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Speed of servo motor controlled by Digital Signal Processing
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Abstract

In modern control systems , in order to manipulate the systems to have the
desired behavior and better stability , various methods are applied to the systems. In this
project, motor control systems are studied. It is desired that the systems have servo
mechanism behaviors. This is done by applying the Proportional-integral methods to the
motors that use the Proportional-Derivative methods for internal controls, and the digital
processing is done by using TMS320c50 as the digital signal processor to control the

systems in order to obtain the desired behaviors.
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2.3.1 Proportional Control (P controller)
INANBIUTUO
m(t) = Ke(t)
Teidn K, \{huein proportionality constant WaA1 gain uszgUuLLTEN
discrete (t = kT ) 3ql4
m(kT) = K,e[kT]
vide mik] = K[k
(Am[k]), = mik] - mk-1] = K (e[K] - e[K-1])
2.3.2 Intergral Control

AN IaN integal control azitlugUuuLLe
m(t) = K,.je(r)dr
0

A - 2 . o X dd . .
e K, it intregral gain N7 integral QUUNYINNUNDYIEUIN e(t) N t
= .\
, lunstinas aunng discrete AxwnNg integral 10235999 numerical Telunng

naaasil AL “ backward rectangular *
k
Kije(r)dr ~ K, ) e[ jTIAL
0 J=t
e At=(k+DT—kT=T

m{kT]= K, ;mm

, 4
vitedtiuangUuu ity

-
nen

4
nit

mkT]= K,Te[kT]+K,k21Te[jT]

j=1

k-1
K, Z}Tetm = m{kT - T]

m{kT]= K, Te[kT)+m[kT - T}

mik]= K, Te[k] = m{k - 1]
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(Amlk), = mlk)-mlk - 1] = K, Te[k]

2.3.3 Pl controller
‘J . . ¥ v
Lﬂugﬂuuwum controller NIINNATDN proportional WAL integral control 1Mt
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m(t)= K e(t) + K, | e(t)t
sUuuuredannas discrete azaunsn@eulilog

1. “first-backward difference equation”

ANgUULL ‘backward rectangular rule” Aununs integral At
; .
K, [e(tydt ~ K, D e[ jTIAT
j=1
k
m{kT] = K e[kT]+ K, 2 el jTIAT
j=1
( WYl
m{kT] = K ,e[kT]+ K,.LTe[kT] — D e[ jTIAt J
j=1

kT - T)= K ,e[kT - T]+ K, kie[ JT]At

tﬂﬂ# K,ie[ﬂ’]AT: er[kT__ T]_m[kT_ T]
i R K, e[kT - T)—m[kT - T7]]
m{kT - T]= er[kT]*'K,'l.Te[kT]—{ €l 711 m T]}J

m{kT] = K ,e[kT]+ K, Te[kT]~ K ,e[kT — T]+mkT - T]
mik1= (K, + K, T)elk] - K ek — 1)+ mik - 1]
2. mMaulasulase output U84 controller

(Am[k)),, = mlk]~mik —1]= (Am[k]) , + (Ank]),
= K, (e[k]— e[k - 1]) + K, Te[k]
=(K, +K,T)e[k]- K e[k —1]

‘dnguannislvsiantiy

mik]= (K, + K, T)elk]1- K elk — 1]+ mik — 1]
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Wiiamasengs ansoldoulivansgiuun fnfuens
M nseenuuuszuLssiaanadtyyinudausuiiaaudu
Fowann Fesmnieinstenu thyednm uasdmingile
THgian
5. unummﬁ'ﬂﬁﬁmuﬂm7:umJ?:mﬂwﬂﬁ’mmﬁmtﬁqLﬂ‘ﬂ i
m"lLmumﬂuﬁﬂﬁﬁmumwmuﬂszmamL'quﬂmumn
ﬁﬂf-‘hﬁmﬁtﬁmmqwnqﬂn?tﬁﬁ'l'ﬁu?ﬂﬂﬁinﬂuﬁutﬂmmu
Ussnnanadtyrynadast 1y 2aaninm wasinsiiadmes
W38N uazAIRdTynYI0s hisiu ATMEN TP aTiA
gegalunsnausinatAmik Falutlaqiudaiipnsinann
Audunain Wesuunmsdszanausdyoynndaaniinnuia
s sratnau 4l Tas iU suaumes RildtygrnanRng
; 1m 1 Mhz e hadafhuszu)ssnsuadyynad
8 fq:'l'ﬁ‘la'iﬁuKryru'lmﬁﬁmmﬁqqqmﬂ?:mm 10 T4 20
Khz Winky
3.1.3 numegusiaetng
aanan1didn foyoyradlusssufdaunnn wudyyinades é’tutmtuziu
avfieunasinilan Aduals Wemsusrlvesgaamg wanidiuh sz
eaufidaiaa vite nenaldduiudtyanadeguinn n'mifud’futmmmmﬁ‘lﬂﬂ?:ma
rnn ludnniznsUssunanadyynadeiat vie medssuasnadyynadasiumion

-
(discrete singnal processong ) 18 i ldssuuninlsvanananinglin 3.1
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Analog signal

P
s 31 sruumalszanansdtygoudeglinulaglderuulssinana
fryoynidaiay
) AJ o ar
WA SH 1 2vasguuazaeAdtyoald e ldiasas AD inmsuwdaathusiaiey
1 U -~ 4 1] 1
Infinila danman ssuuszunsnadtyioadua itudauusssuunegssning A uas B
al o -1 al o v
nendryyrounqeiitudynamgnulsatiufaauuds
) -3 i - :’/ x
agwlsinumnalasudynndglinunidudygyinadaanini luidesusn
] ] v
Fasiimaguiatinanan Tenaad lunisqusatalae iiinWdnyorugodedeyalihiu
noeiinsgusinetin (sampling theory ) 289 wuueM ( Shannon ) na1al¥dn
GJ + < - L ar
“ Fninidygrnadegnnu x(t) A nasulsaiies vive awlnniunia
p o n; - o, " e -4
(power spectrim ) 280TUH unUAMNDURIR Wil f, Ve
f, > 2f, :
../ o ] 4 ' a‘ - ’ -J-‘d’d-‘ -~ »
Taevihlinanaqusnatindaerianud f, = 2f, wail ArANDHNTeGuNI)
< - , 3 3 ] o+
AN uARas ( Nyquist frequency ) Wz ALWIAT T, = 1/(2f,) HFunda 1aaa1gusn
atinalumias (Nyquist interval)
- e J J () - J -
T fiimdendnideamaees Usngnisd bidwdaduneraininainnisga
- » o« J - 1} i ’ J - x
saati 19N ldAud lumsqusiaadng £, unndndn Anudtuadast vse f, Il dow
J U 1 : : [ o o (] o ¥ A [}
azfiAnnnnawinimidiuiusnrusan bildinsmwusdAwiueu ana 14 2.5,
13 -~ :: [} J J L1
vite 5, viTe 10f, 14 druneazituaussnubithudadnidbivensn1iluni
-f o~ ¢ : 3 p ) o ] } v
AN sgusaatwees wrwen aiulddnsdusaatnedygyindlignsies
& r -J v -J - o «f P o 4’ v -l J
el unuANDURIRUIadtyn 0 vite yaamiawil dtygyrnusiesiiuoumanud
UfRnuARsimagusaadale dailunnfane RR I dnyoniminnis
Uszungus gnuszunsusedngnsie TunAumeesszuinlszananaiBausuiiumioy uas
- -8 -l ' a‘o' b %4 o O -‘ - o,
1Baie1 AeenAil 298N0IUAKRAAN (low pass filter ) MiilwiarnuuaunuaatLUHITR

AUIMATYTYInAE
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3.1.4 UNtgNTaNITULaN Z
grnmnfidnaudyoyrnadn i Tawwasn (time domain ) 38 x(0) , x(1)

J < o - 3 v
, X(n) TR WITOTHULNUAIALUAILANNNT

X)) = 2 x(m) O (n-m)

ues SnnEwin maulsaiant Sessd@sudan Fhaiiunas Lo} 189

aunisazle
Xy = L{S XmDr-mT)} wasmiaZli
XD} = 2 X(MT) L{-MT) oo, 1)

4 -’ :: -
e L S(n-m)T} = exp { -mST } dariu fenuwsanisulas Z Ae

LX(nT)} = 2 X(nT) exp(-mST)
X(2) L DTS AT YA W0 A | W )

§ o - 3 o./ J
dla Z Wusunudedew vie Z = exp (-ST) uazlaealar i T = 1 ipsn

X(2)

U - : 3
A53T5 m aeensuLad Z luannistnan wlsAnann -00 fa 00 Akl nnsuas Zz HRedl

J 1 » T 3 - e o
'ﬁﬂﬁ‘ﬁpﬁnamq'ﬂ nan1suUae Z 48997 ( two-side Z-transform ) um'lumqﬂgummun@:

N o o A - Y oa oA ) y -
HuaImU X(m) e m HATNINNAIAUL INTIZATUU RAUTENI1 HansiLad Z 11aea

( one-side Z-transform ) Fatien1&Tae

X(Z) 2 XM ZT oot (3)

asuiuldtnainaunis (1) wez (2) Sudiaseuda nasurlas Z fine nmsdssgne

. A
1 nsudsvanlant iy dtyoyrnunidudansiu e

H
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3.2 TMS320c5X
3.2.1 meazdaalaeiluues TMS 320
mrznA TMS 320 i VLSI Chip #iviuiinfindm DSP (Digital Singnal
Processing ) tsznauludae 16 bit 7iAefiuas 32 bit aeufilgMNMLAZAMNIMNE
anlug el
1. fqemndaiiiauiamegug
nsiuiAMuEiaugu
Ufjumnsldismi

flana¥anainauuuuaunu

o & Db

s biunaiuly
mIzna TMS 320 Gudui TMS 32010 TnEni319 Texas Instrument
tlaqiiulssneusion 5 {u fe
Cix, C2x, C3x, C4x , Chx
3.2.2 Tanafulnodain
4 C5x Ustneusiay  C50., C51 , C53 FaldnaTuladunemsinasas cmos
integrated  Ing/TAanaiaBniifuuuuuain €25 (Aa Inasuiiauen bus &MU Program
memory UAZ Data memory WBNAN memory chip LLé’athﬁ‘qmﬁm"qﬁmnﬁﬁmmju 90159
Wl C5x gnunsavinaudléiiangn 28 MIPS )
£ 3.2.3 ANNANIUE U8 C5x
3.2.3.1 Tﬂi‘qn%’wﬁmﬂuﬂdmﬁoua:ﬂizqnm"l'ﬁ‘lﬁumnnmaﬁu
3.2.3.2 Lﬂu;:p_luuu'umamﬂman?mﬁﬂﬂnuuumtﬁﬂ'lﬁt“i‘wiamm“mm
3.2.3.3 prnoiasanatuladived IC vlsssRvBn ity
3.2.3.4 amnslfendlFhausssatu
3.2.3.5 gan il Algorithm 71 mmﬁquﬂ:mmmﬂ?:ﬂnm"l‘ﬁﬁ’umm%ugq‘lﬁ’
3.2.3.6 Ursudamdaiiiunniu ussiinauiidanafeuen
324 TanafavialUresds Cox
Tasan¥ e TMS 320 DSP Usznavudnadauman Fastelyi]
1. wdenlszananana
2. MwANAT

3. AUNIIFAFRRTELUDN
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Fafinsnannudadn Cox ilaseifindrandetu C25 As filAnaiamne Hardware
fifauiingl bus wendmFumitAnEn uazaau Program V'l')'lﬁmm.f‘]u'“mmﬁ%u
B Cs5x 1uannns 2' complement
M ALU 184 C5x hanisamsdnundaeyia 4 U fnne 32 bit
B ALU A5 word U 16 bit 1N data memory wae TnannAnda
uazi 32 bit a7n mutiplier WeNNT ALU Azl UIRNIMN
men idae
B accomulator AZFLHAGWEAN ALU uasuwiiwsihiidhy input AFIREed
Wun ALU , accomulator fuunaA2ME19 32 bit Wity high order
word ( bit 71 31-16 ) uaz low order word ( bit 7 15-0) lu 1 Adaazgn
WLie 1w high order word WaT low order word Lﬁu‘lﬁﬁ accomulator
buffer 114 memory Fuflumanssiniisamiiaecil buffer 111, 32 bit 1
e
B lunsuontaeld ALU 31 PLU (Parallel logic unit) #wifilaemsalag
iansznui accomulator PLU asinwiiiifusindmnisssiu bit
§ w37 control Armaidagaliinasiants set | test .clear bit Tng
register A0UC
W Multipier Anusanmg 16*16  bit [udnn1ses 2 complement W
NAAWS = 32 bit T 1 sauNIVNU Ussnausadauilszney 3 dau A
sig i}
1. multipier camry
2. product register
3. TREGO ( Temporary register )
TREGO asvmwiiiusas
PROG asmiiiumsifunadng 10en13a0s fauai wnan
data memory , WATFIAN program memory Lﬁﬂ'l‘ﬁ'ﬁ’lﬁ;\! MAC/MACD ,
MADS/MADD 38 511970 MPY Tunsiifidndafiufaniratamnda
B Shifter $i9v0 16 bit \3ausiaRuil ALU Shifter a2 Shift left bit 71 0 -
16 ANANGTR program vite ﬁ?:u‘mu TREG1
B 58S vesnadiviazgninhiiu 0 TunisAl MsBs pradhildia 0 1e

