOTTOIOUV OI KATAXWENTES KAl O OAIOBNTEC €ival TUTTOU
D 1 JK ouvdedeuéva oav TutTou D.

Karaxwpntig

Data nQ
dreg

Reset

Clock
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OReq wih pass ransistrs (Fal edge senstive)

DReg with pass fransistors (Positive Edge senstive)

Data

DuréL@

1

Clock
4
D ; Dia 0
v deg) LR
RSTA— 0
i T
E |
Clock
4
DReq with Reset circut Data Q

~7
¥
e
o
-

T Bthck

Clock

% 3

o C3
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KATAXQPHTHZ

ok

=/ =
R
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200
d
00
0.040
200
h
0.040
200
rst
0.0
200 0.000
‘/’ ,‘__/
»‘ / /
| /
regi_ng [ |
| | / /
| f
0.0 | \ 1§ \ |
0.000
200 |
[ \ i( 2000
regt 1676ps 117ps 176ps k 1676ps 1342ps 677ps
00 20 40 6.0 80 100 120 140 16.0 180 Time(ns)
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Kartaxwpntng 4 bits

Clerek Clear
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L ¥ v ¥

H cicodog¢ poAoyiou cival koivry yia oAa 1a D flip — flops, omréte Ta dedopéva
TTou €ival oTIg €1060oug DO, D1, D2, D3 va petagépovrtal ota 4 flip — flops Tou
4 bit kaTaxwpenTt) TAUTOXPOVA HWE TO APVNTIKO METWTTO TOu poAoyiou. Or 4
£€€6do1 QO0, Q1, Q2, Q3 Twv 4 flip — flop , ouclaoTIKA cival o1 £€¢odol Tou
KUKAWMATOG Tou 4 bit kataxwpnTA, TTOU YTTOPOUMPE va TIG XPNOIUOTTOINOOUE
yia KATtolo AdAAo KUkAwpa. Otav divoupe TTAnpoopia oTnv €icodo Tou
KUKAWMPATOG TOU KaTaXwpeNTR AEPE OTI KAVOUUE QOPTWAN TOU KATaXwpenth.
YTTapxel 010 OXNUa Mo €i0000¢ €AéyXou TTOU CUMPPBOAICETal PE QOPTWON
(kaTtaokeuddetal pe TTUAN AND) kal emITPETTEI OTOUG TTAAUOUG TOU poAoyiou va
mTave ota flip — flops Tou 4 bit kataxwpenth. O1 €i166do1 TNG TTUANG AND €ivai
oTNV MIa €i0000 £XOUUE TOUG TTOAPOUG TOU poAoyiou Kal aTnv GAAN €Xoupue Tov
EAeyXo @opTwong. Twpa €av n €icodog eAéyxou @opTwonG civai 0 , TOTE OTNV
€¢000 TnNG TTUANG AND Oa trapoupe 0, dpa avegaptnta €av  €XOUMPE TTAAUOUG
oTnv €icodo Tou poAoyiou, Ta flip — flops dev Ba dexBouv TTAAPOUSG poAoyiou
OTTOTE Kal Ta dedopéva Tou Kataxwpentr va unv aAAdlouv. Oa TTPETTE yia VA
QOPTWOOUV VvEa dedopéva OTOV KATAXWPENTH N €i00d0¢ eAEyxXou eOpTWONG Va
yivel Aoyiko 1, otrote heTd Ba TTepdoouve ol TTaAuoi poAoyiou ota 4 flip - flops
OTTOU KOl Ba atroBnkeuBouv o1 AOYIKEG KOTAOTATEIS TTOU €ival va PTTOUV OTIG
gl00doug D twv Ttecodpwv 4 bit flip — flop ,ue 10 apvNTIKO PETWTTO TOU
poAoyiou. Eav o1 ei06d01 Twv Tecodpwy flip — flops eivai D3 =1, D2 =0, D1 =
1, DO =1, omodte Kal o1 €€0dol Ba yivouv PeE TO apvnTIKO PETWTTO TOU TTAAUOU
Tou poloyioU w¢ €€Ac: Q3 =1, Q2 =0, Q1 =1, Q0 = 1. Apa Aoirrév Ba
atmmoBnkeuBei n TAnpogopia 1011 oTtov 4 bit kataxwpnTtA.
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Kataxwpntig hue TTapdAAnAn @optwon (PIPO)

Load —— Do—y—{>0
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Cloek
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Pl i pless =t e
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KataxwpnTég JE TTUAEG uETAdOONG

DReg with transmission gates and Reset

D nReset
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Layout D kataxwpnt)y oto Microwind

ATroTeAciTal atro To TURUa master kal amo 1o TUAPA slave ,kabévav armro autd
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KataxwpnTtég oAioBnong

0 e 00
DDataIrB treg g deg| " D) g N B treg| "
RST RSTA— @ ReTa— @ RsTa- Q
lH H H H
%Shiﬂ ' ' |
Reset
03 0 01 00

Daten) rgq| 1] D reg| ™ D] greg| "] D greg| "0
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%Shiﬂ

Reset

03 0 01 00
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jH lH JH I

O
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Reset
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Kartaxwpntg oAicbnong 4 bits (SISO)

2€ KABe TTaAud Tou poAoyiou TO TTEPIEXOPEVO TNG €l00dou KABe flip — flop
eMaviCetal otnv €€0d0 TTOU gival €icodog yia 1o emmouevo flip — flop . ETol
AOITTOV E TOV ETTOUEVO TTOAPO TO TTEPIEXOUEVO TTAEI OTNV ££000 TOU ETTOUEVOU
flip — flop ommdTe TO TTEPIEXOUEVO TOU KATAXWPENTA QaiveTal va €xel OAIOOAOEI
Kata pia B€on .Kai maer Aeyovtag HEXPI va TACEI OTO TEAEUTAIO.

Serial & 0 / 50 Serial
input s output

CLK J

——0) " 00 " O——{D " O——>{D " O—>
> A > Al > A > A
(iR 6 (LR a CLR a (iR 6
Reset
Clock
§ . +
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Kataxwpnthg oAicbnong 4 bits oeipiakng eic6dou TTapaAAnAng e€6dou (SIPO)
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0 4] 1)
v E . v
L] 0 0 0
0 0 0

= 4—

o 4—

= 4+

=0 o

=L o

S 4=

SR T TR
0 0

MnBeviopog Gl Teowv
flip-flop

NMapaAAnies £Eobo

Tog radpog poloyion

206 ralpog podoyion

306 aApos poAoyIOn

dog maApog poloy o

309



ANTQNIOZ MIX MAPATKOYAAKHZ

oou TTapAdAANAng e€ddou (SIPO)

NG €100
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Kataxwpnth¢ oAicbnong 4 bits oceipiak
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Kataxwpnth¢ oAicbnong 4 bits oeipiakng eic6dou TTapdAAnAng e€6dou (SIPO)

AJ A2 A1 Al

DDatalnD ] D nd D na| D 0

7 = ‘H JH ‘H !
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Reset

Chrone Vw1 O
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5o u u u J
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oou TTapAdAANAng e€ddou (SIPO)

NG €100

7

Kataxwpnth¢ oAicbnong 4 bits oceipiak
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Dataln’
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Kataxwpnth¢ oAicBnong 4 bits TTapdAAnAng €106dou ocipiaknig e€6dou (PISO)

|{| |1 |2 |3
- ‘ As

D SET Q D BET O D LET Q D SET Q .-
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CiR 5 CLR 6 LR E GLR 5

Reset l 1 l
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Kartaxwpntg oAioBnong 4 bits PIPO

| |1.l|rl.l'.‘-"~ll."..1'\.‘ & O e

I Toagpma AN AE ¢ & Londsam
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Kartaxwpnt oAioBnong 4 bits (SISO)

= mﬂﬂregmcm o VR shinmg_fnerh‘ﬂ-b
-".L'.'. e i .
Clock —JTED CLK CLK
Shift J
control

(a) Block diagram

Clock JU -U_‘_ﬂ;ﬂ_l—‘f_f_] _ﬂ ‘_L|_\ |_I _

| I |
Shift .

control

- L L]

T| Tl T3 Tq
(b) Timing diagram

Serial transfer from register A to register 8

Mivakag
Timing Pulse  Shift Register A Shift Register 8
Initial valoe T s 6. 0. 1y D
After T, =1 ) =1 ek Eg) il =«
After T S S 1 1 @ B
After Ty B Lol g I I D
Adter T, r % 1 1 8 1 1
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Kataxwpnth¢ oAicbnong 4 bits oeipiakng eic6dou TTapdAAnAng e€6dou (SIPO)
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Kataxwpnt¢ oAicOnong TapdAANANG @opTwong tTapdAAnAng e€6dou (PIPO)

Me xprion TTOAUTTAEKTN ,EXOUuuE 16 OIOQOPETIKEG KATAOTAOEIG (TEOOEPIG YIA
KABe TUTTO ), £XxoUpE Kal 8 €10000UG (XwpPiG To PoAdI). Kabe flip flop ouvdéertal
ME €va TTOAUTTAEKTN OTTOU OI €100001 EAEYXOU ETTIAEYOUV HIO ATTO TIG TECTEPIG

AEITOUpYiIEG.
ly l4 I, Is Shift Left
Slhift ~ &—o
Right —— [ —e—4— | 1 !
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_DSETQl_DSETQl_DSETQl DSEIQ_._
— — —D D>
CLR 6 CLR 5 CLR 6 CLR a
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Reset
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4 bit shift register pe TTOAUTTAEKTN

*i 210

g

o 55
T o
I b l ly
Parallel inputs
(b)

Mvakag Asitoupyiag Tou KaTaxwpentn oAicOnong

Mode Control
5n S Register Operation
0 0 No change
0 1 Shift right
| 0 Shift left
1 1 Parallel load
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KUKAIKOG aTtrapiBunTtig
Me 8 flip — flop

J¢FTQ JRFTQ JSFTQ JCFTQ lj!'!,F'Q J.\‘\:TO JQ:"O JQJ'O
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KUKAIKOG aTtrapiBunTtig
Me 4 flip — flop
[Mivakag aAnBeiag
. S T S ST
CK|Qa|Qe|Qc| Qo
0 1 0 0 0
1 0 1 0
2 0 0 0
3 0 0 0 1
4 1 0 0 0

AlIGypaupa KATaoTACEWV
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NAOYIKO KUKAWHO KUKAIKOU atTapiOunTn
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2 €1PI0KOG ABPOIOTAG

Edw €éxoupe éva ocipiakd abpoioT) , OTTou duo apliBuoi aTTOBNKEUOVTAO
oeIplaka otoug ohioOnTéc SISO kal e Tov TTAAUSO TOU pPoAoyioU TTAVE OTOV
TTAApN abpoiotr (F/A) émmou trpocTiBovTal Ta dUo bit padi pe 10 KpaATOUUEVO
atroé Trponyouuevn GBpoion tou €xel kpatnBei atrd 1o D flip — flop yia €va
TTAANO poAoyiou. To atrotéAeoua Ba trael otov SIPO karaxwpnth , atmd o1rou
Aaupaveral TapAdAAnAa.

P>

SIPO Register

Ss

S: | S

A, A S
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SISO Register FIA
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B3 ca
—— Q D
SISO Register By
*—> F.F 40
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Reset
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:"LIFA-I i

T

v
ra

o,

Serial adder
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Jo = x
Ko = x'y" = (x +y)
S=axdyaQ
State Toble for Serial Adder
Present State  Inputs  Next State  Output  Flip-Flop Inputs
Q x y Q 5 Ja_ Ko
0 0 0 0 0 0 X
0 o 1 0 1 0 X
0 1 0 0 1 0 X
0 1 1 1 0 1 X
1 0 0 0 1 X 1
1 0 1 1 0 X 0
1 1 0 i 0 X 0
1 1 1 | I X 0

Second form of serial adder
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VERILOG/VHDL CODE OF REGISTER (KATAXQPHTH) SISO
4 BIT

entity SREG4 1is

port ( CLK s 48 std logic ;
DIN s 4in  std legic
DOUT : out std logic ) ;
end SREG4 ;

architecture behavioral of SREG4 1is

begin
process (CLK)
variable REG : std logic vector (3 downto O);

begin
if CLK’event and CLK=’'1l’ then
REG := DIN & REG(3 downto 1);
end if;

DOUT <= REG(0);
end process;

end behavioral;
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VERILOG/VHDL CODE OF REGISTER (KATAXQPHTH) PIPO 4 BIT

entity PREGY is
port ( CLK,RESET,LOAD : in

_DIN : An

DOUT

std_logic ;
std_logic_vector (3 downto 0)
out std logic_vector(3 downto 0)

.
’

end PREGY

4

architecture behavioral of PREG¢ 1is

begin
process (CLK,RESET, LOAD)
begin
if RESET='1’ then
DOUT <= ”“0000"” ;
elsif CLK’event and CLK='1l’ then
if roap='1’ then
DOUT <= DIN;
end if;
end if;
end process;

end behavioral;
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VERILOG/VHDL CODE OF ASYNCHRONOUS 4 BIT BINARY COUNTER

MNAKAZ
COUNT

c@3) |c@) |cm) | co)
o | o o] o
o |l o | o 1
o | of| 1] o0
o | o | 1| A
o | 1| o] o
o | 1| o 1
o | 1| 1] o0
o | 1 | 1
1 1o | o] o
1 o | o] 1
1 o]l 1] o
1 o | 1] 1
1 1| o] o
1 1] 0 | 1
1 1 1| o
1 1] 1| 1
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|
entity ACOUNTER4 is

port ( CLK +  in std _logic ;
RESET A : in std logic ;

COUNT :  inout std_logic vector(3 downto 0) ) ;

end ACQUNTER4 ;

architecture pehavioral of ACOUNTERAY4

begin
process (CLK,COUNT,RESET_A)
begin
if RESET A='1’ then
count <= “0000”;
else
if CLK'’event and CLK='1’ then
COUNT (0) <= not COUNT(0) ;
end if;

if COUNT(0)’event and COUNT (0 )=’ 0"

COUNT (1) <= not COUNT (1) ;
end if;

if COUNT(1l)'’event and COUNT (1)="0"

COUNT (2) <= not COUNT (2) ;
end if; '

if COUNT(2)’event and COUNT(2)=* ("

COUNT (3) <= not COUNT (3);
end if;
end if;
end process;

end behavioral;

is

then

then

then
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VERILOG/VHDL CODE OF SYNCHRONOUS 4 BIT BINARY COUNTER
\I/?Vé'g-é COUNT, ENABLE, SYNCHRONOUS LOAD AND ASYNCHRONOUS
T

entity SCOUNTER4 is :
port ( CLK,RESET_A : in std logic ;
CE,LOAD,DIR : 1in std logic ;
DIN . in INTEGER range 0 to 15 7
COUNT : dinout INTEGER range 0 to 15 )} i

end SCOUNTER4 ;

architecture behavioral of SCOUNTER4 is

begin
process (CLK, RESET A, LOAD,CE,. DIR)
begin
if RESET='1’ then

COUNT <= 0 ;
elsif CLK'’event and CLK='1"' then

if LoaD='1’ then
COUNT <= DIN;
else
if CE='1’' then
if DIR='1’ then
COUNT <= COUNT + 1z
else
COUNT <= COUNT - Le
end if;
end if;
end if;
end if;
end process;

end behavioral;
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Kataxwpntg oAicbnong pe 1o oAokANpwpéVo KUKAwHa 74194

fJIJTf'UTE
Ve Q. Qy Q Q, CLOCK st S0
16 15 14 13 12 1 110 9
v
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1 p | 3 4 5 (¥ 7 B
CLEAR  SHIFT A B C 1 SHIFT CGND
RIGHT LEFT
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INPUT INPUT
Inputs Outputs
Clear | Mode | Clock | Serial Parallel QG QG O
51 S0 left Right [A B C D
L % X X oo %X XXX TS Il UeR T
H X X L X X % X X 301G G G 0k
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Mode (Asrrovpyia) 5150 QAln+1) QB(n+1) QC(n+1) QD(n+1)

Hold (Airtripnon) 0 0 QAm  QBm QC) QDN
Shift Right (ONoOnondegd) 0 1 SRS QA QB QC()
Shift Left (ONoBnon aploTepd 1 0 QBIM)  QC) QD) SIS

Load (®épraan) E5iE7 N Y TR D
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DATA SHEETS

DM74LS 193
Synchronous 4-Bit Binary Counters with Dual Clock

I — e — e — —
- 2 T s g, e . S—— g S -
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DM74LS194A
4-Bit Bidirectional Universal Shift Register

Connection Diagram
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DM74L5293
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LHMALIA

ONOMATOAOTIA O.K.

