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MULTIPURPOSE 8 CHANNEL RELAY CARD

Pairoj Lertwatanamongkol
Worawoot Pewon

Worapong Tangsrirat Advisor
2001

Abstract

This thesis presents the computer-based design of the multipurpose controlled relay card
that controls via the ISA slot. The proposed relay card has 8 controlling channels, which can
independently be control by software programming. In addition, an application of the warehouse

simulation is demonstrated as an example.
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Dim p(2) As Integer
Private Sub down2()
Text2(1) = "OFF"
Text2(2) = "OFF"
Text2(3) = "OFF"

Text2(4) = "ON"
Text2(5) = "ON"
Textz(6) == "ON"

For n& = 0 To 200000
Out &H300, 112

Nextn
Out &H300, 0

End Sub

Private Sub down1()
Text2(1) = "OFE"
Text2(2) = "OFF"
Text2(3) = "OFE"

Text2(4) = "ON"
Text2(5) = "ON"
Text2(6) = "ON"

For n& = 0 To 100000
Out &H300, 112

Nextn
Out &H300, 0

End Sub

Private Sub up2()
Text2(1) = "OFF"
Text2(2) = "OFE"
Text2(3) = "OFF"
Text2(4) = "ON"



Text2(5) = "OFF"
Text2(6) = "OFF"
For n& = 0 To 200000
Out &H300, 16
Nextn
Out &H300,0
End Sub
Private Sub up1()
Text2(1) = "OFE"
Text2(2) = "OFT™
Text2(3) = "OFF"
Text2(4) = "ON"
Text2(5) ="OFF"
Text2(6) = "OFF"
For n& =0 To 100000
Out &H300, 16

Nextn
Out &H300, 0
End Sub
Private Sub left2()
Text2(1) = "ON"
Text2(2) = "ON"
Text2(3) = "ON"
Text2(4) = "OFF"

Text2(5) = "OFF"

Text2(6) = "OFF"

For n& =0 To 200000
Out &H300, 14

Nextn

Out &H300, 0



End Sub

Private Sub leftl()
Text2(1) = "ON"
Text2(2) = "ON"
Text2(3) = "ON"

Text2(4) = "OFF"
Text2(5) = "OFF"
Text2(6) = "OFF" :
For n& = 0 To 100000
Out &H300, 14

Nextn
Out &H300, 0

End Sub

Private Sub rigth2()
Text2(1) = "ON"
Text2(2) = "OFF"
Text2(3) = "OFF"
Text2(4) = "OFF"
Text2(5) = "OFF™"
Text2(6) = "OFF"
For n& = 0 To 200000

Out &H300, 2

Nextn
Out &H300, 0

End Sub

Private Sub rigth1()
Text2(1) = "ON"
Text2(2) = "OFE"
Text2(3) = "OFE"
Text2(4) = "OFE"



Text2(5) = "OFF"
Text2(6) = "OFF"
For n& = 0 To 100000
Qut &H300, 2
Nextn
Out &H300,0
End Sub
Private Sub color()
Forn%=0To 8
Label2(n).BackColor = &H8000000F
Nextn
Out &H300, 0
End Sub
Private Sub Commandl Click()
Text2(1)=""
Text2(2) =
Text2(3)=""
Text2(4)&=W"
Text2(5) ="
Text2(6)=""

Select Case Textl
Case "1"

Call color

If p(1) = 0 And p(2) = 0 Then
‘no work'

ElseIfp(1) = 0 And p(2) = 1 Then
Call leftl

ElseIfp(1) = 0 And p(2) = 2 Then



Call left2

Elself p(1) = 1 And p(2) = 0 Then
Call pl

Elself p(1)=1 And p(2) =1 Then
Call leftl
Call upl

ElseIf p(1) = 1 And p(2) = 2 Then
Call left2
Call upl

Elself p(1) =2 And p(2) = 0. Then
Call qp2

Elself p(1) =2 And p(2) = 1 Then
Call leftl
Call up2

Elself p(1) =2 And p(2) =2 Then
Call left2
Call up2

End If

p(1)=0

p(2)=0

Label2(Val(Textl.Text) - 1).BackColor = &H8000000E

Case "2"

Call color

If p(1) = 0 And p(2) = 0 Then
Call rigthl

ElseIf p(1) = 0 And p(2) = 1 Then
‘no work'