«u sign extented 483 ST1 ( status register )
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3.2.5 DSK BOARD TMS320c50

3.2.5.1 daullsznativan

—

. W DSP TMS320c50 fixed-point DSP

50 ns instruction cycle time

32k-byte PROM (Programmable Read Only Memory)
TLC320c40 ( Analog Interface Circuit )

Stardard RCA connector §73U analog input-output

o o o» w N

XDS510 emulator connector
7. 1/0 expansion bus, &MMFLNNTAANULILINNEUEN

3.2.5.2 aoninenssuniely

annTmenssunigiues TMS320¢50 sznausoatdiudAty 3
g :
B wnioenlszanananan ( CPU - CENTRAL PROCESSING
UNIT)
B winaAaudn ( MEMORY)
T 'J\'I’Q?L"ﬁ‘ﬂuﬁiﬂﬂﬂﬂuﬂﬂ ( PERIPHERAL-INTERFACEING
CIRCUIT)
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Program Bus (Data)
]

— ’
[ PR | iNTe bt INTM }<-[_|MR IS

-

1

r Y
i 4 Y
PASR_|| BR 'Y“._]“ [wemic ] onF | Ram
] I 3 I

|
1
Stmil [ Program Memory J

a319

“ Data Bus (Data) -

——
ﬁ{ TRM I

4 I

TREGO

Y
L Muttiplier —]

EL_E__
PREG(32) I

PM

[ovm[sxm]

X
ALU@2) ] P-Scaler

3 3 1
[Mox ] [Tesa]

AUXREGS
(8 x 16)

5 ,
JUN 3.2 uama internal hardware 189 TMS320¢50
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Expansion ¢
Connector |
- TNS320C50
| § RCA Jack
ggfg?g, Serial Port > lr}:‘tg?flgge " Analog Out
TDM Port TLC32040 RCA Jack
32Kx8 |, | ] A0-A15 ~ Analog In
PROM JTAG
Bootcode N Emulation Port
B —
"
XDS510 Port

14-Pin Header

71171 3.3 uAA9 BASIC BLOCK DIAGRAM 1183 TMS320C50

Q’]ﬂgﬂﬁ 3.3 1u Basic Block Diagram %«mmnm%au‘[w:udm Host-
interface, Analog interface, Emulation interface #aunisfiapianiunsunames\d Port
8Y4N7H RS232 uas PROM 32k bytes ax133q Kemal program &l lunns boot ¥
pin 'ﬂﬂ\;i ¢50 Azl extemal 1/O interface %xi external I/0 interface azLlssnaumng 24
pin header A1U9U 4 77 , 4 pin header UAS 14 pin XDS510 header BENAT 1 6

TLC320¢40 Analog Interface Circuit ( AIC ) sinidinriu TMS320¢50 mel port
81NN UAZ RCA connector 2 67 83U input-output it Analog

TMS320c50 AansayinAnda High-speed arithmetic I¥atinasniialng43anne
UszunauauuLIIWIY ( Parallel Architecture Design )

DSK C50 1w DSP Application Board '7111113';‘1 External memory e 10k RAM LU
In e madmiy Tsunsuariusyuues DSP @2 kemal program azgnussqaglu 32k
8-bit PROM Tt PROM a2 1461311 load wimiis néesanyinnis boot udbisnansnden
il



' 0000h

0800h

0840h

0980h

2C00h

FEOCh

FFFFh

Program

Bootloader,
(On-Chip)
ROM

Interrupt
Vectors

Debugger
Kernel
Program

User’s
Program

External
Space

(B0]

771 3.4 uAm MEMORY MAP 183 DSK C50

0060h

0080h

0100h

0300h

0500h

0800h

0980h

2C00h

FFFFh

Data

Memory Map
Registers

Reserved
by Kernel
B2

Reserved

(80]

B1

Reserved

Reserved
by Debugger
Kernel

User's
Space

External
Space

19

QgL 3.4 uAAY DUAL-ACCESS: RAMDOM-ACCESS-MEMORY (DRAM) B2
gnliffu buffer WL STATUS REGISTER , SINGLE-ACCESS:MEMORY ( SARAM)

3 O - [3 Jf A
4&m5u program uaz data memory  Kernal program agninuuuiuen 0x840h-

038022
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0x980h i1 Kernal program Qn Overwrite Q:ﬁe{mmﬁm Reset Lﬁ‘ﬂ'h:\’ DSK ¥11N"$ Reload
Kemal program Faths Kemal program AgnifiulFlu SARAM Interrupt vector il
AIUMLIEMIN 0x800h - 0x840h An IPTR T PMST luisnansavinnnsurilalel

TLC 320c40 AIC # single channal, input/output,voice-quality analog interface
%aﬁqmﬁnumxﬁqﬁ

B single chip D/A uaz A/D conversion 14 bit W94 dynamic range

M variable D/A uas A/D sampling rate WAY filtering

AIC siadTaamsariu TMS320c50 manafmaynsy TnalFudtyoynanfing 10
Mhz /7n TMS320c¢50

DSK 1ssneudas 6 header 3933 XDS510 header tiagatlun1seanuuLIag
neuen (external hardware ) Ineidtytyndsing ] 189 C50 uaz IC azidausiary header
WanT uaz XDS510 Bl DSK portable XDS510 target system

DSK i windows-oriented debugger 189fa1a4 $avilf Wokun uazuily Software
Fineitu DSK RmsieriuneaRameilnuatdt XF usz BIO\ pin NAUNI RS232 waimay

NIy

IND P edimagnid T )7~ 3 |

| RSBZUGﬁZGere C50DSP |

N2 7 |

R CIRE >° BIO | |

PC/AT : |
Host |(JR(RCVY) ;2 c<} XF |
Async |DTR(/RS) |4 |
Ser GND ] 5 >°—D°— RS |
Port f |

| GND | |

BN |

b |

J d ar
N 3.5 uasenndienliniy PC
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gﬂ*?il 3.6 u@m DSK

3.2.6 ASSEMBLER

uaaimiUae Fiwh A lumsulaWideyanmuesimuuabithiWdnsates

J ' ] 1 o o - o
Vi {70 Fundnet i1 OBJECT CODE dvilinannsmirdioyal fimenlélnense
AOUDALTNILAD DY DSK WULLLNGINITORMUA directive NAUAAINIULB AL TNL ALY
M iaunsonwmuasuniweninssuestlsunsuihuuudntiug Ae Wi ueawasadn
-‘ o o ' -‘ 1l o ° 10 v - :
aae] NamTnnUaAImlniueu A luNeuds i lisidusesilduneusaenis
linker
3.2.7 DEBUGGER
-l o o= ¥ -‘ 173 o ] Y o < '
aunnefiwhinlddeelunmansuniuazuiludedianain error vie bug s 1
J a : ar o ] o '
narsazinatuluiatlsunsy n1svnanueaallsunsuazuLiansine s lugausng ueniu
1 J 1] ] o o [ Jx A o o )
AUAZUNFN(windows) Aesians1E FaAninefasiwiniugninddry un
SINGLESTEP-EXECUTION , BREAKPOINT SETTING uaz RUNTIME EXECUTION HALT

(i



- » H
. -assembler:
i : . source

‘ assembler
g .

U

‘executable;

. file

DSK
target
system

debugger

31Jﬁ 3.7 URAITUNBUMINAIUT SOFTWARE

3.2.8 anumusalunstseandlBluaiued g
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Automobile

Consumer

Adapfive Ride Cohtrol
Antiskid Brake
Cellular Telephone
Digital Radio

Engine Control
Global Positioning
Navig%tion

Vibration Analysis

Voice Commands

Digital Radio/TV
Education Toys
Music synthesizer
Power Tools
Radar Detector

Solid-state Answering Machines

13

General-Purpose

Graphics/imaging

Adapt:ive Filtering
Convolution

Correjation

Digital Filtering

Fast Fourier Transforms
Hilbert Transforms
Waveform Generation

Windowing

3-D Rotation
Animation/Digital Map
Homomorphic Processing
Pattern Recognition

Image Enhancement

Image Compress/Tranmission
Robot Vision

Workstations

=




23

Control

Industrial

Disk Drive Control
Engine Control
Laser Printer Control
Motor Control
Robotics Control

Servo Control

Numeric Control
Power-Line Monitoring
Robotics

Security Access

Instrumentation

Medical

Digital Filtering
Function Generation
Pattern Matching
Phase:-Locked Loops
Seismijc Processing
Spectrum Analysis

Transient Analysis

Diagnostic Equipment
Fetal Monitoring
Hearing Aids

Patient Monitoring
Prosthetics

Utrasound Equipment

Military

Voice/Speech

Image,Processing

Missilé Guidance
Navigation

Radar Processing

Radio Frequency Modems
Secure Communications

Sonar 'Processing

Speech Enhancement
Speech Recognition
Speech Synthesis
Speaker Verification
Speech Vocoding
Voice mail

Text-to-Speech

Telecommunication

1200-to-19200-bps Modems
Adapti:/e Equalizer

ADPCM Transcoder
Cellular Telephone

Channel Multiplexing

Data Encryption

Digital PBXs

DTMF Encoding/Decoding
Echo Cancellation

FAX

Line Repeater

Speaker Phone

Spread Spectrum Communication

Video Conferencing

x.25 Packet Switching

Digital Speech Interpolation




HARDWARE

N17luARBINIIAILANAINEITEY SERVO MOTOR BlainannsénAty - o)
dnaasinmatiaudtygroudhiuiuiiuameinpudadndumisuaanismgsios
o 1 Jv o . - o
ENCODER 1nan?da il uBenniieuriu Set point 1dn udavin Feedback control #9
-n' -t} . < J - <8 « q' ° 2 ol < ' J
doyoradliiRuvTasapnuiiminuitaratemame fiievn Wuaime filauGayinnm
L9 *
fiaanAs
Zan177uANR N ENCODER 4 ENCODER AzANATY YN U UTIBNNBIRD TREN
-« 4 1] - 1] Y
i luges Wadmaud Tumdoesas Wadsiasau tmaziendrygraudauiiliidnggas
. J o -J g [ - o
Counter ( 16 bit Counter ) Avinnsaanuuuly inaulservad Widudiayssanaauuin 16
nudndniArmuns 16 Dntldadhliissnanasialy DSK siely
. o v -
Tlnevinlluds msmanazdadioyadililszinauaiiimsssiaadinsing
ar d‘ J - d 4 1 o ¢
ADDRESS Wiiu DSK dag e CPU azldignedwrnumisnastoyalsignsias wiudi B
1 % o ' - ' -f J ° )
ANNNZTLAUIINNIIMASIUANTA FUA NenataAeaaTin U ssuams udgeaanin
& ¢ X d‘ o 4 .
Whudtynruetnaendni Teludouthinassasabnteulalunisiuen 16 bit Wigndfes
b } 4 o ¥ L7374 73 4 ] ’.', -J ] 1 ¥ - -4‘ ] o
wrznsnaNasfiasidayauinh Address inidinediesian 196198 Teduiuse
az1Bem ludausing q aznasialy
16 Bit Counter
o~ v : v i ] ar o -l
n1sazfudayanImyuain encoder il asfineiineasansdausanivinnuie
B 2399m39RALAAMNNIIUNU
W 294913y
- NAIMTRTUNAN NN
o J o o ’ -~ &
MU AAASLAANIINIIMYUIE motor FEAANINISMIUANLT
RN 138 NaudinuRN ( normal rotation or reverse rotation ) TneIFU input 70
encoder uglueadtyry s AB uasFudtyryrninsinani(clock) 49 Function
Generation
aanuUUNA gl IC TTL 74LS175 972w 1 6 URSZ IC TTL 74L.S156
[3 ¥ ar o - -l o c‘-" [l ) 4 o o
MU 2 fa AMMFLNLAZIBEAY9 IC 2 il ag lumANMINATUNAY daunisinenuues

: o
nssinnanduiapn 4.1
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NEERAN
lbb“:(?l' IVN

TALSITS

4 - -
2N 4.1 uasy HARDWARE msaRduiiAnanimmyu
SRCENT
f o o b AR \ Sy S\
RMETYIL pulse tRaUAARAIMEHT motor iadaunly 5 input A n
wamaudtysyindlugiees normal rotation UAT reverse rotation
3 ar bd ] x
k aanuuunasiagld IC TTL 7418193 Tagnunsaduld 4 siwwnds Tuss aan
- o [l J A b o ¥ ]
wunWaeRnily 16 suvnds wWeld days 16 bit Hdaldiiu TMS 320c50 sald Tumaz
W 1C TTL 7418193 sin cascade A7mau 4 51 dwiuTudaunaniuasaniiudag

Syme 4-Di By Up/Dom Cobor

[

oo

I-
b

74193

74193

D13
14

bl

[

L
74193

1419)

7N 4.2 uamnaniy 16 bit
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s
o
X
g-ae
R
L&
3
5
R
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§mm Emd'ln

FromEncoder A normal rotation
FromEncoder B )2

feyerse rotation
Erem Punction Gen

Reverse 10g { Count down,
on (Cournt 1.