KOAIKOL

The ooy} €4 ppaospaosog

Kavoosnaorpe Evaapem

S (Tiexas Insturnenis)
D8 (Fairchild)

740" C - 70" €y e pmopisd s cpappoyis)
64 (-40° C - 85" C yia feopryonvisds, eqpappoyis)
54 (55" C - 125" €y oTpamia Tisgg, epappoyis)

Toyvoloyio Karaoweong

C ICMOS)

Aprtippong OV o gpiogin vine
LCTERLTITTTTR TR0

5 (Schotthoy)

LS {Low-paower Schottiy)

ALS (Advanced Low-power Schottky)

HC (High-speed CMOS TTL

HTC iHigh-speed CMOS TTL compatible)

00 (4 mikeg NAND 2 paonidboov)
02 (4 modeg NOR 2 Diodbiav]
04 (6 Takeg NOT)

08 (4 mideg AND 2 piodbuov]
32 (4 mideg OR 2 podbow)

B (4 miheg XOR 2 ooy

112 {2 |-K flip-flops)
138 (Amoswbiomoer g 3x8)

148 (Koobmomon g mpoTipmdrnrog Sx3)
151 (MedvmAddsmng B oodbav)

D/DW (SOIC - Small Outline Integrated Circuit)
DB/DL (SS0P)

Fipesusps e warveadnln DG (TSSOP)

TR TIORE LR g FE (LCCC)
NP (PDIP - Plastic Dual In Package)
NS (SO

Mupabrypa DM TSLSO0P

4 OAEG MAND 2 podbay T8 crmpaiog Fairchild
O TOACRTTAR A LI
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ATTOKWOIKOTTOINTEG

Eival éva kKUKAwpa pe n €10000UG Kal m €€600UG, €101 €xoupe m<=2n. lNa
KABe ouvOuaouo Twv N €I000WV , O ATTOKWOIKOTTOINTAG ETTIAEYEI dia aTTO TIC M
€€000UC Kal TTaipvoupe Aoyikd 1, evw ol uttéAoiTTeg TTapauEvouv oe Aoyikd 0.
Eival AoIttév éva KUKAWPA TTOU PJETATPETTE Eva OUADIKO KWOAIKA aTTd TNV HOP®H
o€ GAAN. Evag ammokwdIKoTroINTAG Ba JTTopoUCE va XapaKTNPIoTEi 0 7 segment
omou petatpémel BCD kwdika o€ mAnpo@opia KATGAANAN yia evoeiktn 7
TMNUATWYVY (7 segment).

Mapakdatw BAETTOUPE DIAPOPOUG ATTOKWODIKOTTOINTEG.

2-bit word fine: decoder

AddrEss[U] E

I
EAnnr}ssm rd

W

| w2

—Hv't[1i
:D_%.\un]

3bit word fing decoder

DAddrEss[U] ;

DAddr}ssm DQ

EAddr}ss[z] Dc

;

W

;

WL

;

WL

;

Wy

;

)

;

W

;

W)

;

LR LW e,

W

AddrEss[S} E

& bit decoder

O Andr}ss[a.] Dc

o Aadr}ssm DO

uAddrE:&s[ﬂ} ;

mAddr}ass[ﬂ Dﬁ

LS8

mAddr]ass[z] De

4

s

-—1&

-}

1158

Mot N At PPN IR AR N

— i

!

— &
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2-bit word line decoder

VL[]

4
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el
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E Address[0]

IE Addregs[1]
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LAYOUT
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002

inputo !
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| i i L 0135(v=1 4510)
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{a) Logic diagram {b) Truth table

Two-to-Tour-line decoder with enable input
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. \O
Eﬁuddre sf0] |7
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Bﬁddrefs[z] = 2

WLIT]
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Chone ViewAl- Optons

Ik} il n Ll Hill il Ll il 0

i} il |
1 ey
e e e e eeen o e b eeceeera b eeeeren beeeee e b

Mbsl] 1) : : ! ! ‘

Abesl] 0

T
W
T
W x
T
W
T/

Do+ | )~ Do=xy%

X *— T_} Dy =x'yv'z
o . )y t} D, = x'yz’'

Y AL *—— ._} D, = x'yz
o —= )~ Dy=uxyz

7 —a == =) S B %
| [ ._D— D = xyz'

} D. = xyz
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3-to-8 Binary Decoder

Fo=Xx'y'Z

A
L/
F

NN N N g
oo .ﬂ. S i
ks Eed > > Eed = E3
F . K n oW oW
-— o™ 3] -t W w [
(T T T I TS T T

JDDQDQ

.
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Truth Table
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e i EEECEREEL
Roocoococ~co00
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i =
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mlo~mcoococoo
Emoococoooo _ _ _
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f=a = = = ]

s T e I == T
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DD D D e e
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ATTOKWOIKOTTOINTEG OONYOI
EvOeikTnG 7 TUNUATWY

AuTtoi o1 evOEiKTEG Xpnoigotroinouv 7  TuAPata (segments) yia  va
QVATTOPAOTACOUV TOUG OEKAdIKOUG aplBuoug atro 0 €wg kai 9.

Exoupe €evOeiKTEG TIOU yIO VvO KATAOKEUAOTOUV TA  TUAMATA  TOUG
xpnoiyotroinouvtal diodol ekTTouTGg QwTog (light emitting diodes) LED . Ta
Led douAelouv wg €€NG: OTav To UAIKG TOUG DIappEETal OTTO PEUUA EKTTEUTTETAI
QPWG. AkOpa €xoupe Toug evOEikTEG uypwv KpuoTadAAwv Liquid Crystal Display
LCD trou n Acitoupyia Toug Bacidetal 0To £¢AG YEYOVOS AOyw NG 1010TNTAG TOU
€I0IKOU UypOoU KPUOGTAAAOU O OTTOIOG KATW UTTO TNV £TTiIdPACN EVOAAACOONEVOU
NAEKTPIKOU T1TEdioU va O1adidel DIOPOPETIKA TO QWG. Or1 €VOEIKTEG UYPWV
KPUOTOAWY  AOYyw TNG XOUNAAG KatavaAwong 10XU0G TIoU  €XOUV
XPNOIUOTTOIOUVTAl O QPOPNTEG OUOKEUEG. TlapakAaTtw OTO OXAHA €XOUME £vav
EVOEIKTN UYPWV KPUCTAAAWY ETTTA TUNUATWV.

109 8 7 6

1. &
——— 2. d

| | b, Avodi K 1) Kotk W L
i b 4.t
— . P
B 6. b
| i r 3
8. Avoboc | kabobog

'n.j DP 2.1
. 10, g

O1 dekadikoi apiBuoi oxnuartifovral 6Tav avaBouv KATTOIa ATTo TA THAUATA TOU
evOEIKTN ETTTA TUNUATWY. EOWw Ba TTapoucidcouue Tov TPOTTIO EPPAVIONG TWV
OekadIKwWV Wn@iwv atmo 10 0 Ewg 10 9.

O1 akpodékteg 7,6, 4, 2, 1, 9 kar 10 1TOU AVTIOTOIXOUV OTA ETITA TUAMATA
a,b,c,d,e, f kal g Tou evdeikTn. O1 akpodEKTEG 3 Kal 8 avTIOTOIXOUV OTNV KOIVA
Aavodo 1 KaBodo, TTou ouvdEOVTAl AVTIOTOIXO OTNV TPOPOdOCia rj oTnV yeiwon.
O akpodéKTNG 5 avTioTolxei oTnv uTTodIaoTOAN (D.P. - Decimal Point).
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hlh

e

g

—_—
™

[+ b )
i
el
_:‘J I

g

L

ol
b 1I_|h
Jt
d

TpPOTTOG EPPAVIONG TWV deKAdIKWY Yn@iwv 0-9 aTov evOEIKTN ETTTA TUNUATWY

O amokwdikotroiNtg BCD o0¢ 7 TUAPATA OUCIACTIKA XPNOILOTIOIEITAl VIO TNV
odnynon evOeikTn dEKADIKWY WNPiwyv, YIQUTO Kal AEYETAI ATTOKWOIKOTIOINTAG
odnyoc. AttokwdikotroinTic BCD oe 7 Tunuata gival 1o oAokAnpwpévo 7447
Kal 7448 1O OTT0i0 PaiveTAl OTO TTAPAKATW OXNMA.

u
Al — 1 16—V,
A2 2 15 — §
H—3 48
BIRBO — 4 13— a
RBI —1 5 2D
AS—1 6 11 C
A)——1 7 10 —d

AuTO TO OAOKANpwPEVO 7447 odnyei display koiviig avodou (OAeg ol avddol Twv
0160wV, HE TIC OTTOIEC KATAOKEUACOVTAI TA THAMOTA , €ival OUVOEDENEVES METALU
TOoug Kal TTPETTEl va ouvdeBouv otnv VCC |, evwy o1l KaBodol ouvdEovTal oThv
£€000 TOU OAOKANPWHEVOU KUKAWMOTOG. To OAOKANpwuEVO 7448 OuwG odnyei
display koiviig kaBodou. O Tmivakag aAnBegiag TOU OAOKANPWUEVOU
KUKAWMATOG 7447 @aiveTal TTAPAKATW.
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B €| By A Byethd | eloE |t
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o (o fes Lo el o e R 1o 17y
olol1lofololrTelaolrle
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SRR IR I IR s
gl 3]0l rloltlololalol ol
bt L Lo b U ol on b o | e
i Lot hats bl Bevlse L ie | 1.
tlololololololololo]o
et el ool e tad o
NI A IERET N I T
50 A b b Ueilen T v s s
T T O T R O T
[ila e L oil vl v eidiasius Ire
Fed sl g (0197 20610100
CInsla o b adlemlan sy adin

Av kaTtroia £€£000G TOU OAOKANPWHEVOU KUKAWHATOG (a - g) €ival Aoyikd ‘0’ 1oTe
TO QVTIOTOIXO TUAMO TOU €VOEIKTN OEKADIKWVY Yn@iwv avaBel, evw av gival n
£€€000G TOU OAoKANpwuévou Aoyikd ‘1’ TO avTiOTOIXO TUAMO TOU €VOEIKTN MEVEI
oBnoTo.
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SignBi

(Hexa) {Unsigned| (Int|—— (Fixed)r
dispHexa dispint dispSigned dispFixed
(1)12)]3) 4) 15) (61 7) |(8) | I 21 |1 5161 [ o)

/| = ||l 1

=}
ru (o [ = (71
[ U N U B

kbdd

| = || 1
S U o ) (I = oy |

ru|c | = ("1
| —|CJ ™

Jda449444

Most significant bit fficant bi
ost significan Least significant bit
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2UYKPITAG

2TOV OUYKPITH €XOUHE yia €10000ug duo apiBuouc X N A kai Y 3 B, Kal n
£€€0doc Z N C cival ion pe Aoyiko 1, dtav €xouue TNV €EAG aviooTnTa X>=Y Kal
oTav 1IoXUEl N €EAG aviodTnTa X<=Y 16TE N £€£000¢ €ival Aoyikd 0.

A B AR A<B A=B
0 0 0 0 1
0 1 0 1 0
1 0 1 0 0
1 1 0 0 1

H io6tnta A = B emtuyxaveral ye muAn XNOR ,evw o1 aviodtnteg A>B ,A<B
emTuyxavovtal ye Xprion AND kai NOT tTuAwv.

W ] S
G e !
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Acg uttoB€o0upE OTI BEAOUE VO OUYKPiIVOUUE OUO apIBUoUG , yia TTapAdEIyua:
A =1001101011100101
B =1000101101010100

To ouoTnua Ba capwaoel Ta Ynoeia Kal Twv dUo APIBUWY ATTO APIOTEPA TTPOG TA
0e€Id (atro 1O 1Mo onuavtiko (MSB ) péxpl va @Bacel ato AlyOTEPO ONUAVTIKO
wnoio (LSB) ), edv 1o0xUel KATTOIO AVIOOTATA TNG HOoP®NG A>B 10TE N OUYKpPION
Ba yivel atro aploTepd TTPog Ta dECIA WOTToU va Bpel TV Béon otTou dev Ba
eivai ioa.