Elself p(1) = 0 And p(2) =2 Then



Call leftl

ElseIfp(1) =1 And p(2) = 0 Then
Call rigth1
Call upl

ElseIf p(1)=1 And p(2) = 1 Then
Call upl

Elself p(1) = 1 And p(2) =2 Then
Call leftl
Call upl

ElseIf p(i) =2 And p(2) = 0 Then
Call rigth1
Callup2

Elself p(1) =2 And p(2) = 1 Then
Call up2

Elself p(1) =2 And p(2) =2 Then
Call leftl
Call up2

End If

p(1)=0

p)=1

Label2(Val(Textl.Text) - 1).BackColor = &H8000000E

Case "3"

Call color

Ifp(1)=0 And p(2) =0 Then
Call rigth2

ElseIfp(1) = 0 And p(2) =1 Then
Call rigth1

ElseIf p(1) = 0 And p(2) =2 Then



‘no work'

Elselfp(1)=1 And p(2) = 0 Then
Call rigth2
Call upl

ElseIfp(1) =1 And p(2) = 1 Then
Call rigthl
Call upl

ElseIfp(1) =1 And p(2) =2 Then
Callupl

Elself p(1) =2 And p(2) = 0 Then

ACall rigth2

Call up2

Elself p(1) =2 And p(2) = 1 Then
Call rigthl
Callup2

ElseIf p(1) =2 And p(2) = 2 Then

/Call up2

End If

p(1)=0

p(2)=2

Label2(Val(Textl.Text) - 1).BackColor = &H8000000E

Case nyn

Call color

If p(1) = 0 And p(2) = 0 Then
Call downl

ElseIfp(1) = 0 And p(2) = 1 Then
Call downl
Call leftl



ElseIf p(1)= 0 And p(2) = 2 Then
Call down1
Call left2

ElseIf p(1) = 1 And p(2) = 0 Then
'no work'

Elselfp(1) = 1 And p(2) = 1 Then
Call lefil

Elselfp(1) = 1 And p(2)= 2 Then
Call'lefr2

Elself p(1) = 2 And p(2) = 0 Then
Call upl

Elself p(1) = 2 And p(2) = 1 Then

Callupl

Call leftl

Elself p(1) =2 And p(2) =2 Then
Callupl
Call left2

End If

p()=1

p(2)=0

Label2(Val(Textl.Text) - 1).BackColor = &HB8000000E

Case "5"

Call color

If p(1)= 0 And p(2) = 0 Then
Call rigth1
Call downl

ElseIfp(1) = 0-And p(2) = 1 Then
Call downl

U-8
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Elself R(I) =0 And p(2) =2 Then
Call down1
Call leftl

Elselfp(1) =1 And p(2) = 0 Then
Call rigthl

ElseIf p(1) =1 And p(2) = 1 Then
‘no work'

ElseIf p(1) =1 And p(2)=2 Then
Call leftl

ElseIf p(1) =2 And p(2) = 0 Then
Call up1
Call rigthl

ElselIf p(1) =2 And p(2) =1 Then
Call upl |

ElseIf p(1) =2 And p(2) =2 Then

ACall upl
Call leftl
End If

p(1)=1

p(2)=1

Label2(Val(Textl.Text) - 1).BackColor = &H8000000E

Case "6"

Call color

If p(1) = 0 And p(2) =0 Then
Call downl
Call rigth2

ElseIf p(1) = 0 And p(2) =1 Then
Call downl
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Call rigthl

ElseIf p(1) = 0 And p(2) = 2 Then
Call downl

ElseIf p(1) =1 And p(2) = 0 Then
Call rigth2

ElseIfp(1) =1 And p(2) = 1 Then
Call rigthl

ElseIfp(1) =1 And p(2)=2 Then
'no work'

ElseIf p(1) =2 And p(2) = 0 Then
Call upl
Call rigth2

ElseIfp(1) =2 And p(2) = 1 Then
Call upl
Call rigthl

Elself p(1) =2 And p(2) =2 Then
Call upl

End If

p(D)=1

p(2)=2

Label2(Val(Textl.Text) - 1).BackColor = &HS8000000E

Case "7"