——

12
13

<
JUN 4.4 uamedaudszneunieTuues 16 bit counter

27
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intert; m le ( Transfer ™
nanNN13 139nnsaiaenlalunisdenn 16 bit aan g9 16 bit Counter ‘lugl
TMS320¢50 Tnems Wity afifendeefunissnsres TMS320c50 Fetimndtyni

4 : 3 . o ’ )
NerfauazA Logic NlFlunsgtumumnsedea

ndynoiiniendes Logic
RD\ low
WE\ high
RAM\ high
STRB\ low

Tnasintviavuail Logic gate aaindeuluiesetradienlunisenuen e
e mﬁruru’mﬁ’q?uammﬁemmﬁwuu A Wdadtyyruatnaudenlnaniasziu Logic
high Y38 Logic low A& Tamaneasiiifsanuuy axien RD\ uaz STRB\ a1ty NOR
gate e 1& Logic high 2wt WE\ uaz RW Y a=Wirin Inverter u&21imn NOR it
e W& Logic high udwiearis

uFN1T8198N Logic $radui Faadtyyrnaiien 4 1dudaline wszinsasiasdl
M3#1989 Address Fat $ansazFiemn 16 bit anmeueniiis DSK 1w port Fudfexa
annenantiuds Tnasammalisnnsnild oun 16 port Tngldtmadedn
PAO - PA15 (port0 - port15) Sarimmia'lidl Address agjisiuwmnia 80 - 95 TuinuguAn
Wrasnumia 50 - 5F lutangmAuun dAmiusoaziBensin | 1e3siumis Address
mmmmq‘lﬁ?‘xmﬂumnﬁmdmﬂumwm Address map Ingisnasswmal port M5
fHayailiie port e Taeldiinuun port 0 1l port Fudieya Famslazdadh port 0 Yhuaz
Heaiinn381984 Address WAL port Aansnadas 9 Address Faednadeie sumda

0000 0000 0101 0000 TuieuFILABTNAB port 0 W38 Address 50H 1LY AIRMITN

MSB|14 |13 (12|11 {10| 9 | 8 | 7 | 6 | 5 | 4 31 2 1]1}LSB

0 ojo0lo0jO0}{O|O)|OY}fO}1 01 0{0}0} O
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'
-

Teis1az1h bit 7 7 logic low 8nidu LSB , Sumisi 1, fumiefi 2 uassumiai
3 wHU NOR gate 1iug") iaa¥a Logic high dosnwnisfithy logic high Yufasin
HAY inverter uazAenimdn NOR gate tilaa¥1a Logic high i

wRIMALAN Logic high ma¥adeulatuanianus udh 8-pin AND
gate w‘v"aa%q Logic high tﬁ‘mmﬁrytmmmm&lﬂ Enable 3-Line-to-8-Line Decoder 1
19992181 3 Iusniigalildunnansigaan 000 1 10000000 (81N 3 bit 11 8 bit ) e
ﬁwd’turmru'luﬁﬁ‘lﬂ Enable Octal Bus Transceivers 2 61 Ingiis1as#aanivuaiAnianig
avasdioganun 16 bit #ae Tnensaedawlidnsuniiaie s e DIR 184 Octal
Bus Transceivers 1e31a2 4 Logic fima¥aliudaunlssTemi Ae Logic high #ildann
nsa¥aiienly 18911 4tYeyed RD\, WE\ ,STRB\ uas RW\ 1114 Inverter uaaviiunding

DIRBNA Tnevasiavusiiludagli 4.6

e}
JUN 4.5 usmanwuea Interface module
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Interface Module (Transfer Data to TMS30c50)

pu
i 4.6 ussedauszneunielures Interface module



sl IC Tidenliy

B nverter 14 wef 7404

M NOR gate l4waf 7402

B 3-Line-to-8-Line Decoder 14ua5 74138
B Octal Bus Transceivers lfiuaf 74245

1 A | e ] ) & '4 -~
FaruasBamnaaniudn lLﬂﬂ:[fl'lﬂi‘]Ylﬂ”lﬂNW)ﬂﬁ’f’luMﬂxl
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Unn 5

NMIMAADY A7UNaLAZAITO]
mMmaasstsznavldog 2 daunimaaes satl
-
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5.1 N13ANTZULIEes
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WaAnszuume M agdiniminnuasauama Flini AN
NIINARDY
1. Hn1e@auldsunsy 5uA SETPOINT /nuidianae A/D wasiuan PV( AN
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AUMITBINIAROUA ) AINNANI 16 bit 141g DSK neweimauu
d‘ o - 0
NN FEURLLAN
2. geAMiiaannIsiFauisy SETPOINT Uas PV n4 D/A MN13RTIA
Im

NANIINNABN

Ayey nd QUTPUT - AtyeyntWSETPOINT

o , _4
jp_l-?‘\ 5.1 ugaadtyoynnd SETPOINT UAT HARALIAWAY 1o SETPOINT udtynyind sine
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Atyryny OUTPUT  Atyrypud SETPOINT

917 5.2 uamadtyyins SETPOINT wazHARBUaWsaLHa SETPOINT udtynyieu triangle

wave

fryryrnd OUTPUT - Aeyeyned SETPOINT

. - )
317 5.3 uamsdtyyrnd SETPOINT uazkamauauaiiia SETPOINT udnynyo

rectangular wave
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Flamnamatasn OUTPUT Alasnninfuuidieu A SETPOINT uaz A PV
LaZAFIRAT SETPOINT udn wudnandtyyans QUTPUT aziamunIg

wiasuuacues SETPOINT seisiatiias ludnwourias NEGATIVE
"ﬁqwqﬁn?mﬂm OUTPUT AfimauAsnalaamanisuaenuaque

[] 3 J :o <4 - . c'/
INPUT atipalusiuy Ad mwumﬂ‘uqumn?m'luﬂnumzmq 1o e e

.mmregs
.ps 0080ah
B RINT
.ps 00a00h
.entry
LDP DXR
LAMM IMR
OR  #30h
SAMM IMR
LACC #0E3h
SACL DXR
IDLE
LACC #0E3h
SACL DXR
IDLE

LOOP: IN  30h,PAQ
LACL DRR
IDLE
SUB 30h,3
SACL DXR
IDLE
B LOOP

RINT: RETE

TWrunsuuamanisamuAnuuLdngI



P controller

Processor initialization

Position from encoder

Setpoint from DRR

Err = Kp[ST-PV]

Store data to DXR

Waitting for next
sampling time

o
317 5.4 Flowchart ugAINTATUANILILARRIY
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2. geAnldanninFeuiisuAt SETPOINT uaz PV ( error )
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P-controller

-
3UN 5.5 BLOCK DIAGRAM ugn P-controller
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J 18 0 W : . d
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n12ALANENARFIUTINNLAURANTS

mnaumﬂlmm?muﬂmmud’ﬂdméquﬁu%uﬁn%’aLmu'l,:irfimﬁm
miK] = [(K,+ KT)e[K]] - K,e[K-1]+m[K-1]

miK] = nameLAuesiioa K

e[K] = FrAuRANAATIIEN K

e[K-1] = ANAURANATIIEN K-1

miK-1] = HARBLAUBIAAN K-1

T = Sampling period

ANRNNAAN

= \

cons - ANAYY ( # 0000h )

1)
J =|

K, - ANAINTNEREIY

K=~ - AnAsidBufinga
SET_P - aAtlwmune [ AAumislunsAReun ]
CHECK_ERR - N3N uuadaaA1auianana lun1sAumy
# f800h < ERR < #800h .
CHECK_RU - #innnsfnuuasiiadeasn DXR dlarnunisdmanmaneyauns
uan

#e000h < m[K] < #01fffh



FLOWCHART

Process
Initialization

Initialization
constants &
variables

calculation
E(n-1 )Kp

| ERR =SP - PV

#800h < = ERR <= #800h

calculation
m(n) = Kp e,
Koenq + KTe, +m,

#e000 <= m(n) <= #1fff
mn = mn-1
en = en-1
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wungatnMaF uariAdanaiadaenin WanfFauwisuiunisauauuuudagau

NATAIUINS

motor resulfution = 512 pulse / round

Aaed pulse TidgmemunuilieriuieasasasauiaAng (sneazBanegluEes,

HARDWARE )

512*4

]

2048 pulse / round

360 BNAN

avtii AN184 pulse TBANITIAREUT

2048/360

1l

568 pulse
"’/ ° v o L ] d’ ni Ly L, 4 []
ACUU mmmmm?mqmmLmua'lun'mﬂa@uwTﬂaﬂmﬂ'nm pulse 16\ (i pPS
800h

2048(dec)

= 360 a3y
waTAINANENTn IUNsLTE NN ANATRY D/A (14 BIT) Hfidnng
AN Maximum nWuan = 7ffc h
AN Maximum n9ay = 8000 h

= 32,768 pulse

= 32,768/2048

= 16 38U

1 4
2zl AINFIUNTAMI 16 bit WLINIENBIRMMNA NN T A AR ML

UIRNT 16 78U LATHANIINIUENUIRNT 16 98U LEuiU

3



40

39170iN2IMAaNY

INNITNARBIFN 7] "3\1tﬂun'w‘muqquﬁnﬁuﬂmuﬂLmﬂ?‘ Tudnwousues
POSITION CONTROL Tntimouan@dadouniis wudriiaaumanzanTususing 5 luns
- - o 4!' ar 0 o 1 ajd d. v ]
Usmanana Nz @Ranas 2amsonmaduaAsumianinisudsuudaqly Mietng
1] J - - U - 1) - -n
Faiteq Fednmnussanana Wudneozes SERVO U8ZN1IATLIANULIL Andausinnusu
- e o 73 al «l -‘ .5'
Anfa inWssuuitanasnIngau
=
| TRIAUDUUS
1. RA17041 D/A WAT A/D 2189 TMS320¢50 Tadlaninm 14 Bit wiidn A/D Uas D/A
:’/ o md 1] A A
) uum-mmmauumwﬁmmrﬁ’mm? 18 TMS320c50 "llhhzqnm"l‘i’qm'lﬁ
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1.1 Offset error 484 A/ D LLlaZ D/A
| 1.2 AN span WAL range ﬁLL‘/’T‘ﬁ\i‘um A/D as D/A

1.3 WAN30UN error condition [ chapter 5, Peripherals ,TMS320c5x User's

guide ]
g 2. TMS320c50 fipanamunzanlunsssgnsIdanludnsnizans Pipe line
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; block address