[a 4 bit cuoTnua 10XUEl TO €ENG:

A= ,"I_;r’l:.*'lt.-"ln
B = H;H:rﬂjﬂu

Ta ypaGuuara atmmo TTAvVW AVTITIPOOWTTEUOUV KATTOIOUG aplBuoug ,edv gival
duadikoi apiBuoi 1oT1e Ba gival 0 1 1. O@a cuykpivel og {euydpia TOUG ATTO TTAVW
apIiOuoug . H 106TNTa KABE Ceuyaplou ekppdadetal Aoyika pe pia XNOR, 61mwg
PaiveTal TTAPAKATW.

y=AB +AB fori=0,123

To xi Ba gival 1, étav 10 Ceuydpl Twv bits otnv B€on i €ival ioo (kal Ta duo va
givar 1 4 0) . Mou €ival n 1o6tTnTa A = B. Autrl n duadiki PeTaBANTH €ival ion
ue 1 €éav o1 duo autoi apiBuoi A kal B gival 1001 ,010opeTIKA Ba gival ioc0 Pe TO
0. MNa va uttapxel pia 100TNTA, OAEG O1 Xi METABANTEG Ba TTPETTEl Va €ival AOYIKO
1, TTou ouoiaoTIKA gival Asitoupyia AND yia OAeG TIG HETABANTEG.

|: -‘1 — f;_} — .t.'j.r:-rl_\'”

H duadikn petaBAnm) (A = B) cival ion pe Aoyikd 1 ,eav O0Aa Ta {euydpia Twv
Wneiwv Twv duo apIBuwy gival ioa.

[Na va 1rpoodiopicelg €dv 10 A gival PIKPOTEPO | PEyaAuTEPO atro 1o B ,6a
TIPETTEI va OOUME Ta CEUyApIa TWV CNUAVTIKWY WYn@iwv 1Tou Ba eKIvave atro
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TNV 1Mo onuavTtikg 8éon. Edv duo yneia evdg Ceuyaplou eival ioa, TOTE TTAUE
OTO €TTOMEVO AIyOTEPO onuavTikG Ceuydpl wnoiwv. H ocuykpion Ba ouveyioel
MEXPI Va @Bacoupe o€ aviootnTa. Eav 1o A €ival Aoyikd 1 kai 1o B gival Aoyikd
0, 161€ €Xoupe TNV aviootnTa TNG Hopeng A>B. Edav 1oxuel To avarmmodo ToTe
EXOUPE TNV aviootnta TG Hop®ns A<B. Ekepdletar TTOPAKATW OTTO TIG
akOAouBeg Boolean cuvapTroelg.

(A > B) = AB% + .'L’_}A:BE + .‘l'].TJAlB‘i + .T]..I:-I]A{J.BE]
(A < B) = A3B; + x3A3B; + x3xA1B) + x3x3x1A0B)

Ta oupBoAa (A>B) kai (A<B) cival duadikég HETABANTEG €€6DOU TTOU €ival i0€EG
ME 1 Otav kai Ta avrioToixa A>B kal A<B givai 1Tiong.

Ay Y[?:D* i i
ané[:);:_}"+.

‘ \?"::}-_E o &
B : ___:ji

_m—ui- ")
" 1 ;

(A > B)

=7

= T
P
—

L:J (A =8)

Four-bit magnitude comparator
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Evag ouykpitg n - bit @aiveralr TTapakdtw TToU KAVElL XPAoN KUKAWPATWY
aBpoiong. Ta KukAwuaTta &dBpoiong ival TPOTTOTTOINUEVA WOTE VA AEITOUPYOUV
oav KUKAwparta ouykpiong, utroAoyiCovrag tnv Boolean cuvdaptnon A B. H
AeIToupyia 100TNTAG YiveTal Pe atmAég TTUAEG AND.

4 bit ouyKkpITAG

camy — E BareaterThand
- Aequalt

e

TETEES

\

inFadd

—
o
—_

_i ! A _.carry
G B Sum 3‘, One bit structure&
gl <

B2|
Bii |
CHE

=
=
|I_.IJ_ID 1

T
B ) o

-----

a£—
= =g
|I_LJ_IU_'I_|

s CH O o o O 3

.........................................................................

SR CHE CHI O (O D CHE I

[ i e e T e i 8 R o e e T e g e e i o A

AequalB X ]

BgreaterThanA U:P ----- :- ------ E-----.:......i.......i......:.......:......E__...-:1 ---- EH.‘_

..............................................................................
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AuadIKOg TTOAAATTAACIOOTAG

O troAAaTTAaoI00u6G dUAdIKWY APIBPWY YiveTal e TOV idI0 TPOTTO TTOU YiveTal
Kal 0 OekadIKOG TTOAAATTAACIOONOG. O TTOAAATTAQCIOOTEOG TTOAAATTAQCIAZETAI
atro K&Be bit Tou TTOAAATTAQCIACTH, EKIVWVTAG TTO TO AIYOTEPO oNUAVTIKS bit.
Apa tTape Ceuydpl atro OggIa TTPOG oTa aploTEPA. AnAadny TToOAAATTAaCIAlOUNE
yia TTapadciyua 1o A0 pe BO kal €Xoupe €va PEPIKO ATTOTEAEOUA , META TTAME
M0 apIoTEPA O0TO AANO Ceuydpl A0 B1 kail TTaAI €xoupe Eva PEPIKO ATTOTEAEOUA .
To TeAIKO atroTéAeoua Ba gival TO ABPOICUA TWV PEPIKWY ATTOTEAECTUATWY

Mo avaAuTik@ o TTOAAATTAQCIOONOG VYiveTal WG €GNG OTTWG QAIVETAI KOl
TTapakaTw: A0 pye BO peta AO pe B1 petad A1 pe BO kai petd A1 pe B1 01Twog
Qaivovtal Kal oTo oxAMa TTapakaTtw. TeAikd atrotéAeopa C3 C2 C1 CO. O
TTOAAATTAQOIa0 OGS TWV duo bit dTTwg AO pe BO Ba BydaAer 1 eav kai Ta duo givai
1, Aoyikr} AND, aAAiwg Ba dwoel Aoyiko 0.

Edw o1o oxApa Ta pePIKA atroTeAéopaTa yivovTal Kpatouueva , dnAadrn 1o CO
= A0 * BO, petd yia 10 KpaTtoupevo C1, agou TTpwTa OAICBROEl apIoTEPA YIa TO
Ceuyapr A0 B1 kai yivel kai To Ceuyapl A1 BO mmape otov nuiaBpoloTr) TTou Ba
TTpooTeBoUV Ta duo Ceuydpia, dnAadn Ta €¢ic: A0 B1 A1 BO yia va Byel 10
Kpatoupevo C1. To idlo Ba yivel Kal yia To kpaTouuevo C2, C3.

g H ‘ R H
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Bi Previous product
{(Productln)
Aj | |
. v
And P=AixBi
—P
o— Adder
< «—Previous carry
Next carry (Carryln)
{(CarryOut)
Next product
(ProductOut)

Multiplier
REixBi ProductIn |CarryIn CarryCut |Productou
0 0 0 0 8]
0 0 1. 0 L
0 1: 0 0 1
0 1 1 il 0
1 0 0 0 1
1 0 1 1 0
1 1 0 L 0
1 I: 1 k: 1

1 o

Bi (_// c| fadd Sum Pout

| B Carry CarryOut
Productin
A
carryln
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[MoANQTTAQCIACO OGS OUADIKWY QPIBUWY

1 1 0 1 ToihurhacrueTEos
& & 1 1 [oilumhugrucTis
0 0 0 0 Mepwoywopevo
1. & § 3 Mepixo yvopevo
1. 1. % 1 Meptko yvopievo
o 0 0 Mepio yvopievo
1 0 0 1 1 1 0 Twopevo
1010111 [olharhusragteos §7
x 1011 Mokkamiamostis xl1
1010111 §7
1010111 Meptkd ywvouevo §7

0000000 957
1010111 /

1110111101 +— Twopevo
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4 y 4 TTOAATTAQCI00TAG
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Infernal
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Bi
¥
CarmyOut Camyin
— :
—

_ Productin Paut
Froductin

carryln CamryOut

B

Ad
ey
ProductOut
B3 B2 Bl BO
AD ApB: | ApB; | AxB, | ApB, 0
Al ApB: | ApBy | AxB; | AnB Pl
. AxB; | AxB, | ApB, | ApB, | P2
" AsxB: | AmB; | A;B; | AxB P3

P7 PB6 B5 P4

Floor planning of the 4x4 bit multiplier
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1.8 Timyd.00

14

1

12

361



ANTQNIOZ MIX MAPATKOYAAKHZ

MapakdTtw £xouue €va o ouvOeTo TTOAAATTAOCIOOTA 4 bits.

- B, B, B,
Ay
y
Augend
Sum and ouwipul carry
Az
i
1!‘
(-_: C‘
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AlqipETng

H diaipeon eival pia TToOAU onuavTikhg AsiToupyia ota wneiakd cuotriuata. O
TTpokaBopiopévog TeAeoTNG  “/7 (dlaipeon) dEXETaI PHOVO OIAIPETEG TTOU E€ival
QUVAUEIC TwV BUO, gival oav éva TEAEOTH “0AicBnong”.

O diaip€TNG ouxvoTNTag €X€l TN duvaTOTNTa va TTOAAATTAQCIAlEl TNV TTEPIODO
TOU poAoyiou TTou gep@avifetal oTnv €i00d0 Tou. MTTopei va €xouue dIaIpETN UE
Mia i duo PBaduidec 1 kai pe TepIloocdTEPEG . H kGBe Babuida diaipei TN
ouxvoTNTa TOU POAOYIOU TTOU £QapuoleTal OTNV £i0000 TNG WE TO OUVTEAEOTN 2.

Feedback Loop
~alf
Output Frequency
D O F—w f=2
Input Frequency
fo——

Elic )

Q

NinEnEnEpt

I I I I
I | I |
P | I |

Output
] Frequency

Frequency = “.5—
- -
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dreg

............................................................................

Resef RST (W ClockDi?

--------------------------------------------------------------------------------

KUkAwpa diaipétn ouxvoTnTag

HDiv2

>
[
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Alaip€TNG ouxvoTNTag dUOo BaBuIdwyY

H dlaouvdeon Twv duo Babuidwv yivetal wg €ENG , TO OAPA €¢OO0U TNG
TTPWTNG Babuidag cival To poAdi e106dou TNS deuTeEPNS Pabpidac.

H H Div 2 H Div 4
—— One Stage One Stage ——————

Autil n dopny Kal n Asitoupyia Tou dIAIPETN OuxvoTnTag , Pacifetar oto T
Master — Slave flip - flop 710U TOpakaATW oOXAUatog CMOS
OKMOTTUPOOOTOUMEVO HE TTOAUTTAEKTN

= ()
|:| }—E:'Gﬂ'l ik
)
[ .
1/ Pp—— B,
'|
!

_ N
| - P

[Mou kai autr) N doun €xel TNV duvaToTNTA va dIAIPEI TN OUXVOTNTA TOU CUATOG
€10000u OIa 2.

H Aeitoupyia Tou trapakdatw Olaipetn €ival n €gng: 6tav H = 0 ta nMOS
TpavdioTop dev ayouv , evw Ta pMOS dyouv, eykAwBiCovTag €101 TNV TPEXOUOQ
TIUA (Aoyikd 1) oTnv avadpacn Tou APICTEPOU TUAMATOG TOu dIAIPETN TTOU Eival
ol duo avTioTpoYeic (inverters) To master KOPUATI. To 8€€I6 TUARUA TOu dIAIPETN
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TTou €ival o1 dAAol duo avTioTpogeic (inverters) dnAadr 1o slave kopudT, Ba
BydAel otnv €€odo “H Div 2" tnv tpéxouca Aoyikn TIPrA, ammd Tnv GAAn ouwg
TTpoeTOINACEl aAAayr OoTn AoyiKA OoTABuN Tou dlaIpETN ouxVvoTNTAG (AEITOUpYia
toggle), otav peradolei n avrioTpo@n AOYIKA TIU OTO APICTEPO THNAHUA TOU
QIaIPETN TTOU €ival Ol dUO AVTIOTPOYEIG, HECW TNG avadpaong.

Ortav 10 H = 1, 101 n TpEXOoUoa AOYIKA TIMA TTOU BpiokeTal 0TV £€€000 TOU
0eglou TUNMATOG TOU OJIAIPETN , TTOU €XEl TOUG GAAOUG DUO QVTIOTPOYEIG,
ouveyifel va peTadideTal yia dguTtepn NUITTEPIOdO TOu COAPATOG H, aAAG n
avTioTPoPN AOYIKN TIUN MTTAIVEI OTO APIOTEPO TUAMA TOou OIAIPETN ,TTOU EXEI
TOUG OUO TTPWTOUG AVTIOTPOYEIG, aAAAlovTag €TOl TNV ATTOBNKEUMEVN TIUA.
Otav 6pwcg yivel To H = 0, 101€ N vE€a auth TIPA Ba eykKAwRIOTEI OTO APIOTEPO
TMAMO TOu OIIPETN, TTOU €XEl TOUG OUO TTPWTOUG QVTIOTPOYEIC, Kal Ba
METad0BEi oTnV £€€000 “H Div 2”7 yia duo nuitrepiodoug tou H. OAa autd pag
odnyouv oTov JITTAQCIACPO TNG TTEPIOOOU TOU CANATOG €10000U 1] aAAIWG TNV
diaipeon dia duUo TNG ouxvoTnTag Tou. O dIaIpETNG e duo PBaBuideg Hag KAVEI
TETPATTAQCIOOUO TNG TTEPIOOdOU TOU ONUATOC €10000U, aPoU n KABe Babuida
diIrrAaaidadel Tnyv TTePIodO TOU GNUATOG OTNV £i0000 TOU.
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Alaip€TNG ouxvoTNTAG TPIWV PBABMIdWY

Output Frequencies
QA aB ac
f=2 f+4 f=8

- =ik S CLK S CLK > cic.
Clock
Pulse

o
|
o
|
]
|

FF1 FF2 FF3
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Alaipeon duadikwyv apiBuwyv

H diaipeon duadikwv aplBuwyv gival €1riong pia dUOKOAN diadikacia aAAd 1m0
TTOAUTTAOKN a1rd TOov TTOAAATTAQCIoouS. [lepIAauBavel eTTavVOAAUBAVOUEVES
oAioBAoeIc kKal TTPooBeon 1 agaipeon. MNMapakdTw €xouphe €va TTAPAdEIYUA
dlaipeong duadIKwy apIBUWY , €ival OUCIOOTIKA gival OTTWG YyiveTal n dlaipeon
ME OEKADIKOUG apIOuoUG.