.mmregs
.ps 0080ah
B RINT
.ps 00a00h
.entry
ldpl #0h
Idp DXR
lamm IMR
or #30h
samm IMR
lacl #0e3h
sacl DXR
idle
lacl #0e3h
sacl DXR
idle

cons .set 14h

splk #0000h,cons

Idp #06h
kp .set 4h
ki = .set 5h
k3  .set 6h
set_p .set 7h

lag ar0,#300h
lar arl,#301h
lar ar2,#302h
mar * arQ

splk #0000h,*,arl
splk  #0000h,*,ar0
spm 0

setc ovim



setc
LOOP:
ldp
miar
clrc
It
zap
mpy
spl
lacc
bsar
sacb
ldp
int
lacc
sub
sach
1dp
lacc
Idp
sub
sub
sach
Idp
call
check:
It
zap
mpy
spl
lacc

bsar

sXm

#06h
* ar(

k3,16

#00h
30h,PAO
30h,16
cons,16
13h
#06h

set p,16
#0h
cons,16
13h,16
*,0,ar0
#6h

check_err

kp

* ar()
k3
k3,16



sbb
It
mpy
ap?c
sacb
mar
lacc
bsar
adcb
bsar
sacl
call
out_ru:
lacc
ldp
samm
IDLE
B
RINT: *
RETE
check err:
bit
bend
lacc
sub
sacl
bit
cc
b
check32:
;plk
b

ki
* ar0

15
* 0,arl

check ru

*2.arl
DXR
DXR

LOOP

*0,ar0
check31,ntc
#0£800h
*0,ar2
*0,ar2
*,0,ar0
check32,ntc
check

#0£300h,*,ar0
check



check31:
lacc
sub
sacl
bit*
bend
b

check33:
splk
b

check ru:
bit
bend
lacc
sub
sacl
bit,
cc
b

check42:
splk
b

check41:
lacc
sub
sacl
bit
bend
b

check43:
splk
b

#0800h

* 0,ar2
*0,ar2
*,0,ar0
check33,tc
check

#0800h,*,ar0
check

*0,arl
check41,ntc
#0e000h

* 0,ar2
*,0,ar2
*0,arl
check42 ntc

out ru

#0e000h,* arl

out_ru

#01ffth
*,0,ar2
* 0,ar2
*,0,arl
check43,tc

out_ru

#01£fth,* arl

out_ru
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NAKNWIN N N9 Install Assembler Wax Debugger 85U DSK

hardware AilUsunsisaanns
B BM PC/AT W7a 100% compatible PC w¥andag harddisk uaz 1.2 M-byte
Drive

B witgAudnIun 640 K byte

B alululasu wte & A8 (i WHR )

B iawlas 9V, 911 250 mA viFananngn wiensiag 2.1 mm power jack

connector

B DSK circuit board

M qne RS-232 7l DBO interface & miLsariu WafRsUNINIBNARNRIIT

|| asynchronous RS-232 serial communications link

B VGA vi3a EGA Min awiulfusnanan (s

B siv Disk

Software fifiaanns

W sz1nnlfiiAntz MS-DOS wia PC-DOS(version 4.01 yida tusindn )

B dsk5d.exe Wulsunsu Assembler dsk5a.exe Wl sunsn Debugger

B T lsunsumiuieyusing ) A lfunwseniu DSK board

dnumsfnsieriuAexRame iy qu'l'ﬁ'wm‘mummﬂumqLﬁrﬂ"u Tnerld
AERS232  hwden famazdemmnaseugd nefneunmesnanfiame T
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Female Male

DB25 DB25 Male
13 ol 1 Female D89
25( @ o 1413 o DB9
. ° . . o |5 o ® i1
: : ° 9 81 ® e 6 . ®
e ® > . ¢ ®
[ ] o . * o o o o
o © s o 6] o g .
s o . . e |1 5
o o : :
* o
25| ¢ o
141 2l 2113
Pin Assignments
Signal Name DB25 DBg
Protective ground 1
Transmit data 2 af
Receive data 3 ot
Request to send 4
Clear to send 5
Data set ready 6 6
Signal ground ™ 57
Carrier detect 8 1
Data terminal ready 20 4t
Ring indicator 22 ]

1t These signals are used by the DSK

e
st 0.1 ugansiaNwe fnaynsy sudne DSK il host

TumounsiindeTzuing itnsrauRamas A DSK

Iinmudunausasie

1. Unietaeneuiiomes

2. [Auuany RS-232 AidsiunFssuing itasnaniames fiu DSK (%umaum?
A Y RS-232 L%umu‘lﬁmum'mqﬁwug)

3. 1@#tU A1UPOWER 11m 9 V. inides POWER w89 DSK

4. Weumeaninaremiawaariuin 220 V dantesnauiames

e DB9 sy sary DB25 st

e DB9 s siarfiu DBY iy



. PN3AARY DSK software

WiinaTumaui

1. wdlanawinlfinisdnasn software Auw¥aniu DSK board Se¥as
HlaarunnsiiananalunnsRadain il software @enne

2. &% Directory 3841 dsktools TaelAnds
MD c:\dsktools  [Enter]

3. lduriu Disk NiiUlsunsunas DSK 7 Drive a: udrHAnds
copy a:\*.* c:\dsktoolsiv  [Enter]

4. A wFumsWllsunsu Debugger a0 W file IEiReN 20 file wintulu
naNAzTY feasFasentunenfinmesdae Tnedluud config.sys titeazlai
ey liidla file favindnun ludnesiuld lamsiadennnudnlUAe
FILES=20  3enswf config.sys Yu anaazld editor ARRNATL DOS AIE
TnenidanlAenuds AlMinns boot 1sadluidae

5. Wienaziesansien1dlusunmlu cidsktools s iudaafindonanu
3netinaf autoexec.bat aTidna L computer WILALARBALIAT AR
PATH=C:\dsktools; faumsindanufivnidudaniuda 4

6. dwiFumsl dsksd.exe s dnarmiladtsunsmsanansaiu WaTmaYy
nanlFiniuau wheanaazil device Ausninesmlinauudn 3enraasdacinnsiin
parameter U IUm§smduRinLandt azaamesalnatu fumazass

. Wefm 1 (com1) 1nArMANEY dsksd ¢l viadiPazasewasn 2 (com2)

191921 HAd dskSa c2 usitilild parameter Finti vatLsunsuazdanas
A09 Wa s 1 (com1 ) Winadnhuid udsaInfisen dsksd.exe udadisiiuae

fagl W.2 unsANdIIMIRRsTaLFaauan
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Circuit Board Dimensions

Figure A—1. TMS320C5x DSP Starter Kit (DSK) Circuit Board Dimensions
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Schematic Diagrams
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TYPES SN54ALS02, SN54AS02, SN74ALS02, SN74AS02
QUADRUPLE 2-INPUT POSITIVE-NOR GATES

l D2661, APRIL 1982—REVISED DECEMBER 1983

® Package Options include Both Plastic and
Ceramic Chip Carriers in Addition to Plastic
and Ceramic DIPs

r

® Dependable Texas Instruments Quality
* and Reliability

Jescription SN54ALS02, SN54AS02 ... J PACKAGE

. in four ind dent 2-i NOR SN74ALS02, SN74AS02 . . . N PACKAGE
These devices contain four independent 2-input (TOP VIEW)

gates. They perform the Boolean functions

Y = ArBorY = A'Bin positive logic. vy Uhavee
1Az  13(]ay
The SN54ALS02 and SN54AS02 are characterized 18(]s 12{] 48
for operation over the full military temperature range 2v[s nflaa
of —-865°C to 125°C. The SN74ALSO2 and 2A(]s 1013y
SN74AS02 are characterized for operation from 0 °C 28(s s[]38
to 70°C.’- ano(# af]3a
FUNCTION TABLE [each gate}
PryTs OUTPU.T ’ $N54AL802, SN54AS02 . . . FH PACKAGE
A L. 584 4 SN74ALS02, SN74AS02. . . FN PACKAGE
H x 4 {TOP VIEW}
X H L B ~
NN #1; $xgLx
sgic symbol 3 212018
12) 1B ’ 48
TA———d >1
18— 4 Mw NC NC
& P 2y ¥
16) > 10 5y NC NC
b 2A 3y
- i8)
t " NI 9 10 1312
i 18 1 3 S
[Rk)] NZ2ZZM0M
“® (12 ‘ﬂ" ©
48 —1 NC-No internal connection

Pin numbaers shown are for J ang N packages.



TYPES SH54AL802 SN74ALS[]2 .
QUADRUPLE 2-INPUT POSITIVE- NBR GATES

3

»

absolute maximum ratings over operating free-sir temperature

tange {unless otherwise noted)

L SUPPIY VORBEE, VG + vt v v v mmnnr s B T 7V
inputvoltage . ..... JR T R R e e heen e e e 7V
Operatmg free-alr temperature range: SNSAALSO2 .o vvvvevcrarroosnnasnassananes s -55°Cto 125°C

SNTAALSO2 « oo v ceevnmmma s as et 0°Cto70°C
Storage temperature range . . . . . . feheenes e e e [ . —65°Cto 150.°C
rgcommended operating conditions
* SN54ALS02 SN74ALS02 UNIT
MIN NOM MAX MIN NOM MAX
vee Supply voltage 4.5 5 5.5 4.5 S 5.5 v
ViH High-leve! input voitage- 2 2 v
Vit Low-level input vokage 0.8 0.8 v
oM High-level output current -0.4 -0.4 mA
oL Low-level output current 4 ) 8 | mA
TA Operating free-sic temperature -55 125° [) 70 °C

electrical charact-riitics' over recommenaed operating free-air t

emperature range (unless otherwise noted}

SNS4ALS02 SN74ALS02
PARAMETER. . TEST CONDITIONS \ TN CTYPT  MAX | MIN TYPT_MAX UNIT
ViK Ve = 4.5V, lf = =18 mA -1.5 -1.5 v
VOH Veg = 4.5Vtwcs.5V., oy = -0.4 mA Vee-2 Vee—2 v
; VoL Vo = 4.5V, gL = 4mA 0.25 0.4 0.286 0.4 v
Vee = 4.5V, o = 8 mA 0.35 0.5
Iy - Ve =55V, Vim 7V 0.1 0.1 mA
fiH Ve =55V, Vim 27V 20 .20 HA
i Vee = 8.5V, Vi =04V -0.1 ~0.1 mA
7 0% Vee = 5.5V, Vg = 2.25V -130 -112 | -30 —112 | mA
IcCH Veg = 5.5V, Vi=0V 0.86 2.2 0.86 2.2 mA
lccL T Vee =55V, Vi= 45V { 2.18 4 2.16 4| ma
TAR typical vaiuss are st Vog = 5 V. Ta= 25°C. -
2 The output conditions have been chosen to produce 8 current that closely spproximates one het' oT'the true shon-circult outpint current, los.
switching characteristics {sse Note 1)
Ve = 4.5V t0.8.5V,
Cy = 50 pF. .
' FROM TO Ry = 5009,
PARAMETER {INPUT) {outPuT Ta = MIN to MAX U
SNG54ALS02 SN74ALS02
MIN ° MAX | MIN MAX
TPLH: AorB Y 3 14 3 12 ns
tPHL AorB Y 3 11 3 10 ns

f!OTE 1: For ioad citcult and voitage weveforms, see page 1-12.




TYPES SN54AS02, SN74AS02
QUADRUPLE 2-INPUT POSITIVE-NOR GATES:

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

SUPOlY VORBGE, VG « v« v v v v vrereectnnnssaseessenamnese s tersens sssocmsssss P 7V
INDUEVORAGE o o v ovvnvaeos e msanasa e e e e v

== Qperating free-air temperature range: GNBAASOZ ..o viie i cir e e ~-55°Cto125°C
SNTAASOZ . v ooee e ia e "..0°Cto70°C

Storage temperature range . . . <« - s e e revesnc s st eeos e e e e

tecommended operating conditions

SN54AS02 SN74AS02
MIN NOM MAX MIN  NOM MAX UNIT
* Ve Supply vahage 4.5 5 5.5 4.5 5 5.5 \
VIH High-level input voltage . 2 2 - Vv
Vit Low-ievsli input voitage - . 0.8 . 0.8 \'
10H High-lavel output current * -2 -2 mA
loL. Low-level output current 20 20 mA
TA Operating free-air temoerature ~55 125 2] 70 °C

electrical characteristics over recommended operating free-alr temperature range (unless otherwise noted)

SN54AS02 SN74AS02
PARAMETER TEST CONDITIONS N TYPT MAX | MIN TYPT MAX | UNIT
ViK Ve = 4.5 V. = —18 mA -1.2 -2l v
VOH Vee = 4.5Vw056.5V, lgy= —2mA  |Vee~-2 Vee-2 v
VoL - Vee =45V, loL = 20 mA 0.35 0.5 0.35 0.5 v
[} Vec = 5.5V, Vi=7V 0.1 0.1 mA
] Vee = 5.5V, V=27V 120 . 20 pA
(T8 Vee = 5.5V, Mim 04V . =05 -0.6 | mA
o} Vee = 8.5V, Vo =225V -30 -112 | -30 -112 mA
. ICCH Vee = 5.5V, V=0V -3.7 5.9 3.7 5.9 mA
lccL Vee = 5.5V, .Vj= 485V 12,5 20.1 12.5 20.1 mA
tAR typicel vahses sre at Ve = 5V, Ty = 25°C. -
$The output conditions have been chosen to produce 8 current that closely approximates one hatf of the true short-circuit output current, 1og.
switching cheracteristics {see Note 1)
Ve = 4.5Vt85V,
Cy = 50 pF,
FROM T0 RL = 500Q,
PARAMETER (ANPUT) {OUTPUT) Ta = MIN to MAX NI
SNS4AS02 SN74A502
MIN MAX | MIN MAX
t1PLH AorB Y 1 5 1 4.5 ns
TPHL AorB . Y 1 5 1 4.5 ns
7

NOTE 1: For losd circult #nd voltage wavetormas, see page 1-12. .




TYPES SN54ALS04A, SN54AS04, SN74ALSUAA, SN74AS04

"HEX INVERTERS

02661, APAIL 1982 —REVISED DECEMSER 1383

° Pac;(age Options Include Both Plastic and

Ceramic Chip Carriers in Addition to Plastic
and Ceramic DIPs

e Dependable Texas Instruments Quality

and Reliability

descriptidn

Thesa devices contain six independent inverters.
They perform the Boolean function Y = A,

The SNS4ALSO4A and SN54AS04 are character-
ized for operaton over the full military temperature
range of —56°Cto 1 25°C. The SN74ALS04A and
SN74AS04 are characterized for operation from 0 °C
to 70°C.

7 FUNCTION TABLE

(each invetter)
INPUT OUTPUT

A Y

H L

L H

Jogic symbol

1a i I 2 .y
24 31 14) v
At | ) .
4A 191 {8} ay
sa {11} {30} sy
a1 o2

Pin numbers $hown sre for J and N packeges.

SNS4ALS04A, SNS4AS04 . . .-J PACKAGE
SN74ALSO4A, SN74AS04 . . . N PACKAGE

{TOP VIEW)
1A Usaidvee
1Yz 13036A
2z zldeY
2¥Qs 1fJsA
3A[s. wflsY
3Y[le ojaa ..
GND[]7 84y

SN54ALS04A, SN64AS0O4 . . . FH PACKAGE
SN74ALSO4A, SN74AS04 . . . FN PACKAGE
(TOP VIEW]}

Q
(&
>
-
2019

> U <
- - Z ©o
- o 4 o 4 55 0
3 21

2A ()4 18] 6Y
NC[s 17[J NC
2y {]e 16 (] 5A
NC[17 15[ NC
3alls 14 [} 5Y
9
> Q>
mgzv—.r

NC—No intarnat connection



TYPES SN54ALS04A, SN74ALSDAA.
1EX INVERTERS

absolufs maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage, Ve . .
Inputvoltage ... ... e e

Operating free-air temperature range: SNS4ALSO4A . .. ... .......... e e ~55°Cto125°C
- SN74ALSO4A ... ....... e e it e e e, S.0°Cro70°C
Storage temMperature raNGe . . . . vttt ettt e ~65°Cto 150°C
recommended operating conditions K
'
SNE4ALSO4A SN74ALS04A UNIT
MIN NOM MAX MIN NOM MAX
vee Supply voltage 4.5 ) 5.5 4.5 5 5.5 v
ViH High-level input voltage . 2 2 \
Vi, Low-love! input voltage . 0.8 0.8 v
oK High-iavel output current Y ~0.4 -0.4 mA
oL Low-lavel output current 4 8 mA
TA - OQoerating free-air temperature ~-58 125 0 70 °C

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

N
SN54ALS04A SN74ALS04A

‘ PlARAMETER TEST CONDITIONS MIN_ TYPT  MAX MIN_ TYPT  WMAX UNIT
ViK Vee = 4.5V, I = ~18 mA -1.5 -1.5] v
VOH 4 Ve = 4.5Vt 55V, gy = 0.4 mA Vee=2 Vee-2 \'
v Vee = 4.5V, ot = 4 mA 0.25 0.4 0.25 0.4 v

ot Ve = 4.5V, oL = 8 mA 0.35 0.5

[} Vee = 5.5V, Vis 7V : 0.1 0.1.{ mA
™ ' Vee = 5.5V, V=27V 20 20 | uA
it i Vee = 5.5 V. V) = 0.4V ~0.1 =-0.1 ] mA
ot ] Veg = 6.5V, Vo = 2.25V -15 -70 | -15 =70 | mA
IcCH i Vee = 5.5 V, Vi= OV, 0.65 1.1 065 1.1 | mA
lccL : Veg = 8.5V, Vi=4.5V 2.9 4.2 29 42| mA

*AN typical vaives sre 27 Voo = SY. T, = 25°C,
2 The output conditions havs been chossn to produce » current that closaly spcroximates one half of the true short-circuit outsut current, los.

switching characteristics (see Note 1)

‘ Voo = 4.5Vt056.5V, ]
P CL = S0 pF, i
| FROM 10 . Ry = 500 Q,
PARAMETER | {INPUT) {OUTPUT) Ta = MIN to MAX UNe !
! SNE4ALSO4A SN74ALSO4A
MIN MAX | min MAX
PLH A Y 3 14 3 1] s>
IPHL A Y 2 12 | 2 8 | %ns

NOTE 1: For losg cicunt and voitage waveforms, ses page 1-12.



TYPES SN54AS04, SN74AS04
HEX INVERTERS

T
absolute maximum ratings over opemting tres-alt temperature range {unless otherwise noted)

Supply voltage,VCC -« - v e v e e et et es e PO 7V
INPUEVORBEE « o v« « e e envve s emnnnssmanmnosssaaansns e onees FR N 7v
Opera‘t'ing frea-air temperature ranga: SNB4AS04 . ... ... Ll e -55°Ct0125°C
) SN74ASO4 . ......... e s .. ..0°Cte70°C
Storage temperature range . . . . . v oo esav oo et et e e .- —66°Cto1 50°C
recommended operating conditions
SN54AS04 SN74AS04 UNIT
MIN NOM MAX | MIN NOM MAX
Vee Supply voltage : 4.5 5 5.5 4.5 s 5.5 v
ViH High-lavel input vohage 2 2 \'
Vit Low-level input voltage 0.8 0.8 v
ion High-level output current -2 -2 1] mA
| ot tow-level output current 20 20 mA
| a Operating fres-air temperature -55 125 0 70 | °C

oloctﬂgdl characteristics over recommendad operating free-air temperature range (unless otherwise noted)

~Fi . R SN54AS04 SN74A804
“PARAMETER TEST CONDITIONS e e ek N
' Vi Vee = 4.5V, i = ~18 mA -1.2 -1.2 v
* VOH Vec = 4.5V1085V, gy = ~2mA Vee-2 Vee-2? v
Vou Veg = 4.5V, oL = 20mA 0.35 0.5 0.35 0.5 \
h Vee = 5.5V, Vi= 7V 0.1 0.1 mA
Y] Ve = 5.5V, V=27V 20 20 pA
o Ve = 5.5V, V=04V -0.5 ~0.5 | mA
lo$ Veg =58V, Vo = 2.25V -30 i -112 | -30 -112 | mA
lccH Vee =565V, Vim OV 3 4.8 3 4.8 mA
‘ccL vee = 5.5V, Vi= 45V 14 26.3 14 28.3 mA
TAY iyplest valuos are 8t Veg = 5V, T4 = 25°C.
2 The eutput conditions have been chossn 1o producs a current that closely aoproximates one halt of the true short-circuit outout current. Igs.
switghing characteristics {see Note 1}
Ve = 4.5Vto55V,
Cp = 50 pF,
FROM TO R = 5002,
PARAMETER (INPUT) (OUTPUT) Ta = MIN to MAX NI
SN54AS04 SN74AS04
MIN MAX | MIN MAX
tPLH A Y 1 6 1 5 ns
PHL A Y 1 4.5 1 4 ns

NOTE 1: For joad circult and voltage waveforms, see page 1-12.

s R



54156 /74156 Dual 2-Line-to-4 - Line Decoder /Demultiplexer with Open=- Collector Output

sbsolute maximum ratings over operating free-air tempe-ature range

"i56, LSIS6 2LMETOLLUNE 6€COO€R OR 1.LINE-TO-4.LINE DEMULTIPLEXER

Schottky TTL HighSpeed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Ot Tyt oo Ty et omice Ton [ omde Tpa e Lomsen e ]
T, N 0 v |SNSLSI5E I | wgISNSaISE S Wt . 1]
. T . T 1 T Tsnwuasiss N SN 5% 3 N [N
FARCHILD ] e, S ik
MOTOROLA - e - - 0
TN — L —
PHILIPS Lt —— e e ——
SIGNETICS ———- T TS N . S—— i e—
SIEMENS — N NN A T ]
FUJITSU i i —— ; ——
HI TACHI f . ' i : ‘ ‘ DT S156 - % —TgTarss 3P :
MITSUBISH L : DI PT: —
NEC ! I : 2P 821356 O:J¥
TOSHIBA e s ] T
Electrical Characteristics SNS4LSI156/SN74L.S156 - Function Tables ’

Sucply voltage. Voo T IV |Ooeratwg ires-aw | SHS4LS | —55" LS S S L) T - L1 SR TNAUTY ouTEuTS
Incut voitage ' ) ™ l;mllw! renpe | swyLs TC to 0c SELECTY STAOBE, DATA SELECTISTROGE DATA e
3 [ + & ¢ N
¥ i Storage temoeratwe range !—GSC to 150C : : E '_ T " IZO .:. ':, .:’ : : ‘ ? ? z:o t:‘ ::‘ ,:’
¢ recommended operating conditions WAL S M. kR s LoroIo:
An g i LS ol AL ) “ L P PR "
I SN54LS156 SN74LS156 | T iy g L MowL L A = a0
MIN 'NOM MAX;MIN NOM MAX URIT| |« * « « ¢ L) X 4 X 1 s “ e
* Suoply woltage. Voo IES] 5 5% 4T3 5 325V
High-level output voltaga. Vou . 53 .51V
Tow-levsl Sutpal Current, TOL < i T TR 156. L5156 2LINE.TOBUNE DECODER OR ! LINETOA-LINE DEMULTIPLEXER
Cperating free-ar temporatwa, T4 | ~35 125 3 01! °C INPUTS i OUTPUTS
olectri.cal characteristics over recommended operating seLECT STROBE i i o 3w s e
free- air temperaturs range OR DATA ,
PARAMETER & T TEST CONDITIONS T MIN TYP § MAXUNIT] Sv 8 B (T9E THEvo z:' 2:2 2:3 |:o ':' ::z Y3
Vin  Fgh el wout vohage | 2 v :t 4 : z:_,.. Y :
Vi Uow-levsl wpot voitage | .8 v {0 )Y, MW OH OH O OH K R
Vi . Input clamp voltags IVGe =MIN, I} m —1gmA ~1.5¢V I A\ L
=TT e - L Kt L H M L K H A H N
oM Mighevel output cumeet | CC ’ THIZ % 100 | ua L M Mt L IH H H L H W OH N
Vi =0.8V, VO =5 5V | H
Vog =M T W oL U L o jH M H M L K H M
VoL Low-tew output witege . 235 0.8l v Mo M. oL b M M M WM ML M ow
Vi =08V, 1oL = 8ma ; l [ | I
(Ve — - L e L L I T T T M
N 1oput voltage~ ’Vcc-‘M.Ax. Vi=o o..rznml' !u H o oM: L W M om Mow ow WL
LTT] Highleval: inout current Vo mMAX, V) =2.3v 26 wA <L minputs (C and 2C connected together
1 Lowievl gt corrent VoG =MAX, V) =04V Z0.4 A fQ mwnouts 1Q ana 20 connected together
- M whigh level, L wiow lavel, X =relavant
toc  Supply ourrent [YCC =MAX, | SNS4LSIS6 X 06 A X
i Sae Note 2 . SNYILSiSE 5.1 TH Functional Block Diagram
tPLH | trom A, 8, 2C, 10, or 26 2 iVgg =5V. EERCIED ) " .
TPy 10 evtput Y 2 1Ta =23C, 34 1] oe m-‘:u 2 r‘_j__:a':"wv
tPLH ! - JLEVELS 3 iCL =i%eF, 3t 1§) ns e
mlln‘\u Bmanp;tY _ 1OF LoGIC T'?Rn..-z-n _——54_—;1—17 a:. ol | l "'“::v‘ql
et Sl Ll
,P“—“ilmmlc 10 cutpt Y 3 1Ses Note 3 32 i ) -~
orL 3 32 t8ies --I':J:_}-"‘ﬁ?"
. R ] wr ¥
Pin Assignment (Top View ) - |
% outsy
M 1 vy
1 =
Bl
:u.lcv__1> D t
Lt ¥ ooyt
I e
!
g =R
x e
- "mm ! 1 ouur
o Dokt
. 156, L5156 DUAL 2UNE-TO-44INE DECODER/DEMATIPLEXER
3 _ NOTE 2: 1GC s measwred with autputs cpen. A, B, and 1 C inputs ot 4.5V, and 2C, 1G,
. Ppositive Jogie: sre function tidie and 26 nouts groursed.
tFor conditons shown as MIN or MAX, use the appropr velue fred undar d i