H diaipeon BaoileTal o€ auTdv TOV TTivaKa TNG aPaipeong

Meawteoc X Agpmpereoc Y Awgopa A Aaveiko B
0 0 0 0
0 1 1 1
1 0 1 0
1 1 0 0
14§ 41041 1 1 01 l=—= Awnpényg
IR R 110 1<— Iyiiko
00 1110
1011
g1 111
1011
1 0 032=—— » Ymolouto

Na apxy BAETToupe O11 0 1011 > 1001 otrdTe KateBAloupe Kal TO ETTOPEVO
duadiké ynoio, apa €xouue 10010, kar agaipouue Tov OlaipETn (1011). 210
TEAOG PETA TNV YPANKN YPAPOUUE TO ATTOTEAECHUA TNG APAIPEDNC.
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AEFKAATKO AVAATKO OETAAIKO AEKAFEZAATKO
0 0 L)
1 1 1 1
2 10 2 2
3 11 3 3
4 100 4 4
5 101 3 3
& 110 G 6
7 111 7 7
8 1000 10 8
o 1001 11 9
10 1010 12 A
11 1011 13 B
12 1100 14 =
13 1101 15 D
14 1110 16 E
15 1111 17 F
16 10000 20 10
¥ 10001 21 11
18 10010 22 12
19 10011 23 13
20 10100 24 14

i HNopocTtoc Tuopminpona TupmAnpoOUa
AsKudKoC i 3 2, s il sy
. TPOGNUHOD oc apoc 1 eC Tpoc 2
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Ap1BuNTIKA — Aoyik jovada

H apiBuntikp  Aoyikp povada (ALU) c€ival  éva  UTTOKUKAWWO  Tou
MIKPOETTECEPYQOTH TTOU aATTOTEAEI TNV Pacik PovAada €vOG UTTOAOYIOTIKOU
ouoTAMOTOG. EKTEAEI apiOuNTIKEC Kal AoyIkEG TTpAcelc. H TTAnpogopia TTou
TIPOKEITAI VO €KTEAEOTEI PpiokeTal oTtoug Kataxwpntés. H ALU Traipvel tnv
TTANPOPOPIa ATTO TOUG KATAXWPNTES KAl EKTEAET pIa dedouEvn AsiToupyia, OTTWG
kKaBopiletal atrod TiG diadikaaieg eAEyyxou. Mia TutTikh apiOuNnTIKA AoyikA povada
MTTOPEI va KAvEl TIPOOBECEISC KAl APAIPETEIS WTITOPOUV OPWG va KAVOUV
eMMTTAEOV TTOANATTAQCIOOUOUG Kal OlalpETEIS. ATTO AoYIKES TTPACEIC HTTOPOUV Va
kavouve Ta €€n¢c: AND, OR , XOR, XNOR , NOT Trou divouv Tnv duvatétnta
OTOV MIKPOETTECEPYAOTH] va TIAIPVEI ATTOPACEIG, VIO TTAPAdEIYUA  OTTWG
oUyKpion (MIKPOTEPO aATTO ,ioo, PeyaAUuTepo atrd), OeTikoi apiBuoi, apvnTIKOi
apIOuOi, K.A.TT.

Edw oT1o oxnua éxouue TNV TTANPO®OpPIa atrd Toug Kataxwpntes A kal B Ba
KAvel pia 0edouEvn Asitoupyia 0TTwg KaBopiletal atrd TIC dladikacieg eAEyxou F
KAl TO atToTEAEOUA Ba TO TTAPOUME aTTo TO S.

Data A Data B
/‘/ it f{ n bits

Arthmetic and
Logic Unit

/‘/ n bits

Result S

FuncionF ——=—

m bits

Mia TuTTIKy oxediaon apiBuNTIKAG AOYIKNG Hovadag gival N €EMNC TTAPAKATW.
H povada eAéyxou KataokeuAadeTal atro €va TTOAUTTAEKTN 4 TTpoG 1.
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0,0 Add 0,1 Sub 1,0 AND 1,1 OR

& fadd Sum %
B Carry CarrySum %
D A A Borrow %

87 Muxdto1Mos out! ResAlu

m

fadd Sum

51

1 B Cany

Exoupe 4 Asitoupyieg: and , or, mpdoBeon kai agaipeon. O1 AOyYIKEG
AeiToupyieg and kair or yivovrar pe xpAon Pacikwv Aoyikwv TTUAwv. H
TTPO00eoN Kal N agaipeon yiveral xpnolyotroiwvtag ta ouupBoAa ADDER Ttou
XpnoTn.

Av doupe TNV apIBuNnTIKA AoyIK povAda e€vOg MIKPOEAEYKTH OTTWG o0 8051
TTOU uTtooTNPICel évav PeyAAo apiBud evioAwv pe pEyeBog dedouévwy 8 bit.
Exoupe TTapakaTw €va TTivaka atrd EVTOAEG ,EKTOG TTIVOKA €ival Ol EVTOAEG TOU
TTOAAQTTAQCIOOUOU Kal dIaipeong.

371



ANTQNIOZ MIX MAPATKOYAAKHZ

Mnemonic |Type Description

CLR Clear Clear the accumulator

CPL Complement Complements the accumulator, a bit or a
memory contents. All the bits will be
reversed.

ADD Addition Add the operand to the wvalus of the
accumulator, leaving the resulting value
in the accumulator.

SUBB Substractor Subtracts the operand to the value of the

ccumulator, leaving the resulting value
in the accumulator.

INC Increment Increment the content of the accumulator,
the register or the memory.

DEC Decrement ecrement the content of the accumulator,
the register or the memory.

XRL XOR operator Exclusive OR operation between the

ccumulator and the operand, leaving the
resulting value in the accumulator.

ANL AND operator AND operation betwsen the accumulator and
the operand, leaving the resulting value
in accumulator.

ORL OR operator OR operation between the accumulator and
the operand, leaving the resulting value
in accumulator.

ER Rotate right shifts the bits of the accumulator to the
right. The bit 0 is loaded into bit 7.

EL Rotate left Shifts the bits of the accumulator to the
left. The bit 7 is loaded into bit 0.
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nput

Immediate value

Registers RO.R7 /

Memory contents

A gets 0

Register RO <= 0x55
Add 2 to accumulator
Complement

Rotate right

Botate left

Decrease A

Or with OxOF

Xor accumator and RO
Increment A

Junp to beginning

Accummlator A
E bats
Arnthmetic and
Logic Unit
B bats
Result 5 CarryOut
P10 | P30 8051 ur.|
P11 P31
el I Code |aﬁ.ssmb|y] Eymbolsl
P12 P32
- MOV A, 40 [/
P13 | Fas MOV RO, #558 //
P14 P34 L1 ADD A, 42 //
ol | — -
P15 8051 P35 CEL A /
P_1—|5 e BER A L
B Py RL A 1
P17 P37 DEC A 7
— ORL A, #0F //
A T XRL A,R0  //
FD 1 P2 1
e P2 INC A 7
B0 2 P2 2 AJMP L1 I
oo —r
PD_3 P23
= o —
P 4 P24
L) =t
Pl 5 P25
il —r
PD 6 FZb
e | —
PO_7 PeT
=
clock rst

clk1

Reset Actvelow

Azzembly
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cki 1
Reset ActiveLow 0 | I | : i | | I I i
A_8051 XOVerrr (oo o) el Fe| POl FC| FF{ A4 AB | AN 52| 28] 52| 51 S| 04f 0B
Unit Instruction Operation opcode
Transfer a y=a 0000
Complement a y=NOT a 0001
e Transfer b y=b 0010
Logic Complement b y=NOTh 0011
2 ) AND y=aANDb 0100
NAND y=aNANDb 0101
> y OR y=aORb 0110
NOR y=aNORb 0111
- Incrament a y=a+l 1000
Increment b y= bt 1001
Add aandb y=ath 1010
opcode Arthmetic | Sub b from a y=a-b 1011
Sub a from b y=-ath 1100
Add negative y =-a-b 101
Add with 1 y = a+b+1 1110
Add with carry y:ii-b*ﬂiﬁ 1
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1 ...................................................
2 LIBRARY ieee:

3 USE ieee.std_logic_1164.al11:

4 USE ieee.std_logic_unsigned.all;

5 ___________________________________________________
6 ENTITY alu IS

7 PORT (a, b: IN STD_LOGIC_VECTOR(7 DOWNTO 0);

8 cin: IN STD_LOGIC:

9 opcode: IN STD_LOGIC_VECTOR(3 DOWNTO 0);:
10 y: OUT STD_LOGIC_VECTOR(CY DOWNTO 0)):

11 END alu

i i A e S S i S i T N S T S e S e T
13 ARCHITECTURE alu OF alu IS

14 BEGIN

15 WITH opcode SELECT

16 = = | === logic part:------

17 ¥ <= a WHEN ™0000™,

18 NOT a WHEN ™"0001™,

19 b WHEN "0010",

20 NOT b WHEN *"0011".

21 a AND b WHEN ™"0100",

22 a NAND b WHEN *"0101°".

23 a OR b WHEN 0110,

Z4 a NOR b WHEN ™0O0111".

Z2x 0000000000 =R arithmetic part:------
26 a+l1l WHEN ™1000",

2F b+1 WHEM "™1001",

28 a+b WHEN 1010,

29 a-b WHEN ™1011"™.

30 O—a+b WHEN "1100".,

31 O-a-b WHEN *1101*".

372 at+b+1 WHEN "™1110".

33 at+b+cin WHEN OTHERS ;

34 END alu:
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opcode="0100" — y=a AND b="00010001" (=17)

opcode="0110" — y=a OR b="01010001" (=81)

opcode="0111" — y=a NOR b="10101110" (=174, or -82 in signed notation)
opcode="1000" — y=a +1="00010010" (=18)

opcode="1010" — y=a+b="01100010" (=98)

opcode="1111" — y=a+ b +cin="01100011" (=99)

opcode="1101" — y=-a—b="10011110" (=—98, or 158 in unsigned notation)

i ps 160,0 ns 3200 ns 4800 ns E40.0 ns B00.0 ns
Na |0 ps .
J
0 | @ a 1 17
[k Eb 1 ]l
w18 cin J
9919 | @ opcode [ 0100 X 0110 ¥ O111 ¥ 1000 X 1090 Y 1111 ¥ 11001 X
@24 | Evy { 17 (N TN (EE -BE Sl EE EE N R CEE SRR
Kwdikag VHDL yia tov 8051

entity ALU 8051 is

port (op code : 1n UNSIGNED (2 downto 0);
source a : in UNSIGNED (7 downto 0);
source b : in UNSIGNED (7 downto 0)};
CArry in i in 8TD LOGIC;
result s : out UNSIGNED (7 downto 0);

carry out : 1n STD LOGIC;
end ALU 8051;
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architecture of ALU 8051 1s
begin
case op code 13
when CIR => result s <= "00000000";
when CPL => result s(7 downto 0) <= not source a(7 downto 0);

when ADD => DO ADD(source a,source b, carry in, result s, carry out);
when SUBB => DO 5SUBB(source a,source b, carry_in, result s,carry out);
when INC => DO ADD(source a, "00000001",'0" , result s,carry out);
when DEC => DO SUBB(source a, "00000001" ,'0' , result s,carry out);

when XRL => result s(7 downto () <=
source a(7 downto 0) xor source b(7 downto 0);

when ANL => result s(7 downto () <=
source a(7 downto 0) and source b(7 downto 0);

when ORL => result s(7 downto 0) <=
source a(7 downto 0) or source b(7 downto 0);

when RL => result s(0) <= source a(7);
result s(7 downto 1) <= source a(6 downto 0);

when RR => result s(7) <= source a(0);
result s(6 downto 0) <= source a(7 downto 1);

when others => carry out <= '-';

end case;
end process;
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Fesult
FEesult .
Result
Result

8

¥

3

"O0T s sounrce- a (e downto 0O) ;7
0™ & source o (e downtco O) ;7
"OO0O0oOOo00"™ & Ccarrzy dng;

Fesult 1+ RBResult 2+ Result 3¢
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VERILOG CODE lN''A ALU

7

7
fr
fr
fr
fr
fr

module Alulbit( A, B, CarryIn,51,52,CarryS5um, Borrow, Reshlu) ;
input A, B, CarryIn,S51,52:;

output CarrySum, Borrow,Resilu;

wire wl4,wls, wle, wl7,wlB, wlS, w20, w2l;

wire w22, w23, ,w24,w25;

not #(121) notl (wd,A);

and #(207) and2 (wS,B,4)

or #(207)y oxz2(wl0,A,B):

max #(121) mux4tol (ResAlu,S51,wl0,ws3,52,wWT,W5);
xor # (10} xorZl fal (ws,wld,Carryln):;

xor # (10} xorzZi fal(wld,n, B):;

nand # (10} nandZl fa3 (wls,B,4);

nand # (10) nand22 fa4 (wlé,B,Carryln);

nand # (10) nand23 fas (wl7,A,CarrylIn);

nand # (10} nand3l fa6(CarrySum,wls,wle,wlT7):
xor #(10) xor2l fa7(w7,wl8,B):

xor #(10) xor22 fad(wl8,CarryIn,wd):

nand #(10) nand2]l faS(wlS,w4,CarrylIn):

nand #(10) nand22 falD(w20,w4,B):

nand #(10) nand23 fall(w2l,CarryIn,B):

nand #(10) nand3l fal2 (Borrow,wlS,w20,w2l):
nmos #(17) nmosl Mul3 (ResAlu,w22,w23); //
nmos #(17) nmos2 Mul4 (ResAlu,w24,52); //f
nmos #(17) nmos3 Muls(w24,wd,w2S); [/

mmos #(17) nmos4 Mulé (w22,w5,w25); [/

nmos #(17) nmosS MulT (w22,wT,51); f/f

mmos #(17) nmosé Mulf (w24,wl0,S51); //

not # (10} notll MulS (w23, 52);

not #¥(1TY notlZ Mull(wZs5,51):;

endmodule

Simulation parameters in Verilog Format

always

#1000 A=~A;

#2000 B=~B:

#4000 CarryIn=~CarryIn;
#3000 51=-~51:

#1e000 52=~52:

Simumlation parameters
A CLE 10 10

B CLE 20 20

Carryvin CLE 40 40

51 CLE 80 80

52 CLE 1&0 1&0
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[

RESHT

BT

o2
P12

T
Carysin

Lt

i
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ANTQNIOZ MIX MAPATKOYAAKH2

SNS4L5381A, SN545381, SNT4LS3B1A, SNS4LS382A, SNTALS3B2A, SNT745381
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS

FIN DESIGNATIONS

DEGIGNATION | PN NOS. | FUNCTION
A3, AZ,A1,AG | 17,19,1.3 |  WORD A INPUTS
B3, 62, 61,80 | 16,18,2,4 | WOADE INPUTS |
Seie | sae FUNCTIONSELECT
INPUTS
CARAY INPUT FOR
i & ADDITION, INVERTED
CRBAY INEUT BOA
SUBTRACTION
FI.FL,F1,F0 | 12,11,9.6 | FUNCTION DUTPLITS
— ' LE3ET A o ACTIVE-LOW CARRY |
‘8391 GNLY L FROPAGATE QUTRUT
E['I.EEBIH 13 ACTIVE-LOW CaRAY
'5331 DMLY GENERATE DUTPUT
LS3EZA AIPFLE-CARRY
Cred| DMLY " OUTPUT
ovR VLEIEZA 15 OVERFLOW
DIRLY ] QUTFUT
Voo E SUPFLY YOLTAGE
GO 10 GROUND