SAIL typoal veluse we at VoQ =5V, To 25T,
SIPLH g Propagation delay uma, low- 1o~ gh tevel  outpet
IPHL x propaganon deley ttme. high 1o- low Hevéd output



TYPES SN54ALS174, SN54ALS175, SN54AS174, SN54AS175
SN74ALS174, SN74ALS175, SN74AS174, SN74AS175
HEXJQUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR

02661, APRIL 1982 —~REVISION DECEMBER 198L

R . SNS4ALS174, SN64AS174 . . . J PACKAGE
.® ‘ALS174 and ‘AS174 Contain Six Flip-Flops with SN74ALS174. SN74AS174 . . . N PACKAGE
Single-Rail Outputs N (TOP VIEW)
® 'ALS175 and ‘AS175 Contain Four Flip-Flops with R Uield vee
Double-Rail Outputs 12 si}sQ
o Buffered Clock and Direct Clear Inputs 10[]a  1af] 6D
20[Ja 13(] 5D
e Applications Include: 2a(ls 2] sQ
Buffer/Storage Registers 30(ls 1n1[]aD '
Shift Registers 3a]7 o] 4Q
Pattern Generators GND (s 9[] CLK
© Fully Buffered Outputs for Maximum Isolation from SN54ALS174, SN54AS5174 . . . FH PACKAGE
External Disturbance ('AS only) SN74ALS174, SN74AS174 . . . FN PACKAGE"
® Package Options Include Both Plastic and Ceramic (T:P "'ES"
s Chip Carriers in Addition to Plastic and Ceramic DiPs o & Q é.’ g

3 2 12019

»® Dependable Texas Instruments Quality and Reliability

description

These monolithic, positive-edge-triggered flip-flops utilize TTL
circuitry to implement D-type flip-flop logic. All have a direct
clear input and the "ALS175 and 'AS175 feature complementary

H

outputs from each flip-fiop. 9 10 111213
Information at the D inputs meeting the setup time requirements .97 % (2) é 9,
(&)

is transferred to the outputs on the positive-going edge of the
clock pulse. Clock triggering occurs at a particular voltage level

and is not directly related to the transition time of the positive-
going puise. When the clock input is at either the high or low
level, the D input signal has no effect at the output.

These circuits are fully compatible for use with most TTL circuits.

The SN54ALS174, SNS54ALS175, SN54AS174, and
SN54AS175 are characterized for operation over the full military
temperature range of ~55°C to 125°C. The SN74ALS174,
SN74ALS175, SN74AS5174, and SN74AS175 are character-
ized for operation from 0°C to 70°C.

SNS4ALS175, SN54AS175 .

SN74ALS175. SN74A8175 . . .

{TOP VIEW)

. J PACKAGE

N PACKAGE

. SNS4ALS175, SNSAAS175 . . . FH PACKAGE
SN74ALS17S, SN74AS175 . . . FN PACKAGE
(TOP VIEW)
et Q
ClaQ OO
FUNCTION TABLE At e
{EACH FLIP-FLOP} 32132019
! INPUTS QUTPUTS
ClR Ctk D | @ ar
C x x| U #n
H t H|H L
Hoot L LM 9 10 111213
H L Xx|og T

L

T ‘ALS17S5 and ‘AS175 only

NC ~ No internal connection,
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TYPES SN54ALS138; SN54AS138;"SN74ALS138: SN74AS138
3-LINE TO 8-LINE DECODERS/DEMULTIPLEXERS

D2661, APRIL 1982-REVISED DECEMBER 1983

®
I

]

Designed Specifically for High-Speed Memory
Decoders and Data Transmission Systems

incorporates 3 Enable Inputs to Simplify Cascading
and/or Data Reception

Package Options Include Both Plastic and Ceramic
Chip Carriers in Addition to Plastic and Ceramic DIPs

Dependable Texas Instruments Quality and Reliability.

Jescription

The *‘ALS138 and *AS138 circuits are designed to be used in high-
performance memory-decoding or data-routing applications
requiring very short propagation delay times. In high-performance
memory systems these decoders can be used to minimize the
effects of system decoding. When employed with high-speed
memories utilizing a fast enable circuit, the delay times of these
decorders and the enable time of the memory are usually less than
the typical access time of the memory. This means that the
effective system delay introduced by the Schottky-clamped
system decoder is negligible. ’

The conditions at the binary select inputs and the three enable
inputs select one of eight input lines. Two active-low and one
active-high enable inputs reduce the need for external gates or
inverters when expanding. A 24-line decoder can be implemented
without external inverters and 8 32-line decoder requires only one
inverter. An enable input can be used as a data input for
demuitiplexing applications.

The SN54ALS138 and SN54AS138 are characterized for
operation over the fuil military temperature range of ~55°C to
125°C. The SN74ALS138 and SN74AS138 are characterized for
operation from 0°C to 76°C.

logic symbois (alternatives)

SNS4ALS138, SNS4AS138... . J PACKAGE.
SN74ALS138, SN74AS138 . . . N PACKAGE

{TOP VIEW)
A UssPd vee
82z sQdvyo
cs 1advs

G2aJa  3dv2

G28[0s 12{]v3

Gt [0s nllvs
y7 07 1wdvys

GND (s sllve

~

SNS4ALS138, SNS4AS138 .. . FP:I\,PA‘CKAGE
~

SN74ALS138, SN74AS138 . . . FN PACKAGE

{TOP VIEW) :

NC—No intemal connection

BIN/OCT OMUX 2
UL P o vo A N LRV
a2 1, 1ty a2 o i SRALIRW
] ? 1
.20 Ipm——v2 ct2 |, Py LAWY
Py L a2y
L tun
o 4] Y4 v
612 19 12 o
1@ 51 s - sp———vs
T2A ———mtd EN sk {8) ve G2A—— o 6 19). v&
. (5) [12) {5) N
G2 I v G28 i . L.
‘ b}

Pia numbers shown are for J and N packages.



TYPES SN54AS138, SN74AS138

3-LINE TO 8-LINE DECODERSIDEMULTIPLEXERS

recommended operating conditions

SNE54AS138 SN74AS138 UNIT,:
MIN NOM MAX MIN NOM MAX 2
Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 Vi
Viy High-level inout voltage .. 2 2 V)
s Low-level input voltage 0.8 0.8 v
IOH High-level output current -2 42| maA.
oL Low-level output current 20 20| mA .
1 Ta Operating free-air temperature -55 125 0 70 o

electrical characteristics

over recommended operating free-air temperature range

{unless otherwise noted):

SN54AS138 SN74AS138 ]

PARAMETER TEST CONDITIONS N TYPT MAX | MIN_ TYPT  MAX UNIT |
ViK Vee = 4.5V, I = ~18 mA \2
VOH* Vee =45Viw55V, Igy = ~2mA Vee-2 Vee-2 v
Vo Vee = 4.5V, foL = 20 mA 0.35 0.5 0.35 0.5 v
N Vee = 5.5V, T V=7V mA
I vee = 5.8 V. Vi =27V A

T8 Vee = 5.5V, Vip = 04V mA ¢,

Y Vege = 5.5V, Vo = 2.25V -30 -112 | -30 -112 | mA |

Icc vVee = 5.5V 13 13 mA |

Tan typicat vatues are at Voo = S V. T = 25°C.

S¥he oumut coraions Nave Ceen chosen to produce 3 current that closely aoproximates ons half of the true short-circwit output current. igg.

switching characteristics (see Note 1)

Vee = 45V iS55V,
Cp = 50 pF,
R FROM TO RL = 5650,
AMETER uNIT
PAB& {INPUT} (OUTPUT) TA = MIN to MAX
SNS54AS138 SN74AS138
MIN TYPY MAX MIN TYPT MAX
. 5.6
tPLH A.8C Any Y 5.8 ns
tPHL 6.1 6.1
- 5.8 5.8
PLH Enable Any Y — as
PHL 5.5 3.5

Al tyoscat values are a1 Vo = 5 V. Ty = 25°C.
NOTE 1: For 1080 circuit ard voitage waveforms, see page 1-12.



TYPES SN54ALS138, SN74ALS138
3-LINE TO 8-LINE DECODERS/DEMULTIPLEXERS

—

recommended operating conditions

F- SNS4ALS138 SN74ALS138 UNIT
MIN  NOM MAX MIN  NOM MAX
vee Supply voltage 4.5 5 5.9 4.5 5 5.5 v
VIH____ High-tevel input voltage C 2 2 v
ViU Low-level input voltage 0.8 o8 f.v
- I0H High-level output current -0.4 -0.4 mA
oL, Low-level output current 4 8| mA
TA Operating free-air temperature ‘ ~-55 125 0 70 °C

electrical characteristics

over recommended operating free-air temperature range (unless otherwise noted)

SNS4ALS138 SN74ALS138
PARAMETE| TEST CONODITIONS UNI
METER . MIN_TYPT Max | MIN TYPT MaAX i
Vi Vece = 45V, I} = -18 mA: -1.5 -1.5 v
VoH - Vee = 4.5Vt 55V, igy = ~0.4 mA Vee-2 Vee-2 v
v Vee =45V, . ot = 4 mA 0.25 0.4 0.25 0.4 v
oL Vo = 45V, oL = 8 mA 0.35 05
I Vee = 5.5 V. Vi=7V 0.1 0.1 mA
Iy Vee = 5.5V, V=27V 20 20 A
TR Vee = 5.5V, Vi=04V -0.1 -0.1 mA
lo* Vee = 5.5V, Vo = 2.25 V -30 =112 | ~20 -112] mA
ice Vee =55V, 5 10 5 10| maA
Tl typical values are at Vo = 5 V. Ta = 25°C.
‘The output concrtions have been chosen to produce a current that closely approximates one halt of the true short-citeuit outout current, los.
switching characteristics {see Nute 1)
Vee = 4.5Vt 5.5V,
Cp = 50 pF,
FROM TO Ry = §CO0 0, -
UNIT
PARAMETER UNPUT) (ouTPUT) Ta = MIN to MAX
SN54ALS138 SN74ALS138
MIN MAX | MIN MAX
tPLH 5 27 6 22
A, 8, Aay Y as
tPHL N > 5 22 | 6 18
B 4 20 % 17
PLH Ensble Arny ¥ = 5 : 5 ns
. WHL 5 0 3

NOTE 1: For 108d circuit and voitage waveforms. see page 1-12.
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YPES SN54ALS138, SN54AS138, SN74ALS138, SN74AS138

3-LINE TO 8-LINE DECODERS/DEMULTIPLEXERS

logic diagram { ositive logic}

( 3] N
A
— " | 114)
1 A4
p My
SELECT s 2
INPUTS — .—1_>—“z|—- v3
] (11 va
3
L < (3) N
: Lo ve
= 91 e
G2a a | 2l ¥7
enaete J G28 1 “
INPUTS 151
16)
G
'y Pin numpers shown ace for J and N packages.
FUNCTION TABLE
ENABLE SELECT OUTPUTS
INPUTS INPUTS
Gl G2° [ 8 A Yo Y1 Y2 Y3 Y4 Y5 Y6 Y7
X H X X X H H H H H H H H
L X X X X H H H I H H H H
H t L L L L H H H H H H H
H L Lt . L H H L H H H H H H
H L L H L H H L H H H H H
R H t L H H H H H L H M H H
H L H L L H H H H L H H H
H L H L H H H H H H L H H
H L H H L H H H H H H L H
H L H H H H H H H H H H L
*G2 = G2a-G28

absolute maximum ratings over operating free-air temperature range {uniess otherwise noted)

SUPPIY VOIBGE, VO -+ vt ceoa e tree it am e s aeeesseneiaetataeesacaaaas oot
T T T2+ 1< 1 1= I e R
-55°C to 125°C

Operating free-air temperature range: SNS4ALS138, SNS4AS138
SN74ALS138, SN74AS138

Storage temperature range

DATA
OUTPUTS

7V

0°C to 70°C

et ot



TYPES SN54ALS174, SN54AL‘S.175,‘-SN74ALS174‘, SN74ALS175'.
HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR

pu——

sbsolute maximum ratings over operating free-air temperature range {unless otherwise noted)

. SUPPIY VOIAGE, VI, - « v vt smmn v saasms e tecanareaesoaosensustonasn s et 7V
Ty Y - S T R AR R 7V
Operating free-air temperature range: SNS54ALS174, SNBAALS175. ... iiiiinneinnnns -55°C to 125°C

SN74ALS174, SN74ALS175 ... ........ N 0°C to 70°C

StOrage TEMPErature F@NGE . . . -« v e v v eue s sss st asanssesaesesneononnsans

recommended operating conditions

SN54ALS174 SN74ALS174 4
SNS4ALS175 SN74ALS175 ugvn
MIN  NOM MAX MIN NOM MAX
Vee  Supply voitage 4.5 5 5.5 4.5 5 5.5 \
Vi , High-level input voltage 2 2 v
viL Low-level input voitage 0.8 0.8 v
IOH High-level output current -0.4 -0.4 mA
ot Low-level output current 4 8 mA
feiock Clock frequency o} 40 [+] 50 MHz
’ CLR low 15 10
P tw Pulse duration CLK high 12.5 10 ns
| . CLK low 12,5 10
i . Setup uma Data 15 10 ns
U pefors CLKt CLR Inactive 8 6
| th Hold time, data after CLK? o o ns
l TA Operating free-sir tempaerature -55 125 (s 70 °C

electrical characteristics

over recommended operating free-air temperature range (unless otherwise noted)

- SNS4ALS174 SN74ALS174
PARAMETER TEST CONDITIONS SNS4ALS175 SN74ALS175 UNIT
MIN TYPT MAX | MIN TYPT MAX
Vi Vee = 4.5V, | = =18 mA -1.5 -1.5 v
VoH Ve =45Vw055V Ign = ~0.4mA Vee—~2 vee=-2 \
Vo Vee = 4.5V, oL = 4 mA 0.25 0.4 0.25 0.4 v
Vee =45V o = 8 mA 0.35 0.5
I Vee = 5.5V, Vi=7V 0.1 0.1 mA
"] Vee = 5.5V, V)= 27V 20 20 pA
hy Vee = 5.5V, V=04V -0.1 -0.1 mA
lor * Vee = 65V, Vg = 2.25V -30 ~-112 | ~30 -112 mA
Ice ‘::t::;; Vee =655V, See Note 1 1; 7 :i " 1; :i mA

TA4 typical values are at Ve = 5 V. T = 25°C.

The output conditions have been chosen to produce & cusrent that closely approximates one hait of the true short-cireult output cursent, IQg.
NOTE 1: lop is measured with D inputs and CLR grounded, and CLK &t 45V,
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= TYPES SN54AS174, SN54AS175, SN74AS174, SN74AS175
HEXJQUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR

gmm—

SUPPIY VOIAGE, VEC « - - vt v rvreaeananaaea e aessiaennnannas Y A4
IPUEVORAGE . - oo ittt et et 7V
Operating free-air temperature range: SNS4AS174, SNBAASTTS .. ittt e -55°C to125°C
SN74AS174, SN74AS175 . . .. it 0°C to 70°C
Storage temperature range . . . ... ..o et et e -65°C to 150°C
recommended operating conditions
SNS4AS174 SN74AS174
SN54AS175 SN74A8175 UNIT
MIN NOM MAX | MIN NOM MAX ”
vee | Supply voltage 4.5 s 5.5 4.5 5 5.5 v
ViH Highslevel input voitage 2 2 v
viL Low-level input voltage 0.8 0.8 A
I0H High-level output current -2 -2 mA
oL Low-level output current 20 20 mA
taoek Clock frequency 0 100 Q 100 MHz
CLR low 5.5 5
tw Pulse duration CLK high 4 4 " s
CLK low 6 6
- Setup time Data 4 4
su — 5 ns
® before CLKt CLR inactive 6 6
th Hold time, data atter CLK® 1 1 ng
Ta,  Operating free-air temperature ~-55 125 Y] 70 °C

electrical characteristics over recommended operating free-air temperature range {unless otherwise noted)

! SN54AS174 SN74AS174 it
PARAMETER TEST CONDITIONS SN54AS175 SN74A8175 UNTT
MIN TYPT MAX | MIN TYPT MAX
Vi Vee = 4.5V, ) = -18 mA -1.2 ~1.2 v
| Vou Vee = 4.5V 1055V lgH = —-2mA Vee-2 Vee-2 v
i Vou Ve = 45 V. oL = 20 mA 0.25 0.5 0.25 0.3 v
i Vee = 5.5 V. Vi=7V 0.1 0.1 | mA
Pl Vee = 5.5 V. V=27V 20 20 BA
Iy’ Vee = 5.5 V. Vi =04V -0.5 -0.5 | mA
E Vee = 5.5 V. Vg = 2.25V ~30 -112 | -30 -112 | mA
ice :::_7]; Vee = 5.5V, See Note 1 zg 45 :332 35 mA

:Al tvpical values sre at Ve = S V/A = 25°C.
*The output canditions have been chisen 1o produce a current that closely approximates one half of the true short-clrcuit outout current, 1gs.
NOTE 1: Iog is measured with D, CLK, and PRE grounded, then with D. CLX, and CLR grounded.

A e

.* \.

%



TYPES SN54ALS174, SNE4ALS175, SN74ALS174, SNT4ALS175 .
HEXJQUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR

o
switching characteristics (see Note 2} . e e oL
. Ve =45V 1055V
CL = 50 pF,
— Rl =
PARAMETER FROM 1o TL iﬂo;)v(: MAX
CTp = o
INPUT! QUTPUT
{ ! ! ! SNS54ALS174 SN74ALS174
SNS4ALS175 SN74ALS175
MIN MAX MIN MAX
Imax 40 50 MHz"
tpLH _— Any Q ('ALS175) 5 20 5 18 -
CLR ng -~
tPHL Any Q 8 26 8 23 b
tPLH Any Q 17
| cLK ny 3 3 15 | L
\ tPHL tor 3, ‘ALS175) 5 20 5 17
NOTE 2: For load circuit and voitage waveforms, see page t-12. u'
- . . 3
D flip-flop signal conventions . ) s

It is T! practice to name the outputs and other inputs of a D-type-flip-flop and to draw its logic symbol based on ths'
- assumption of true data (D) inputs. Then outputs that produce data in phase with the data mputs are calted Q and (hose'
producing complementary data are called Q. An input that causes a Q output to go high or a a output to go low is called
Preset; an input that causes 3 Q output to go high or a Q output to go low is called Clear. Bars are used ovzr these pinr i
names {PRE and CLR) if they are active iow. | -

'ty

In scdne applications it may be advantageous to redesngnate the data input D. In that case all the other inputs and
utpdts should be renamed as shown below. Also shown are correspondmg changes in the graphical symbol. Arbitrary *
pin numbers are shown in parentheses.

1 =4 |3

PRE ((2') S 2] a CR i;—-'>- R 15) 5

CLK o > Cc1 CLK (‘3: > Cc1 x
o] @ 10 6) — 6 m& 1D (6} a ;

CLR —=> R 2 PRE ——1S .

Notice that Q and Q exchange names, which causes Preset and Clear to do likewise. 40 notice that the polarity
indicators &) on PRE and CLR remain since these inputs are still active-low, but that the presence or absence of the
polarity indicator changes at D, @, and Q. Of course pin 5 {Q) is still in phase with the data input D, but now both are
considered active-low.



TYPES SN54AS174, SN54AS175, SN74AS174, SNT4AS175

HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR

*AS174 switching characteristics (see”Note 2)

Vee = 45Vt 5.5V 4
Cp = 50 pF, ;
RL = 500 0 K
PARAMETER FROM 1o 1'L im(:n MAX unrr b
= L]
(INPUT} (OUTPUT) A :
SN54AS174 SN74AS174
MIN MAX | mIN MAX
fmax 100 100 MHz
tPHL ClR Any Q 5 15 5 14 ns
t 3.5 9.5 | 3.8 8
—PLH CLK Any Q o }
tPHL 4.5 11.5 | 4.5 10 3
‘\
*AS175 switching characteristics {see Note 2} .
. Vog = 45V 1065V, N
Cp = 50 pF.
FROM TO R = 500 0,
PARAMETER L UNIT
{INPUT) {ouUTPUT) Ta = MIN to MAX )
SN54AS175 SN74AS175
MIN TYPT MAX | MIN TYPP MAX
tenax 160 160 MHz
tPLH TR o 5 5
CLR Any Qor O n
ToHL e Al 55 55 y
% e 4 4
PLH CLK Any Qor Q ns
TPHL P 4

TAH typicat velues are at Voo = 5V, T4 = 25°C.
NOTE 2: For 1oad circurt and voltage waveforms, see page 1-

12.

-



TYPES SN54ALS174, SN54ALS175, SN54AS174, SN54AS175
SN74ALS174, SN74ALS175, SN74AS174, SN74AS175
HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR

logic symbols

‘ALS174, ‘AS174

‘ALS175, ‘AS175

. CtR :;: R g R
CcLK c1 CLK {9 (4]
10 —-——4::’ 10 | ::, h1s} 10 {8 li’ Q
2 ] & @ >~ '8
o] hoy o 12 - n
“ :‘IJ: {12) l:z: 8
50 ! 5Q 121 3Q
0 {18) {15} sa 30 —4 | (l;) 13
o 12 {5 4g
—_— - {14} 43
logic diagrams (positive logic)
¢
R gl
9
) cix A2
103 D - 10482 10, D—OD——(-Z)—NJ
—opC1 2 _1aq oD CR A
R -OfR 1Q
20 —2 10 h 2043 10 p—cD—-‘—ﬂ—zo
of>C1 51 2a o1 )
¢ ar cir ——Do——- 2G
6 10
ap —& 10 . 3p —412 ) o—o{>¥30
- obci 9 30 <pc1 o
olR ~{ R ——Do—— 3@
4o 22 10 m a0 12 1D o—cD—-‘—’-?’—aa
31>c1 o—4>(—, 4Q —tCDC1 14
P R X R ——-Do—— 43
5D {13) Ty
<4>c1 :»—QDE’— 5Q
R
14
60— 10 .
o c1 p—cbﬂ-l-so
. L dn

.0 numbers shown are for J and N packages.



TYPES SN54ALS'1’-S-!2,"SN§4ALS193, SN74ALS192, SN74ALS183
SYNCHRONOUS 4-BIT UP/DOWN COUNTERS (DUAL CLOCK WITH CLEAR) )

absolute maximum raungs over operating free-air temperature range {unless otherwise noted) 2
Supoly voltage, VCC T S SN s
13T TE T LYo T - O 7 A\
Operating free-air temperature range: SNS4ALS192,SNS4ALS193 . ... . ... ... ... ... ~55°Cto1 25;&‘

..................... 0°C t0 70°¢3

SN74ALS192, SN74ALS193

Siorage temPerature range . .. .. .vu v i i -65°C1t0 150 °Cf-

recommended operating conditions i‘-‘
SNS4ALS192 SN74ALS192 PEh
SN64ALS193 SN74ALS193 UNIT
MIN _NOM_MAX | MIN NOM  MAX +
Voo Supoly voltage 4.5 3 5.5 4.5 5 5.5 v i
VIH  High-level input voltage 2 2 v'Aa
Vi Low-levet input voitage 0.8 0.8 Vi
16H High-level output current -0.4 -0.4 mA )
oL Low-level output current 4 3 mA .
!, Clock frequen: ‘ALS192 2 29 9 2s MH : ’
clock equency  aLs1e3 0 25 o 30 3"
CLR high 10 10 s b
t Pulse duration LOAD g & 40 i
ol D W ‘ALS192 25 20 -F
| UP or high or low TALS193 56 165 ns
Data before LOAD! 25 20
tsu Setup time CLR inactive before UPI or DOWN! 20 20 ; ns |
LOAD inactive before UPI or DOWNI 20 20 1
Data atter LOAD! 5 5
n Hoid time UP high after DOWNI! 0 r 0 as
OOWN high after UPT 0 0
Ta Operating free-air temperature -55 125 [} 70 °c |

electrical characteristics over recommended operating free-air temperature range

{unless otherwise noted)

SN54ALS192 SN74ALS192
SN54ALS193 SN74AL5193 .
PARAMETER TEST CONDITIONS TPt g TYPT  MAX uurr§
ViK Vee = 45V, If = =18 mA -1.5 -1.5 v
VOH Vee = 45Vt0 5.5V, igH = -0.4 mA Vee-2 Vee=-2 v
vor Vee = 45V, oL = 4mA 0.25 0.4 0.25 044 f
Ve = 45V oL = 8 mA 0.35 0.5 :
" Veg = 5.5 V, Vim 7V 0.1 0.1 ] mA l
™ Vee = 5.5V, Vi = 2.7V 20 20 | A
W ::';Z:" Ve = 5.5V, Vi= 04V :gf :gf mA |;
0° Vee = 5.5 V. Vg = 2.25V -30 -112 | ~30 ~112 | mA |,
Icc Voe = 5.5V, See Note 1 12 22 12 22 | ma ji

TAN typical vawses are 3t Vo w 5 V. Ta = 25°C.