= Fully Parallel 4-Bit ALUS in 20-Pin Package
for 0.300-inch Row Spacing

+ ldeally Suited for High-Density Economical

Processors

» L5S381A and ‘S381 Feature G and F Outputs

for Look-Ahead Carry Cascading
# "LS382A Featurss Ripple Carry {Cp 4 4) and

Ovarflow [(OVR} Cutputs

¢ Arithmetic and Logic Operatione Selected
Specifically to Simplify System
Implementation:
A Minus B
B Minus A

A Plus B

gnd Five Other Functions

description

SDLSTHR - JANUARY 1681 - REVISED MARCH 1980

SNE4L5381A, SN545381
.. .J OR W PACKAGE
SNTALEIFVA, BNT453ET
«.. D'W DR N PACKAGE
(TOP WIEW)

GNA4LSIE2A , ..
J OR W PACKAGE
SMT4LEIE2A . ..
DWW DR N PACKAGE
ITOP WIEW]

:

a1[]
1]

ENSALEEE 1A, SNG4538T
.« F PACKAGE

{TOP VIEW]

]
2=y

3
a2 W
ra[]4 1
safs
sifls  wllc
[ EAE LY [ [ =Y
Fofle e [Jove
Fe oz i,
l_—'r.fDE-.n 1 “%&EE
FUNCTION TABLE
EELECTION [ ARITHMETIC/LOGIC]
227 51 80|  oOPERATION
L 7L L i EAR
L L H B MINUS A
L H L A MINUS B
L H H APLUEB
H oL L Ao
H L H o+ H
H H L AR
H H h FRESET l-

H = high v,

L= tow fevel

Tha ‘L53814, “53487 and 'LS3IB2A are low-power Schotiky and Schottky TTL arithmetic logic units (ALUsIfunction generators
that parform right binary arithmetic/logic operations on two 3-bit words as showr in the function 1able. The exclusive-OR,
AN, or OR function of the twe Boolean variables is provided without the use of external circultry, Ales, the outputs can
b cleared (low) or praset (highl as desired, The 'LE381A and ‘5381 provide two cescede sutputs iF end G for axpansion
utilizing SNE45182/SNT45182 look-aheed carry generatars. The ‘L3382 provides a Cp 4 4} output 1o npple the carry 1o
the Cp, Input of tha naxt stage. The ‘L3824 detects and indicates two's complament overflow condition via the OWR output.
The averflow cutput is logically equivalent to Cp 4 3 % Cp 4 4. When the "LS3B2A 6 cascadad 10 handla ward [engths longer
than leur bits in length, only the most sgnificant overflow [OVAL oulgut 1 used.

The SNE4° family is craractarized for operation aver the full military temperature range of =56°C to 126°C, The SN74’

tamily is characterized for operation fram 0°C 1o 70%C.

FRCOUCTION DASA rformeston i camest i of pubicsion cels
Frocdacis conforme 2 specrifcsiomn par 9 ferree o Tazas lextrarmeris
i wementy. Frodeciion procsasing daan mot eecanarily noiuce

‘wating of ¥ parmEAT.

Q" TEXAS

INSTRUMENTS

FOST OFFICE BOX G553 ® DALLAS. TEXAS TG0

Copyright & 1088, Texas Instremanis Incorpomabed
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ANTQNIOZ MIX MAPATKOYAAKH2

SNS4LS53B1A, SN545381, SN74LS53B1A, SNS4LS3B2A, SNT4LS3I82A, SNT45381
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS

SDLE16E — JANUARY 1981 - REVISED MARCH 1958

funciion table

Certain differences exist in tha G, P (LS3E14, 'S381) snd OVR, Cp 4y PLS3824) functlon table compared with similar
parts from ather technalogies and other verdgors. Mo aiffarances exist in tha arithmatic modes (B minus A, A minus B, and
& plus B), where thase cutputs perform valvakble coscoda functions. There are slight differences in tha other modes (CLEAR,
A + B, A& 8, AB, ard FRESET], where thage oulpuls are strictly “don’t care'’,

Thia function table (s a condansed version ane sssumas for A thaet AD, A1, A2, and A3 inputs all agree and for By that
EQ, B1, B2, and B3 inputs all agrae. This tablz is intended to point out the responsea of thesa G, P L3814, '5381) end

OWR, Cp4 4 ULE3BIA) sutputs i all mades of oparation w facditate incoming nepactosn.

FUNCTION TABLE

ARITHMETIC LOGIE |rafLITS AUTPUTS I'LE3 1A, SN | LEINIA
DFERATION g2 51 &0 Ce An E., | F3 FZ F1 o G F | ovr Casra
CLEAA L o = ] x L L [ L H ] L L
L L L H H H H H L L L

L L H H H H L L H L H

L 34 L L L L L H H L. L

B MINLE & R [0t v B ] o L R k] 2 -
no.L L 1 L L 1 Bl L L H

H L H H - H H L H L -

HlH L |L L L HI|®= H| L L

H H " 1. L L 1 H 1 k H

L L L H H H H H L L L

L H L L b L H H L L

L H L H " H Lofo " i 1]

2 WIS B Lo o |k | A Hapehn oM B HupH RN L
H L L 4l L L L H L L H

=L Bl L L H1lH HY L L

i L] 1 H L] m H L n L K

H H H 1 1 L L H L I H

L.|L L L L v L H H L L

1 L H ] 1" wl L] L i L

EognH 1 H H H H H - L 1

APLLE B L i P | L H H H H H L L H L H
CoH 1y i L L i H C] H L L

THle H L i LoL H L H

P L|e L L L|H L L H

kF 1 H H 1l H H | W H

E a L 3 L L L H H L L

L L [ H H H H H L i L

H L L] H H H H H L H H

ol ok M E e B PR R W OEEER L) o L
H ] L H H H H H L o H

L H H L L L L H H L L

5 " L L L L L [ H H L L
L L H H o H ] H i L 1

H L I H] H . 1] - H L H -

& + B H L H L H L H H H o H L 1 L
H H L H H H i 1] L H H

L H H H H H H H L L L

H H H H " H & " L H H

X - L & L L L H “ L '

X L H [ 4 L L 1 H L L

AR i M L x H L = L L L H i L L
" 1] ,- H H H H H L L L

H L] El H H H H H L H H

AR “ - 7 L A H H H H H H L L L
HO§ K X H H H H H L H

‘i’ TexAs
INSTRUMENTS

FOET OFFICE B0X $55200 & DALLAS, TEXAS THIGEH
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ANTQNIOZ MIX MAPATKOYAAKH2

SN54LS381A, SN345381, SNT4LS3B1A, SNS4LS382A, SNT4LS382A, SNT45381
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS

logic disgram {positive logic) 153814, 1LS3824
58 L] M
oy}
IF)
1 T ]
FLiRaLy | I |

QOU

SOLS168 - JANUARY 1881 — REVISEL MARCH 18048

e (R 51
A
Al
ME'—D- s
Ak i
Y:|

lﬂ-::?—-—[:'..—- e T

]
;.12

#12'-.

Y _¥

il
g —

y

(188 %
B2 —w—{:# 3P

I'I'.I':J -

1]

g
Fa

131
12:]

3l

ovVR
LA
1143
:'nlll

\al_

A3 —b—L>0 - 70

T

382}
a1 —“I—‘D—

Pin numbars shews e for OW, J, N, and W pacihages

P
‘LEIDT A
113}
a

J@ TEXAS
INSTRUMENTS

POET OFFICE BOX G55303 % DALLAS, TEXAS 73260
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ANTQNIOZ MIX MAPATKOYAAKH2

SN54LS3B1A, SN545381, SNTALS3B1A, SNSALSIB2A, SNTALS382A, SN745381
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS

SOLS16E - JANUARY 1881 - REVISED MARCH 1888
logic diagram and schematics of inputs and cutputs
s381

18
™
Y]

) LT
J

_IhJ

1
AD (3P 4
L

o

i raimbeds shown ane far OW. J, K, and W packapges.

ﬁ” TexAs
INSTRUMENTS

4 FOST QFFICE BOX 55100 % DRLLAS, TEAAS THIGE
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ANTQNIOZ MIX MAPATKOYAAKH2

SNS4L5381A, SN545381, SNT4LS381A, SNS4L5382A, SNTALSIB2A, SN745381
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS

SOLE160 — JANUARY 1881 - REVISED MARCH 1800

logic symbals !
'LE3F1A, 5307 ‘LEIRT A
KLU 7]
St o ppts | a -
u ]
ey M= e ]
i T e = 15 et T "y
e Y rmaa wcoflil g - :
) i) ®i g
1153 1151
Ly 301 L= 3cH1)
o | C Lﬂ -
[E]
sl fy " proc [ -
= |4 111 Fo il i = Fi
” o a——i
A1 P = L
{ m — i
- :21" a = ) o (k1] Fi
L
e [ . i1 2t [La]]
gy " i =1 . Ml S Y Y
l:l""“-“"— a E i
a—t % e
. i LI PR MLLLE T =
=40 L] 3_'
PrTLL Y -
Thess gyimbiols are s sccordance with AMSUIEEE S 611884 and LI
IEC Pusiication 817-12
Fin mambars shown e Tos DW, J, N, and W peckages.
schematics of inputs and outputs
LEM. 183824
EOUIVALENT OF EACH INFUT TYPICAL OF ALL OUTPUTS
W
o AL
120 R ROM
NPT
OUTPUT
Aoy 5 Fyg =10 ki)
Cp ['LEIE1AK Rigg = 2.6 kil
Al otrmre: Rgg =1 kil
s}l
EOUIVALENT OF EACH INPUT TYPICAL OF ALL DUTPUTS
""""" i - -
B §1 NOM
[
-
DUTPFUT
Ay A or B Pgg=1 k0
Cpt Ry =800 1
Ary St Pag =6 ki)
INSTRUMENTS

POST OFFICE BOX 636303 ® DALLAS, TEXAS 75260 ]



ANTQNIOZ MIX MAPATKOYAAKH2

SNS4L5381A, SN545381, SNT4LSIB1A, SNSALS382A, SNTAL5382A, SN745381

ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS

SALE 160 — JANUARY 1881 — REVISED MARCH 1368

absolute maximum ratings over operating free-alr temperature range (unless otherwise noted)

Supply voltage, Vo 1See Mote Th. ... e ceeasnssncanniinrissscass LT
INOUL VORI « » o s v oo vrnnccssnnnnnprissnessan B R R B e )
Operating froe-abf temperaturs range: SNS4LS381A, SNEALSIB2A .. .. - 56°C to 128°C
SHTALSIBIA, BNTALEIB2A ... . ... 0 vvvernnneii 0°C to 70°C
Soragn DOMDBrEDUIE FBOGE . o o .« - -« o v vo s euai s s b e e e e e s g =85°C to 150°C
MNOTE 1@ Valtags values afe wih fsigect 1 the natwark rdwes terminal.
recommended oparating conditions
SNEALE ENTALE
) MIN NOM MAX | MIN NOM MAX —
Voo Sugely voltige 48 5 65|48 6 mgs| ¥
Vi Highe-level inpur woltsge 2 i L)
Wi Lewslsval input voltage 0,7 0.4 v
'_1111 Highleved aurpul durrent = 4 —_QL ma
b il et -E-n-ulnul af "LSIH1A ] il ey
Al other outpuls 4 ]
Ta  Operating Yies-sir temperaticg o] r 2] m| "C

electrical characteristics over recommended operating free-air temperatura range {unliss otherwise noted)

SNsdLs' ENTALE'
FARAMETER TEST CONDITIONST - NIT
: Min_Tvrl MAX | MIN_TYFE MAX | ©
Vi Vi — MiN, lj= =18 ma =15 -5 W
Vo = MK, V=2V, Wi = MAK, 5
L 4 4 v
LH leapd = = 0.8 mA i5 1 7T W
E ['LEIEA) IgL = 16 mA 047 o7 047 Q7
Vi vep™ MM, V=2V, i, = 4 ma 075 04 0 04| ¥
Other autputy Wi = Mak L -
igL=Bma nis A
Ij Vep=MBX, V=¥ 0.1 ol | ma
Bivg § 0 20
g & or B 100 nog
| Voo =MAK, WVsZIV I
i |_Calisamal e L & w| "
G 15382A) 100 100
Any § - 0T -0z
any Aor B 1 =1
i Voo =MAX, Vi=DAV ma
L | gy rLsimal o ' - 08 - 08
G (LEIBIA) OB - 08
lpgE Viop = MAX = =100 | — 20 =100 | ma
| "lfﬂc"l' MAK
ce A irsputs grownded, outoutl apen - e * o ol

T Paw ganditions shows as BB G Bl | s The soerowr it salus specilisd whdes secammanced opareting conditians,
T AN typlal vilisss sre B Ve = 8 W, T = 35°C.

| et mare then one outpul Bhausd oe gharted @t & thes, Bng Surston of tha sher CROUT ARould NDT Exeesd B abodnd,

INSTRUMENTS

FOST OFFICE BOX 55203 % DALLAS, TEXAS THI5
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ANTQNIOZ MIX MAPATKOYAAKH2

SN54L5381A, SN545381, SN74LS381A, SNG4LS382A, SNT4L5382A, SNT45381
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS

SOLE168 — JAHUARY 1881 - REVISED MARCH 1988

switching characteristics, Ve =5V, T4 = 26°C (wee nota 3)

FROM T LEIA1A ‘LE3n2
PARAMETER VEST CONDITEONS e e UNIT
[INPUTI (OUTPUTI MIN TYP MAX | MIN TYPR MaAX
Py L] 27 18 T
LN Cn Ay P s
L 14 n 14 n
WL m = 0 0
Amy A of B 7] il
PHL | n 3
PLH r 1 | I3
Any Aor8 P il
P4 23 i
1PLH . | i m 0
o r
ML bk ' I w Al
1PLH i5 £3 kL B3
, 81, F
e O o1 S a4 &1 14 81 -
leLH S H 47
0, 51, G A =2x0 C =18
—~rry &1, &2 L L L (14 , 5 - il
L] & m L]
tPHL kit o b gl ™
p
— : Ay Aar B OV R 1 -
Pl | 1] #1
FLN sas,g | SO CC e
IRHL VA 3 54
P o 1] 15
TPHL "-'" s 13 n] ™
IPLH 13 n
C
tPHY Cn o W m|