2The output conditions have been chosen to produce s current that closely spproximates one haif of the true short-circuit output current. lgs.

NOTE 1: icc s messursd with the clear end load inputs grounded, and a other inputs at 4.5 V.
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TYPES SN54ALS192, SN64ALS193, SN74ALS182, SNT74ALS19:
SYNCHRONOUS 4-BIT UP/DOWN COUNTERS (DUAL CLOCK WITH CLEAR,

pm—

switching characteristics (see Note 2)

r' Vce = 4.5Vt055V,
i Cy = 50 pF,
i FROM 10 R = 5002,
| PARAMETER INPUT) (QUTPUTI Ta = MIN to MAX uNIT
' SN54ALS192 SN74ALS192
! SN54ALS193 SN74ALS193
; MIN MAX | MIN MAX
*ALS192 20 25
I Al MHz
{ fmax "ALS193 25 30 |
1 4
—— c e I
i PHL
; 4 1
'____EP_U’_‘___.__.__. Down B8O ; 12?‘ s : g ns
IPHL
4 23 4 19
: :PLH Up or Down Any Q 2 2 Z e ns
PHL
} — 8
x———:PLL-——-——— LOAD Any Q Z 25" n :2“8) ns
¢ PHL
I tPHL CLR Any Q 5 20 5 17 ns

NOTE E: For toad circuit and voltage wavetorms, see page 1-12. .



TYPES SN54ALS193, SN74ALS193
SYNCHRONOUS 4-BIT UP/DOWN BINARY COUNTERS (DUAL CLOCK WITH CLEAR)

gumamm———

typical clear, load, and count sequences

Iflustrated

1.
2.
3
4,

DATA

ue

DOWN

Qa

Qy
CUTPUTS ﬁ

SEQUENCE
ILLUSTRATED

‘ALS193
below is the following sequence:

Clear outputs to zero.

Load {preset) to binary thirteen.

Count up to fourteen, fifteen, carry, zero, one, and two.

Count down to one, zern, borrow, fifteen, fourteen, and thirteen.

!

Tt l—r—l’—"'—'——"—————‘—"“—'—————

o e e e e —
1| [

_____ Do Pl AANAE ... RWIMANE AL \ W - (O SRR W
o [

A W = WY, A0 W WA s g e — —
[ [ A |

——,—I——‘ﬁ—"—‘———'———'—'—"——— T

o e ——— e — —
t [

2 o G LT NTAPAR A A
[ | o I

= S NP Gl AR DL UL

|
!
1
!
|
!
I
[
|
!
1
|

. I I |
1 11 o v 2 1 ° [} 1 3
COUNT UP —— COUNT DOWN

CLEAR PRESET

NOTES: A. Clesr overrides load, data, and count inputs,
8. When counting v, COUNt-COWN inPut Must be high; when counting down, count-up input must be high.



TYPES SN54ALS245A, SN54AS245, SN74ALS245A, SN74AS245
OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS

02661, DECEMBER 1982 - REVISED DECEMBER 1983

[
o 3-State Outputs Drive Bus Lines Directly
o P-N-P Inputs Reduce Dc Loading
o °‘AS Version in Development. Data Will Be Provided As
It Bacomeas Available. Contact the Factory for Latest
Information —
o Package Options Include Both Plastic and Ceramic
Chip Carriers in Addition to Plastic and Ceramic DIPs
e Dependable Texas Instruments Quality and Reliability
description

These octal bus transceivers are designed for synchronous two-
way communication between data buses The control function
imolementation minimizes external timing requirements.

The devices allow data transmission from the A bus to the 8 bus
or fronrthe B-bus to the A bus depending upon the logic level at
the direction control (DIR} input. The enable input (G} can be used
10 disable the device so that the buses are effectively isolated.

The ~ 1 version of the SN74ALS245A is identical to the standard
version except that the recommended maximum Ig is increased
to 48 muliamperes. There is no — | version of the SNS4ALS245A,

The SN54ALS245A and SNS54AS245 are characterized for
operation over the full military ternperature range of -55°C 10
125°C. The SN74ALS245A and SN74AS245 are characterized
for operation from 0°C to 70°C.

FUNCTION TABLE

SN54ALS245A, SN54AS245 .
SN74ALS245A, SN74AS245 .
(TOP VIEW)

SNS4ALS245A, SN54AS245 .
SN74ALS245A, SN74AS245 .

(TOP VIEW)

.. J PACKAGE
.. N PACKAGE

Vee
G

81
B2
B3
84
B5
B6
B7
88

.. FH PACKAGE
.. FN PACKAGE

ENASBLE PIRRETION OPERATION
fiy CONTROL
¢ O
L L 3 data to A bus
L H A data 10 B bus
X isolation




TYPES SN54AS245, SN74AS245
OCTAL BUS TRANSCEIVERS WITH 3-STATEE OUTPUTS

. .
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, VCC
Input voltage: All inputs . . ... .. A O v

[0 2 =Y Yo £ S R
Operating free-air temperature range: SNBAAS245 . . ... ... ... .. i, —55°C to 125%
SNTEAS245 ... it e i e 0°C to 70%
StOrage teMPErature FBRGE . . . o oo v o v vv e e veae s e aaesasacensoousesiannsesesns -65°C to 150%
recommended operating conditions
SNS4AS245 SN74A5245 N
MIN NOM. MAX MIN NOM MAX ..
vee Supply voltage 4.5 S 5.5 4.5 5 5.5 v
ViH High-lsvel input voltage 2 2 V=
ViL Low-level input voltage -0.8 0.8 v’
0K High-level output current - ~-12 -15 | mA.
oL Low-ievel output current /] 32 48 | ™A
Ta Operating free-air temperature ~55 / 125 0 70 °C
electrical characteristics over recommended operating free-air temperaturf range {unless otherwise no‘edy
. SNS/ 45 N74AS24
PARAMETER TEST CONDITIONS IAS2 s 5 UNIT
MIN TYP' MAX | MIN TYPT MAX
VIK Vee = 4.5V, = -18 mA -1.2 -1.2 N
Vee =45V w55V, loy = —2mA veeg-2 Vee-2
V =45V, ! s - A 4 3. 4 .
Von cC OH 3m 2 2 2 3.2 v
Vee = 4.5 V. o = =12 mA 2.4
Vece = 45V, IoH = =15 mA 2.4
- 45V, oL = A 25 } f ]
VoL Vee 5 oL = 32 m. 0.25 0.5 v
vee = 4.5 V. IoL = 48 mA 0.35 0.5
. Control inputs Vee = 5.5 V. Via= 7V C.1 0.1 mA
! A or 8 ports Ve = 5.5 V. Vi = 5.5V 0. 0.1
Controf inputs 20 20
1 = v = 55V, V= 2.7V
"" A or B ports® 01 ' 50 50| **
-1 Control inputs -0.1 -0.1
1 - Vi = 5.5V, Vi =04V A
g L A or B ports < | =@ ~0.75 =075 |
198 Vee = 5.5 V. Vg = 225V -20 -112 | -30 ~112 | mA
§ Outputs high A 52 62
t icc Vee = 5.5V Outputs low 95 95 mA
Qurputs disabled 79 79

TAR typlcat vatuas- are at Voo = 5 V. Ty = 25°C,
3For 1O ports. the parameters Iy and Iy include the off.state outout current.
$The output condibons have oeen chosen t0 produce 8 current that closely approximates one halt of the true shont-circuit output current, log.



- TYPES SN54ALS245A, SN74ALS245A
OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS

W
slectrical characteristics over recommended operating free-air temperature range {unless otherwise noted)

/fARAMETER TEST CONODITIONS SNS4ALS2454 SN74ALS245A UNIT
P MIN TYPT  MAX | MIN TYPT MAX
L —
VIKE Vee = 45V, Iy = ~18 mA -1.5 -1.5 v
Vee =45V1w035V, lgy = -04mA | Vec-2 Vee -2
Vee = 4.5 V. ioH = -3 mA 2.4 3.2 2.4 3.2 v
vor Vee = 4.5 V. Ton = ~1ZmA 7
: -Vee = 2.5 V., IoH = -15mA . -2
i vee = 45V, oL = 12mA 0.25 0.4 0.25 0.4
‘oL V 45V, 10 = 26 mA v
ok cc = 0L, 2250 035 oO-&
{loL = 38 mA for~ 1 versions}
\ Control inputs Vee = 5.5 V. Via7V 0.1 0.1 ma
J A or B ports vee = 5.5V, V) = 5.5V 0.1 0.}
Control inouts 20 20
! = Vi 5.5 V. Vi =27V S
M A orBpons: - 4 ' 20 70 "/
Control inputs ~0.1 -0.1 Y
! < v = 5.5V, Vi =04V mA
" A or B ports~ cc ! -0.1 -0
in} Vee = 5.5 V. Vo = 2.25V -30 2112 | ~30 -112 | mA
Qutputs high 30 48 30 45
e Vee = 5.3V Outouts low 36 60 36 55 | mA
Qutputs disabled 38 63 38 58
22 typical values are at Voe =5V, Ta = 25°C.
“Sar 1O ports, the parameters hyy and ly_incluge ne off-staze output current.
YThe outout conditions have been chosen to aroduce a current thac closely approximates one half of the true short-circuit output current, lgs.
switching characteristics (see Note 1) 1
Vee = 45Vt 55V,
C_ = 50 pF,
R1 = 300 0.
FROM T = e,
PARAMETER RO 9 - 2 5%9 UNIT
{INPUT} {(OUTPUT) Ta = MIN to MAX -
SNS4ALS245A SN74ALS245A
MIN MAX | MIN MAX
B P 15
PLH Adr3 dor A & N 3 - 19 ns
IPHL 3 13 3 10
PZH ! g Aor8 2 :3 :_’ 20 ns
740 S 23 5 20
¢ = 2 1
PHZ G Aor8 2 2 S s
Pz a4 18 4 15 :

NOTE 1: For load circuit and vorzage wavetorms, sea page 1-12.
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. TYPES SN54AS245, SN74AS245
OCTAL BUS TRANSCEIVERS WITH 3-STATE QUTPUTS

5
pu—

mitching characteristics (see Note 1}
.

Vog = 45V 55V,
Cp = 50 pF,
Rt = 500 Q,
PARAMETER FROM TO R2 = 500 Q. uNIT
9 {INPUT} {OUTPUT) Ta = MIN to MAX
SN54AS245 SN74AS8245
MIN  TYPT  MAX MIN TYPT MAX
2 5 &
PLH I AorB Bor A ns
tPHL 5 S
" — 5 r
thH { G AorB 8 ns
tPZL 8 8
: — 4, 4.5
. PH2 G AorB 5 ns
tPLZ 5 S

4 typical values are at Vee = 5V, Ty = 25°C.
ACTE 1: For load circuit and voltage waveforms, see page 1-12,
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TYPES SNS4ALS245A. SN74ALS245A - .
OGTAL BUS TRANSCEIVERS WITH 3- STATE OUTPUTS

logic diagram (positive logic)
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absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

SUPPIY VOIEGE, VOC -« -+ et erasmaeeaiane e an e sanaasan e 7V
Input voltage: AllINPUTS . . .. ih i it er ettt N, Vv
oY g o vl o TR TAAN TAN (AV IAN (AN o " By ¢+ i O { . . .. 55V
Operating free-air temperature range: SNS4ALS245A . ................cvnn o . R .. —-55°Cto 125°C
SN74ALS245A ... i e . .. . 0°Cwo 70°"
Storage temMPErature faNCE . . .. .. c.ocenonesnonatanerasasaaocsanssassnss . =-65°C to 150°C
recommended operating conditions
SNS4ALS245A SN74ALS245A UNIT
MIN NOM MAX MIN NOM  MAX
Vee Suppty voltage 4.5 5 5.5 2.5 5 5.5 v
ViH High-level input voltage 2 2 v
Vi Low-level input voltage 0.8 0.8 v
loH High-levet output current -12 -15 mA
. 12 24
oL Low-level output current ey mA
Ta Operating free-aic temperature ~58 125 [¢] 70 C

TThe extended limits apply onty it Ve 13 maintained between 4.75 V and 5.25 V.
The 48-mA fimit apphies for the SNT4ALS245A-1 ony.
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