ROTE 3: Load circults and voltage waveforme sre shown in Secthon 1

{‘? TEXAS
INSTRUMENTS

POGT OFFICE AOX RINANN ® DALLAS TEXASR ToMn -lr



ANTQNIOZ MIX MAPATKOYAAKH2

SN54LS381A, SN545381, SNT4LS3IB1A, SNI4LS382A, SNT4LSIB2A, SNT45381
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS

SOLE16R — JANUARY 1881 — REVISED MARCH 1958

absolute maximum ratings over operating free-air temperatura range (unless otherwise noted)

Supply veltaga, Wep Isea Mot 1) A e G B R AR b v
INpubhaligs:. 5 ciean meged peEce o SULRGRTEE moumhd Bleel MRS mibvs e goihd TIRESE
Interemitter volrage lses Mo 20 R - 5 - 1 1
Opsrating freg-air temperature range: SNBASIET . . . . L L . . i . e s s 4 .. . —BEB'Cto12E°C

b PO 1w« T 1 ]
Storage free-air temperature range L L L . L L . in 2 ; TR I SRRt | 1 B 158 |

KOTES: %, Volmge vaiues, gacepl inleramitbar waktage, are with respect 1o aetwor groand tarminal,
2. This ix e valings beivesen two smibtoers of a saitipis-amitter transistor. For this eircuit, This reling sppiisg mo soch & ingut in
conjunction with e respactive B input; Tor example 0 with B, ate.

recammended operating conditions

{ SHELEIET i SN7ARERT i
' ) ) MIN_ NOM MAX | MIN  NOM  Max
Supply waltage, Voo ) 4.5 B 5.6 [ 475 5 5.25 v
High-level cutput currans, iy -1 -1 A
Lodeslwant] olisug ourrent, 1o 20 20 | mA
Qperating fresair samparaiur, Ta, -55 128 0 LY i
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
___ PARAMETER i TEST CONDITIONS®  [nam TwPl  max | umir
ll.l'||.| High-dsnsd gt wal tage 3 W
[ ViL Lowdevel input veltage k] W
Vg Irput clamp voitaoe Ve = MM, = -1Bma -1.2 W
i : Ve - BN TV,
Von  ighievel output sl SMEASIET | Vo . Vi 2.4 14 v
EWFAS3ET |MiL-08 Y, Igu= TmAb a7 14
Wi = MIN, Vg =2V,
v Lavs-level gataut wal g 05|
oL e L L Vi =08 Y, Ig, =20mA
Ij Inpai? Gurrenil g1 e imum maut valiage Vop=Max, W =55Y 1 ma,
T Ay 5 impan R
lis Hign level imput riecrrnT Ch Vi MAX, V=27V 50| i
All pLherg ] ]
Any 5 Input -3
mn Lawslewel input curmant Cp Voo s Max, Wi=Dhv -a| ma
Al gllirs . -5
¥, SharT-rircuil oulpet sumentd Voo = M | a0 100 | ma
loe Sunply camrent Vion = MaX 105 160 | ma
TFor canditions shown as MIM or MAX, i thi spproprlate vaiue spoolfied under recommmardesd eparating conditions.
Lol typlonl value ars st Vee = B Y, Ty = 2570,
Mol mare than ane ortpdt should b0 shortod el e tima,
switching characteristics, Vee=58V, Tg = 25°C
; “"From TO | o
PARAMETER ITic
INPUT] {QUTPUT) | TEST COMND NS MIN  TYP MAX | UNIT
8 1
tFLH €0 any F 10 7 =
L PHL o 10 17
1 =
FLH fny A or B B 12 20 i
tPHL 12 20
i Er 1 & [ -
FLH Ay A or B P L= 15pF, R =2804q, 11 18 i
IPHL | See Mot 3 11 18
p |
.Fl'H A or B E; - M n:
PHL 16 25
1
ELH Ay 5 Any i 20 i
TPHL 1 18 a0

NOTE 3: Load circuits and voliage wavelcms aee shewn in Section 1.

J? TEXAS
INSTRUMENTS

8 FOST OFFICE B0K $55103 & DALLAS, TEXAS THIGH
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ANTQNIOZ MIX MAPATKOYAAKHZ

Mvriun RAM

MapakdaTtw diveTal TO KUKAWMATIKO DIAYPAUMA VOGS OTOIXEIOU UVAUNG TUXAIOG
TpooTréAaong (RAM Cell). Autd 10 KUKAWUa atroTeAEiTal atrd Toug 2 dlaywvia
ouvoedepévoug avaoTpogeic kal duo nMOS pass transistors. lNa va
uAotroinBei pia PvAun Tuxaiag TTPOCTTEAQONG QPKEN N opyavwon Tng o€
YPOAMUES KAl OTAAEG TTOAWYV PacIKwV oToixEiwv. OTTOTE dnuIoupyouvTal KEAIA
ME OlaoTdoelg X kan Y.

BitLine BLy Memory Cell oo ) o el
'\_\_\h
.r'::'_
L~
L=t ~[lata

Wiard Lina B\

Word Line

Bit Line ~Bit Line
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£t
e Lo (B2 ) = |
— £ =EEE L e 0L )
. T N T T == T e e R
T e [Ei E’f#ﬁﬂ_; 2 e T
e e s e PR ] e e
: s . pretg .
x i
| = e - 4
R = |
= e - .
= Rt o=
== : ST E?:""_r_ Y
-y e - - =]
e P = ]
= e T =
=z Foot Sl —3-E
..... i eiiell o < — = 3
5 i e =
= =
e —_—
S e ~Wordine ==t

H ypauun €mAoyng “Select’(Word Line) tepva ammdé 6Aa 1a oToIXEia HIOG
YPOAMUAG, evw N ypauun “Data” kal n CUPTIANPWUATIKA TNG TTEPVOUV aTTO OAX
Ta OTOIXEIA JIOG OTAANG TNG UVAUNG.

Exoupe duo Acitoupyieg o€ éva PAOIKO OTOIXEIO PVAPNG, €ival O KUKAOG
avayvwaong Kal 0 KUKAOG eyypaong. MNa va diaBacoupe 10 TTEPIEXOPEVO EVOG
aToixeiou , B€toupe TNV ypauun €mAoyng (Word Line) otnv Aoyikr) o1dBun “1”.
MeTa OpwG N TIYA TTOU €ival HEOA OTO OTOIXEIO TTAEI OTNV Ypauun bit line, kai n
OUMTTANPWHMATIKA TNG OoTNV ypauun bit’ line. Twpa yia Tnv eyypaer £XoUuuE: .
Edv oTo oTOIXEIO PVAPNG €ival aTTOBNKEUPEVO TO AOYIKO “1” Kal BEAOUUE EMEIC
va Béooupe Ta TTEPIEXOPEVA TOU O€ AoyiKA oT1dBun “0” , dnAadr va ypdaywouue
oTn PvAuN 10 Aoyiko “0”. OEToupe oTnv ypauun bit line To Aoyikd “0” Kal oTn
OUUTTANPWHATIKA TNG TO Aoyikd “17. Metd otnv ypauun emAoyng (Word line)
BéToupe TNV TIPA “17 KAl JEOW TOU AVTIOTPOYED dIACTAUPOUHEVNG oUlEULNG N
£€€000G TOU apPIOTEPOU aAvTIOTPOYEA Traipvel TNV TiUN “0”, TTou TEAIKG BEAQUE va
ypAwouue atnv PvApn. MeTa n ypapun €TTIAOYNG QTTEVEPYOTTOIEITAI.
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ANTQNIOZ MIX MAPATKOYAAKH2

Froperty

Bit Lins j : 2 —|\.ﬂ_ = PWL: 01x10x

B Line _1\5_ 2 04/ % (I WL 10n01
e | LU LTS =

B Ling =)
(Wi cycha)
M
k]
T : ] i
| | I
! | |
| | |
i !. .1_..
e i =l
: |

i as .
B H [
| i : | i
Data | {Faops 1} | | |
I Haaps | 1 | |
SRR |\ [ I‘I'I'I[ J.-... TR, ) bt : i
13025 1 s S e P o ; I
i : i : li
i ' i ' i ' i
Diaiw | l 1 1 H 1
it E ' | ! i | ! i
...._{ :__._.- i- .I ' ;- ........ I ........ l:-!-!-r"-Il:-liE
an 1] L] 143 1] | EA A | wn LOTims
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ANTQNIOZ MIX MAPATKOYAAKH2

120
120
Data
100
317"
nData
0.0
‘ 0
120
120
10 12 04 05 08 10 12 19 15 18 Timefns)
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ANTQNIOZ MIX MAPATKOYAAKH2

Floodoi
dedoutvav
AéEn 0
Do
f ! !
==| KM > = KM > = KM -
‘ !
Y Aedn 1
s E Dib : *
Eloobol E o
Beutuvarng Eﬁ | KM p = KM . $=| KM .-
3
—in] E X
i o nMEnE i + ;
Al v, ; *
| KM i | KM —-J--l
- } f
N _
D ; *
Evepycnoion ‘ —> KM | KM [+
pvrung (CS) i 1 ;
Avdyvwen) / Eyypapn
il L]
‘EEobioi
beboptviv

Eowrepix) bopr o uvrung RAM 4x3
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ANTQNIOZ MIX MAPATKOYAAKH2

VHDL CODE

2 ENTITY ram IS

3 PORT (clk: IN STD LOGIC;

4 we: IN S5TD LOGIC;

5 address: IN INTEGER RANGE 0 TO 15;

] data in: IN STD LOGIC VECTOR(7 DOWNTO 0);

T data_put: OUT STD LOGIC VECTOR(7 DOWNTO 0));:
g8 END ram;

9 s
10 ARCHITECTURE ram OF ram IS

11 TYFE memory IS ARRAY (0 to 15) OF STD LOGIC VECTOR(7 DOWNTO 0);
12 SIGHNAL myram: memory;

13 ATTRIBUTE ram init file: STRING;

14 ATTRIBUTE ram init file OF myram: SIGNAL IS5 "ram contents.mif";
15 BEGIN

16 PROCESS (clk)

17 BEGIN

18 IF (clk'EVENT AND clk='1') THEN

19 IF (we='1l') THEN

20 myram(address) <= data_in;

21 END IF;

22 END IF;

23 END PROCESS;

24 data out <= myram(address);

25 END ram;

2B s e e

s '17 [I] ata_out]7 0]

S
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MvAun RAM o€ oAOKANPWHEVO KUKAWPO

AD .. ATD ADDRESS INPUTS
DQ, .. DA, DATA 1/0

(3 CHIP ENABLE

G QUTPUT ENABLE
W WRITE ENABLE
Vol +5Y, GND

SRAM MK 6116

A 1L
A 2
As 3 [
Ay 4 [

2
=
=

Ay 7
Ay 8]
DQ, 90
DQ; 10 [
DQ; 11 [

Ves 12 [:

MK6T16

] 24
(123
(] 22
] 2
120
119
118
117
116
] 15
114
o )

DQ),
DQ;
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RAM MK 6116

asz 1w ] 24 Vee
Ag 2 [ 1 23 Ag
AcA ADDRESS INPUTS
= s Ag 3 [ 1 22> Ag
0Qy-DT, DATA 1O Ag 4 O (121 W
E CHIP ENABLE Ay & ILE_ g 2 g
= Az B 19 Aqp
G QUTPUT ENABLE A, 7O ME 16 S
w WRITE ENABLE ag 8 [ ] v7 DO+
DGy 9 (= L] e DO g
Weg 5\, CMD
b = pay w O [ 15 pos
pos 11 O [1 14 DOy
Ve 12 O T DOy
READ READ WRITE
e iy ey LS e e ] P e
Ag
e q X g
B
E =—— l-— ELOV RS e —
S —"l ®
: W Toov — /I
L. =
w —= 5 Lonwn :
Touan = & tw—J
4
bAs VALID OUT VALID OUT m
Dy
WRITE WRITE READ
Lawaw Lo i 42 Cava
- X X X
A
o t | L h— ok -t—!-!
AVEL L '—M_"tmﬂ it - T e Avoy I

%
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L

(&)

12
13
14
15
16
17
18

NEYPQNIKA AIKTYA

---- Package of data types and weight values: -------------
LIBRARY ieee;
USE ieee.numeric_std.all;

PACKAGE package_of_types_and_weights IS

----- Part 1: Circuit paramelers: ssossssssaconsnsmeestnss

CONSTANT neurons: INTEGER := 3; --# of neurons
CONSTANT weights: INTEGER := 5; --# of weights per neuron
CONSTANT N: INTEGER := 6; --f#f of bits per weight

----- Part 2: Data types: -------------cmmmomm e nnmn e

TYPE short_array IS ARRAY (1 TO neurons) OF SIGNED(N-1 DOWNTO 0);

TYPE long_array IS ARRAY (1 TO neurons) OF SIGNED(2*N-1 DOWNTO 0);

TYPE weight_array IS ARRAY (1 TO neurons, 1 TO weights) OF
INTEGER RANGE -(2**(N-1)) TO 2**(N-1)-1;

----- Part 3: Weight values (signed integers): ---=-=-===--cccccc---

CONSTANT weight: weight_array := (

(1, 4, 5, 5, -5), --neuron 1
(5, 20, 25, 25, -25), --neuron 2
(-30, =30, -30, =30, -30)); --neuron 3

FUNCTION conv_sigmoid (SIGNAL input: SIGNED) RETURN SIGNED;

END package_of_sigmoid;

PACKAGE BODY package_of_sigmoid IS

FUNCTION conv_sigmoid (SIGNAL input: SIGNED) RETURN SIGNED IS
VARIABLE a: INTEGER RANGE 0 TO 4**N-1;
VARIABLE b: INTEGER RANGE 0 TO 2**N-1;
BEGIN
a := TO_INTEGER(ABS(input));
IF (a=0) THEN b:=0;
ELSIF (a>0 AND a<97) THEN b:=2;

Package with sigmoidal function: ----------- - - - - - - - - - = =----------
LIBRARY ieee;

USE ieee.std_Togic_1164.a11;

USE ieee.numeric_std.all;

USE work.package_of_types_and_weights.all;

PACKAGE package_of_sigmoid IS
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19 ELSIF (a>=97 AND a<198) THEN b:=6;
20 ELSIF (a>=198 AND a<305) THEN b:=10;
21 ELSIF (a>=305 AND a<425) THEN b:=14;
22 ELSIF (a>=425 AND a<567) THEN b:=18;
23 ELSIF (a>=567 AND a<753) THEN b:=22;
24 ELSIF (a>=753 AND a<1047) THEN b:=26;
25 ELSE b:=30;
26 END IF;
27 IF (input(2*N-1)="0") THEN
28 RETURN TO_SIGNED(b, N);
29 ELSE
30 RETURN TO_SIGNED(-b, N):
31 END IF;
32 END conv_sigmoid;
33 END package_of_sigmoid;
v R e e e e R e e e e e P e e e
I m==a=- Hain cotg: so-smremsss s e e e e e e e e e e S e -
2 LIBRARY ieee;

3 USE jeee.std _logic_1164.a11;

4 USE jeee.numeric_std.all;

5 USE work.package_of_types_and_weights.all;

6 USE work.package_of_sigmoid.all;

",' _______________________________________________________________________
8 ENTITY neural_net IS

9 PORT (clk, rst: IN STD_LOGIC;:

10 x: IN SIGNED(N-1 DOWNTO 0);

11 y: OUT short_array);

12 END neural_net;

I8 ermmi s e i e S e R e e R i e S S S i R S S e
14 ARCHITECTURE neural_net OF neural_net IS

15 SIGNAL prod. accl, acc2: Tong_array:

16 SIGNAL sigmoid: short_array;

17 SIGNAL counter: INTEGER RANGE 1 TO weights+l;

18 BEGIN

19 =rrn PrOCess Tom cOPRber; sHtremm e e n s R s
20 PROCESS(c1k)

21 BEGIN

22 IF (cTk'EVENT AND clk="1") THEN

23 IF (rst="1") THEN

24 counter <= 1;

25 ELSE

26 counter <= counter + 1;

27 END IF;

28 END IF;

29 END PROCESS;

30 -=== Hegisters: for acc® amd ¥y: —-=-s-sosmssmososn smmns
31 PROCESS(clk)

32 BEGIN

33 IF (c1k"EVENT AND clk="1") THEN

34 IF (rst="1") THEN

35 FOR i IN 1 TO neurons LOOP

402



ANTQNIOZ MIX MAPATKOYAAKH2

36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

y(i) <= sigmoid(i);
acc2(i) <= (OTHERS=>"0")};
END LOOP;
ELSE
FOR 1 IN 1 TO neurcons LOOP
acc2(i) <= accl(i);
END LOOP;
END IF;
END IF;
END PROCESS;
---- Process for combinational units: --------=--------
PROCESS(x, counter)
BEGIN
FOR i IN 1 TO neurons LOOP

prod(i) <= x * TO_SIGNED(weight(i, counter). N);

accl(i) €= prod(i) + acc2(i);
IF ((acc2(i)(2*N-1)=prod(i)(2*N-1)) AND
(accl(i)(2*N-1)/=acc2({i)(2*N-1))) THEN
accl(i) <= ((2*N-1)=>acc2(i)}(2*N-1),
OTHERS=>NOT acc2(i)(2*N-1));
END IF;
sigmoid(i) <= conv_sigmoid(acc?(i));
END LOOP;
END PROCESS;:

60 END neural_net;

61
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Look Up Table
o O O O

EQ Eq 2 E3

YIVIYIY

LUT information

E{\J"alue(]

E Value1 Fout

i

E‘[\l'alurﬂf;

%nnhln”:

N
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NAPAPTHMA A
RS LATCH WITH NOR GATES

Qo1 [0 X |1

Mivaxag AknBeiag

s§ R o |9

00 0 0

00 f Do

0 1 0 0

0 11 |o "™

1 0 0 i

P01 |
10 X netaliowed
111 X

(vt 10 orya T avadpaong Exoupe Ta TapaKkaTw

H hoyiki guvaprnen eive

gav mroUpe om Y = Q rore maipvoups Y =S*R' 4R "y

AMa edv BEcoupe Ta RS =0, rére n Aoyikr owvapmon

yiveraY=S+R'"y

H hoyixr suvapmaon Exppdaleran kar éror:
Qn+1)=S+R"*Qln)

H hoyiki auvaptnon yia 1o KUkAwua ¢ avacUleugng sival
Qnext = (R +Q'current)', Qnext = (S + Qcurrent)

b N
b iyl n

T I.I = {j |"'_ 1‘\ :'f_ _\1\-
n I i |J
e 1N
F .
i b
111 )
i

—
F i "y

{0
S
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RS LATCH WITH NAND GATES

o Y &
L5 [ ] r
—..__._' '_.-._"'-‘ - i 1 :
e O i
I L} 4
N | '+
) 2 o o I J 1 1

o __'_,..lP

§ S | I P
al 1 e o)
R , ) '

‘_i-"- . -‘—\- 5 1

= J J " I .
[ 1INl D] IED
i F % i % J
o _— . 4 . ___F

NAOTKH ZYNAPTHZH Y =S’ + R * y yia Tnv avddpaon Kal yia To KUKAWUaA
ouleugng civar Qnext = (S * Qcurrent’)’, Qnext’ = (R * Qcurrent)’
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Me 1TUAec NOR kair AND

b Lot

H OO RESO S Ol

H B DO O +H = Q 9O

= O = O = O = O3

0
0

1

Megative Status
1
0
1

MNegative Status

Q Q
R s =
P
SR S _
Q0 01 11 10
* 1
1 » 1
S —
=]
Q(t+1)=S+RQ
SR=0
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MINAKAZ A

EIAOZL AOTIKO AOlKH NINAKEZ AAHOEIAZ
MYAHZ LYMBOAQ EZIZQZIH EloodoL  EEodog (F)
1 0
NOT F=A
»> . |
0| 0 0
AND :'_ F = AeB 0 1 0
1 0 0
1 1 1
0 0 0
OR :’_ F=A+B 0 1 1
1 0 1
1 1 1
0 0 0
XOR :I._ F = A®B 0| 1 1
1 0 1
1 4 0
NINAKAZ B
EIAQZ AOlIKO AOIIKH MINAKEZ AAHOEIAX
NYAHZ ZYMBOAO EZIZQIH Eloodol EEodoq (F)
0 0 1
NAND :.._ F = AeB 0 1 1
* 1 0 1
1 1 0
. 0] 0 1
NOR :j e— F=A+B 0 1 0
1 0 0
1 1 0
L 0 0 1
XNOR :ﬂ — F=A®B 0 1 0
1 0 0
1 1 1
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MINAKAZ AAHEEIAZ T F.F.

A/A EIZOAOZ E=0OAOZ E=0AOZ
T FF.

NV
alalolo
|

Al/A EIZOAOL E=OAQL E=OAOX
D F. F . Qn Qn+1

NI ES

MINAKAZ AAHOEIAZ R-S F.F.

A/A EIZOAOI R-S F.F. . EZ0OAOL E=OAOZ
S Qn Qn+1

MINAKAZ AAHOGEIALZ J-K F.F.

A/A EIZOAOI J-K F.F. EZOAOZ | EZ0AOZ
J Qn Qn+1

4 ; I l;;f»:\:
alalolo| | —=|o|o] R

0| NG| nf i | N
b . i

443



ANTQNIOZ MIX MAPATKOYAAKHZ

To select a foundry, click on File -> Select Foundry and choose the appropriate technology in the list.

N-Well
rlol iz
]
nwell wwvell
P substrate
rl0l  Minimum well size - 12 &
rlg2  Betweenwells ;12 &
Diffusion
r201  Minimum diffusion size - 4 A
r202  Between two diffusions : 4 L
r203  Extra well after diffusion - 6 A
r204  Between diffusion and well : & &
03 i
203, P+ &iff { 202 Pt &iff
Fa
~
201
) mwell
1
204
N+ diff
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Polysilicon

r301  Polysilicon width: 2 A

r302  Polysilicon gate on diffne 22 A
r303  Polysilicon gate on diff p+: 2 A
r304  Between two polysilicons -3 4
r30s  Poly v.s other diff diffusion: 2 &
r3oe  Diffusion after polysilicon ;4 &
r307  Extension of Poly after diff - 3 &

nwell

Contoct

rd01 Contact width : 2 &

rd02  Between two contacts : 3 A
rd03  Extra metal over contact:1 i
rd04  Extra poly over contact: 2 &
r405  Extra diff over contact: 1 &
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w403

[l

402

A
>

il comtact

w403 404
=

N=diff

Metal 1

r301  Metal width :3 A
r302 Betweentwo metals: 3 A

301

&
Y
metal 302 metal

—

ot

r601  Via width : 3 A

reé02  Between two Via: 3 A

reé03  Between Via and contact: 3 &
r604  Extra metal overvia: 2 L
r605  Extra metal 2 over via: 2 L

ra0d
3
602
.|
>_< metal?
01
03
contact
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Metal 2

70l
rf02

Metal width: 5 A
Between two metalz - 5 A

ridl

‘metal? 02 metal?

Vio 2

rB01  Via2 width:3 A

ré02 Between two Via2s: 4 4

rg03 Between ViaZ and via : 4 A

ré804  Extra metal? & metal 3 over viaZ: 3 L
Metal 3

01l Metal3d width: 6 L

re02  Between two metal3s ;5 4L

Vio 3

rall Via3 width: 4 A4

ral2?  Betweentwo Viads 64

ral3 Between Via3 and viaZ -6 A

rad4  Extra metal4 and metal3 over via3: & i
Metal 4

rb01  Metald width: 10 &

rb02  Between two metalds: 22 &

Vio 4

01 Viad width -4 L

rc02 Between two Viads - 6 &

rc03 Between Viad and Via3 16 A
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rc04  Extra metald & metal 5 over viad: 6 L
rcid

metal} & metald

T viad

Metal 5

rd01  Metal 5 width: 10 L
rd02  Between two metalss - 4 L

Pods

rp01l  Pad width: 100 pm (lambda conversion depending on the technology)
rp02  Between two pads 100 pm

rp03  Opening in passivation v.s via - Sum

rp04  Opening in passivation v.s metals: Sum

rp05  Between pad and unrelated active area : 20 um
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Emitreda oxediaong

Avwrepo Emimredo

-

Emimedo
QUOTNHATOC

J

| = ( Emimedo

f AoyiKig
@
VD.‘J ‘my
i Emimedo
KUKAwuadaro
Vig _f_r H <
Voo
g PuoIKO
IE emimedo
Ves .

I

P Karaokeun

Katwrepo EMITTESO romoBeTiivrag eSWTEPIKEC NAEKTPIKEC ETTAPEC.

ATtropacilovral ol BaoIKEC AeIToupyieg Tou TOITT. Ta
KUpIO TURHATA TTOU atrapTifouv To oUaTHHA
armeikoviovTal e UTAoK Siaypdppara. Mévo Ta
XOpaKTNPIOTIKA /O eival onpavTikd, Kal eV UTTdpyouv
AETTTOMEPEIEC VI TO TI TTRAYHATIKG UTTAPXEI HEOA OF
KG0g PTTAoK.

Zxediaon Tou AoyikoU SIKTUOU TO OTToi0 aTraiTEITAI
Héoda OE KABE UTTAOK, VIO TV ETTITEVEN TWV
XapakTnpioTIKwV /O 1Tou Xpnoigotroinénkav oto
emimedo cuoTiparog. H é§oboc¢ eivai yevikd otn HOp@n
dikTuo-AioTag (netlist), n otoia eival pia Tepiypagn
TWV AOYIKWY TTUAWY KAl TNE ATTAITOUHMEVNC
BlaoUvdeong yia TNV UAoTroinon Tou oXedlaopou.

To AOVIKO SIKTUWUA HETOOXNHATIZETAI OE NAEKTPOVIKO
KUKAWHA XpNOIHOTTOIWVTAC TpaviioTop w¢ diaTtdEeig

SlakotrTwy. O1 Yneplakég HETABANTEG avatTapioTavral
atod emiTTeda Tdong Tou ahAdfouv pe To Xpovo.

To NAEKTPOVIKG KUKAWHA PHETATXNHATIIETaNI OTNV
084V TOU UITOAOVIOTH O EYXPWHA YEWHETPIKG
oxnfpata XpnoiHomoIwvTac KATaAANAOC AOYIOHIKG.
Kafe xpwpa | oKiaon avamapioTd éva UAIKO, 0TTwG
pétallo, evw Ta oyédia Geixvouv Tov TpOTTO
oXnUaTiopou 3-8igoTatwy Sopwv TpaviioTop Kal T
HETAEU Toug Biaouvdean.

O QUOIKOC OXEDIAOHAC HETAOXNHATICETAI OF
OAOKANPWUEVO TOITT TTUPITIOU TO OTTOi0 PTTOPET Va
OUOKEUQOTEI OF TTAKETO WC TEAIKG TTpoidy,
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TYNMOAOTIO VLSI
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Eafor=pran Elmare sooavelmusms Yo e ©=1-0-L7' 2 | jmacomg

Bosmd oTiysin 7 To Gyeiinepd sopfoiney soppepndroy (stick disgrams) mocopitey CAI0S

LA Miradhe [ Asigpoon Tomaw n o
W Eroo
Ao Timan p 5SS Mok piarabdist mupine
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~— TMHMA HAEKTPONIKHE MIKPOHAEKTPONIKH & VLSI

= TYNOAOTIO VLSI

EAPINO EZEAMHNO "05-°06

(KAMMIA AAMMATH AEKTH)

= + Shockley 1st order transistor models

(

’ 0 V. <V,

o -’/J

* The current at which transistor is fully ON 1,.,:
laser = B2 (Vpp-Vy)2

i

W
= (‘ oL
B=uC, 7

Idsn=Bn(Vin'vln)2/2

Idsn:Bn [(Vin'vm)vout'voulzllz]

Idsp:“' Bp[(Vin'VDD'th)(Voui‘VDD)'(Vout‘
Vop)*/2]

Lisp=-(Bp/2)(Vin-Vp-Vyp )
Vir=(Voot Vgt Vine(k) 2)/(14(k)2)
Voulz(vin'vln)"((Vin'Vln)z'( 1 /k)(vin‘VDD'
th)Z)llz
Vomzvin‘vlp+((Vin‘vlp)2'2(Vin'VDD/z'
Vip)Vop-k(Vin-Vin)?) 12

k=B/B,

NML=|V1Lmax'VOLm.1\:|

NMu=|V onmin= Vitimin|

b W+ V=V +h,
e 1+k

r P DD it VTp * k(2!/onr °k I/fn')

Vi = 1+k

R=(p/t)(I/w)=Ry(1/w)
Ren=k(L/W), k=1/[uCou(V-V))]

Co=esioz*€o* Altox

Cdcp:ESi *EO*A/d

Cgb:Cdcp*Co/ (Cdcp+co)

Cy=CyptCystCya

Amoxom): Cyg=Cioq=0,

C ghzco*cdep/ (C0+Cdep)

I'poppc: Cea=Cos=(1/2)*e,*E5102* Altox,
Cgb=0

172 2787/527/149504

Mn-ypappucy: Cei=0,

Cgs:(2/3)*80*85i02*A/10x
CgZCQ*A =go*esin *A/tox

C=Cyo*[1-(Vy/ V]

t=0.7*RC*n*(n+1)/2
t=0.7*r*c*12/2

L=(w/2m)*In(4h/d)
L=(u/2m)*In(8h/w+w/4h)

t=2[CL/(Ba*Vpp*(1-n)]*[(n-0.1)/(1-n) +
0.5 *In(19-20n)], n=V/Vpp

t=k*CL/( Bn*Vbp), k=3~4, Vpp=3~5V,
Vin=0.5~1V

t=2[CL/(Bp*Vop*(1-p)*[(p-0.1)/(1-p)
+0.5*In(19-20p)], p=IVepl/ Vo

t~k*Cu/( Bp*Von), k=3~4, Vpp=3~5V,
[Vip/=0.5~1V

tar~t/2, tarste/2

tdFAN * CL/Bn
An=[1/(Vop*(1-n))1*[20/(1-n)+In[2(1-
n)'VO]/ VO]: n=vln/ VDD: Vozvoul/v DD

ta=Ap*C1/B,
Ap=[1/Vpp*(1+p)]*[-2p / (1+p)
+n[(2(1+p)-Vo)/Vol, p=Vy/Vop,
Vo=Vou/Vop

tav=(tarttar)/2
te=ZRputidown® ZCoputidorn
tdrzERpuHup*Ecpullup
t=2R*C;

AIAAZKON: HAIAZ N. MAAAMAZ
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* Rule File for CMOS 0.18um

* Date : 18 May 98 by Etienne Sicard

* Date : 27 April 99 By Etienne/Fabrice
* 04 Jan 00 smaller dT

19 Fev 00 STI, Niso, low leakage, high VT
6 May 00 Fit nMOS models

10 Mar 01 vddh 3.3V

20 Apr 01 303 for high volt gates
12 Jun 01 poly2

10 Jun 02 contact via sizes

14 Jan 05 correct level3 pmos

L R B R

NAME CMOS 0.18pum - 6 Metal
*

lambda=0.1 (Lambda is set to half the gate size)
metalLayers = 6 (Number of metal layers : 6)
lowK=39 (inter-metal oxide)

salicide=1 (Enable salicide 1=enable 0= disable)
*

* Design rules associated to each layer
*

* Well (Gds2 level 1)

rl01 =10 (well width)

rl02 =11 (well spacing)

*

* Diffusion (N+ 16, P+ 17, active 2)
*

1201 =4  (diffusion width)

1202 =4 (diffusion spacing)

1203 =6 (border of nwell on diffp)
1204 =6 (nwell to next diffn)

*

* Poly
*

r301 =2 (poly width)

1302 =2 (gate length)

r303 =4  (high voltage gate length)

1304 =3  (poly spacing)

r305=2 (spacing poly and unrelated diff)
1306 =4  (width of drain and source diff)
r307 =3 (extra gate poly)

*
* Poly 2
*

r311 =2 (poly2 width)
1312=2  (poly2 spacing)
*

* Contact
r401 =2 (contact width)

212 2787/527/149504

r403 =2 (metal border tor contact)
r404 =2  (poly border for contact)
rd05 =2  (diff border for contact)
r406 =3  (contact to poly gate)

* metal

r501 =3 (metal width)

1502 =4 (metal spacing)

* via

601 =2 (Via width)

602 =4 (Spacing)

r603 =0 (via/contact)

1604 =2 (border of metal&metal2)
* metal 2 (27)

r701 =3 (Metal 2 width)

r702 =4 (spacing)

* via 2 (32)

801 =2 (Via width)

r802 =4 (Spacing)

r804 =2 (border of metal2&metal3)
* metal 3 (34)

r901 =3 (width)

1902 =4 (spacing)

* via 3 (35)

ra0l =2 (Via width)

ra02=4 (Spacing)

ra04 =2 (border of metal3&metald)
* metal 4

rb01 =3 (width)

b02 =4 (spacing)

* via 4

rc01 =2 (Via width)

rc02=4 (Spacing)

rc04 =2 (border of metald &metal5)
* metal 5

rd01 =8 (width)

rd02 =8 (spacing)

* via$§

re0l =6 (Via width)

re02 =4 (Spacing)

re04 =2 (border of metal5&metal6)
* metal 6

rd01 =8 (width)

rd02 =8 (spacing)

AIAATZKON: HAIAZ N. MAAAMAZX
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Z1aBepog | MpoBepa  Zo0pBoAo | IraBepédc | ZupBoAo | ZUpBoAo
6pog | - 6pog | )
1024 yotta Y 101 deci d
1021 zetta yA 102 centi C
1018 exa E 1073 milli m
1010 peta P 10 micro u
10+ tera T | 10° nano n_
10° giga G 1012 pico p
106 mega M 1015 femto f
103 kilo k 10718 atto a
102 hecto h 102 zepto z
10! deca da 102 yocto y
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Napayopeveg Movadec:

Napayoépevn Movadeg SI

ovoua gupBoAo
Eppado ___ [TeTpaywviko pérpo m2.
Oykog KuBikd pérpo m?3
TaxutnTa N METpo ava deutepdrento m/s
Enrdxuvon METpo ava deut/To OTO TETPAYWVOIM/s?
fovia  |AkTivio (rad) 1rad=1m/m |
FTEPEA ywvia ZTepeakTivio(steradian)sr 1sr=1 m¥m?
lwviakn TaxoTnTa AkTivio avd dsutepdAenTo w=rad/s
FuxvornTa Hz (Hertz) 1 Hz=1/s
AUvapn N (Newton) 1N=1 m*kg/s?
Nicon Pa (Pascal) 1Pa=1N/m?
Evepyeia, Epyo J (Joule) 1J=1N*m
Taxic W (Watt) 1W=1]/s
HAekTPIKO QopTio C (coulomb) 1C=s*A
HAekTpikn Taon V (Volt) 1V=1W/A
HAekTpIK avTioTaon Q(Ohm) 10= 1V/A
HA.aywyiudTnTa S (siemens) 1S5= 101
XwpnTikdTNTA F (Farad) 1F= 1C/V
MayvnTikr por Wb (Weber) 1Wb= 1vs
NukvoTnTa payvnrikig poAgT (Tesla) 1T=1Wb/m?
Enaywyr, H (Henry) 1H= 1Wb/A
AaunpdTnTa L (Lambert) 1L=1Im/(m?*sr)
DwTEIv pon Lm (lumen) 1im= 1 cd*sr
DWTIONOG ENPAVEIQC Lx(Lux) 1Ix=1m=2-Im
EvepyoTtnTa padiokAsidiou [Bg (Becquerel) 1 Bg=s1!
Anoppo@oupevn doan Gy (Gray) 1 Gy =1J/Kg
Looduvapn d6on Sv (sievert) 1 Sv=1J/Kg
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MULTIPLIERS

Value ‘ame Standard
Notation
107" PETA P
ik EXA E
10 TERA T
10° GIGA G
10° MEGA M
10° KILO K
107 > >
107 MILLT m
10" MICRO o
T NANO n
T PICO D
10 FEMTO f
10°° ATTO a
102" ZEPTO z

PHYSICAL CONSTANTS & PARAMETERS

Name Value Description

£ 8.85e 7 Farad/m Vacuum dielectric constant

g 810, 39-42 Relative dielectric constant of 510

g 81 118 Relative dielectric constant of silicon

g, ceramic 12 ] Relative dielectric constant of ceramic

k 1.381e™ J°K Bolztmann’s constant

q 1.6e”™ Coulomb Electron charge

L, 600 V.em™ Mobility of electrons m silicon

L, 270 V.em™ Mobility of holes mn silicon

v 36.5 10" S/m Alummum conductivity

T 4x10” S/m Silicon conductivity

1, 1.02x10 cm™ Intrinsic carrier concentration in silicon at
300°K

D 0.0277 O um Alumimnum resistivity

Y ew 58x10° §/m Copper conductivity

D ey 0.0172 O um Copper resistivity

0 fumestine (W) 0.0530 O um Tungsten resistivity

P or (Ae) 0.0220 O .um Gold resistivity

m 1.257¢" Hm Vacuum permeability

T 300°K (27°C) Operating temperature
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b?b&bﬁ
bbb,b,

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
111

000

NUL
SOH

ETX
EQT
ENQ
ACK
BEL
BS
HT
LF

FF
CR
50
S

001

DLE
DC1
DC2
DC3
DC4
NAK
SYN
ETB
CAN
EM
SUB
ESC
FS
GS
RS
us

010

Kebbikag ASCH

011 100
0 @
1 A
2 B
3 C
4 D
5 E
b F
7 G
8 H
9 l
J

; K
< L
= M
> N
1 0

101

o W R Sl BTl - el B S T - B T B -

110

o

o HER T |

= |Om — o

111

L

P e T o e

DEL
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Kudikog Gray

Aekabikog

ApIOPOS Gray
0 0000
1 0001
2 0011
3 0010
4 0110
5 0111
b 0101
v 0700
8 1100
9 1101
10 1111
11 1110
12 1010
13 1011
14 1001
15 1000
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Kebbikag BCD

AekadIKS

Ynpio

O imiwulsslw i n =

0

BCD
6421
0000
0001
0010
0011
0100
0101

0110

0111
1000
1001
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Aegkabiko Avabdiko
Béon 10 Baan 2

00 0000
01 0001
02 0010
03 0011
04 0100
05 0101
06 0110
07 0111
08 | 1000
09 | 1001
10 1010
1 1011
12 | oo
13 1101
14 | 1110

15 11
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AeKadIKO 2U0TNUA

To dekadikd ocuoTnpa £xel oav Bdaon 1o 10 kai TrepIAapBavel Ta yneia arrd
10 0 w¢g 10 9. MNMapadeiypara:

0 MPaYHATIKOG aptduos 567.824,93 4 ue Baon to 10 avaAvetat wg e€ne:
5%10° + 6%10° + 7*10° + 8%10° + 2*10" + 4*10° + 9*10™ + 3*10”

Auadikd ZUuoTnua

To duadikd ouoTnua £xel oav Baon 1o 2 Kal TTepIAapBavel Ta yneia 0 kai 1.

Mapadeiyuara:

o akEpatog aptduog 10111001, pue Baon to 2 avalvetal we £6ng:
1%2¢ ¥ 070" + 1*2 #1727+ 1% #0"2° +0*Z" + 12
Kol TIPOKELTAL VL& TOV 18519

Agkaecadikod 2UoTnUA

To dekaegadikd ouoTnua £xel oav Baon 1o 16 kal TrepIAapBavel Ta 10 yneia
TOU deKABIKOU evw Ta uttdéAoitTra 6 cupBoAilovral ue A, B, C, D, E, F.

OkT1adIKO 2U0TNUA

Exel oav Bdon 10 8 kai TrepIAapBavel Ta wneia amé 1o 0 —8 (0 — 7).

[Mivakag avTioTolIXiag apiOunTIKWY cucTNUATWY

-Ell e s N Sl R G = | & 0 GO e o s R s = e Ol -

2hwe 0 1 | 10 11 100 101 110 | 111 1000/1001 1010 1011 1100 1101 1110 1111 10000
:1} . 0 1 7 = vl S (- (e Sl e S el L2 ) © 25 s L B 1l )

IE—ELm 128 ol s e S . 6 - 7 g 9 A 8 C o E F 10
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MeTaTpoT1r) OUadIKOU 08 OEKAOIKO

la mopGderypo, o buabdikds apiBuds (1110), avtioToryel aTov dekadikd api-
Ha (14),,
aod: (1110),=1x2"+1x2" +1x2"+ 0x2"=1x8+ 1x4+1x2 +0x1=(14),,

MeTaTpoTT ) OEKAOIKOU GE OUADIKO

Na mapdderypa, o bekabdikds opiBPds (41),, avrioTorxel 010 BabIKG APIBG
(101001), apob:

(41),,=(101001),

4] 2
1|z:} 2

o |10

L

MeTaTpoTr) OskaecadIKoU o€ OEKADIKO

Mapadeiyua:

0 16-6ik0¢ 3ACI 15 sival 0 10-6ik0¢ 15041 40
3*16° + 10%16° + 12*16" + 1*16° = 150415
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MeTaTpotr) dskascadikou o€ OUADIKO

2.€ KABe dekaeCadIKO Wn@io avTioToIXOUV TECOEPA dUADIKA.
Mapdadeiypa:

pioe Tov 16-51k0 apiduo 4ASD s EXYOULIE:

4 OO0
A 1010
5 o101
() 1101

O AVTLOTOLYOGC SUadikoc AoUuTov apiLoc sivat o:
0100101001011 101 3

MeTaTpoTr ) OuadIKoU og OeKAEEADIKO

Edw epappoloupe 1o avtioTpo@o. AnAadr) HETATPETTOUNE TEOOEPA dUADIKA
wnoia og éva dekaegadIkO Yneio, EEKIVWVTAG ATTO TO TEAOG.

Mapdadeiypa:

Eotw o 2-Sixoc apwbuog 100100001110101115. Tov avadvouus o TETPadEC
apyifovrac amd 1o TeAoc:

1-0010-0001-1101-0111
Ie kade TeTpada Twoa avTioTowyel eva 16-01k0 nopio:

1 1
0010 2
0001 1
1101 D
0111 7

Onote, o {nrouuevog 16-6iko¢ eivat 0 1210744
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Abuopara Alyefpag Boole
_ Abiwpa 1. OubéTepa oToryeia
| ) x1=1%x=x B x+0=0+x=x
% Aliwpia 2. hwnpne:"ﬂs-rmﬁ e |
a) xy=yx | P) x+y=y+x
- _ 'AEfmpn 3. Eﬂlpzpnmmﬁ 6T T
a) x (y+2)=(xyl+(x2) Mk ti]_xjr{y-zj={x+ﬂ+(x+z}
Mo TyitpopoNOT) |
a) x'x =0 | Bl x+x=1
Qewpripara Alyeppag Boole
Oewpnua 1.
a) X X=X ': B) x+x=x
Gewpnua 2,
a) x:0=0 B) x+1=1
Gewpnpo 3.
=i iC

Bewpnpa 4. MNpogeTaiploTik BIGTATO

a) xyz=x(yzl=(xy)z | B) x+y+tz=x+iy+z)=(x+ty)+z
~ Ozapnpas. OEWPNHa ATToPPOPNONS '
a) x+xy=x B) x:(xty)=

Qewpnua b, Qewpnpo DE-Mu;éan

@) Xy =X +y B) x+y =x"y
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