Call color

If p(1) = 0 And p(2) = 0 Then
Call down2

ElseIf p(1) = 0 And p(2) =1 Then
Call down2
Call leftl



ElseIf p(1) =0 And p(2) = 2 Then

Call down2
Call left2

ElseIf p(1) = 1 And p(2) =0 Then

Call downl

ElseIf p(1) =1 And p(2) = 1 Then

Call downl
Call leftl

ElseIf p(1) =1 And p(2) =2 Then

Call downl
Call left2

ElseIfp(1) =2 And p(2) = 0 Then

'no work'

Elself p(1) =2 And p(2) = 1 Then

Call leftl

Elself p(1) =2 And p(2) =2 Then

Call left2
End If
pl) =2
p(2)=0

Label2(Val(Textl.Text) - 1).BackColor = &H8000000E

Case "8"

Call color

If p(1) = 0 And p(2) =0 Then

Call down2
Call rigthl

ElseIf p(1) = 0 And p(2) =1 Then

Call down2

v-11
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Elself p(1) = 0 And p(2) = 2 Then
Call down2
Call leftl

Elselfp(1) =1 And p(2) = 0 Then
Call downl
Call rigth

Elselfp(1) =1 And p(2) = 1 Then
Call downl

Elselfp(1) =1 And p(2) = 2 Then
Call down1
Call leftl

ElseIf p(1) = 2 And p(2) = 0 Then
Cail rigthl

Elself p(1) =2 And p(2) = 1 Then
‘no work'

ElseIfp(1) =2 And p(2) =2 Then
Call leftl

End If

p(1)=2

p(2)=1

Label2(Val(Textl.Text) - 1).BackColor = &H8000000E

Case "9"

Call color

If p(1) =0 And p(2) = 0 Then
Call down2
Call rigth?

ElseIf p(1) = 0 And p(2) = 1 Then
Call down2



Call rigthl

ElseIfp(1) = 0 And p(2) =2 Then
Call down2

ElseIfp(1) = 1 And p(2) =0 Then
Call downl
Call rigth2

ElseIfp(1) =1 And p(2) =1 Then
Call downl
Call rigthl

ElseIf p(1) = 1 And p(2) =2 Then
Call downl

Elselfp(1) =2 And p(2) =0 Then
Call rigth2

ElseIf p(1) = 2 And p(2) =1 Then
Call rigthl

Elselfp(1) = 2 And p(2) =2 Then
'no work'

End If

p(1)=2

p(2)=2

Label2(Val(Textl.Text) - 1).BackColor = &H8000000E

End Select

End Sub

Private Sub Command2_Click()

Call color

If p(1) =0 And p(2) = 0 Then

¥-13
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'no work'

Elselfp(1) = 0 And p(2) = 1 Then
Call leftl

Elselfp(1) = 0 And p(2) = 2 Then
Call left2

Elselfp(1) =1 And p(2) = 0 Then
Call upl

Elselfp(1) =1 And p(2) = 1 Then
Call lefil
Call upl

Elselfp(1) =1 And p(2) = 2 Then
Call left2
Call upl

Elselfp(1) =2 And p(2) = 0 Then
Call up2

ElseIf p(1) =2 And p(2) = 1 Then
Call leftl
Call up2

ElseIf p(1) =2 And p(2) = 2 Then
Call left2
Call up2

End If

p(1)=0

p(2)=0

Label2(0).BackColor = &H8000000E

End

End Sub

Private Sub Form_Load()
Text2(1) = "OFF"
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Text2(2) = "OFF"

Text2(3) = "OFF"

Text2(4) = "OFF"

Text2(5) = "OFF"

Text2(6) = "OFF"

Label2(0).BackColor = &H8000000E

Label3.Caption = "neuaenainTulsunsunguindn ladadwmis 1 fiauvgnﬂsi{a"

End Sub
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MOTOROLA

OCTAL BUFFER/LINE DRIVER
WITH 3-STATE OUTPUTS

The SN54/741S240. 24° and 244 are Octal Buffers and Line Drivers
designed to be employed as memory address drivers, clock drivers and
bus-oriented transmitters/receivers which provide improved PC board

density.

» Hysteresis at Inputs to Improve Noise Margins

e 3-State Outputs Drive Bus Lines or Buffer Memory Address Registers
» Input Clamp Diodes Limit High-Speed Termination Effects

LOGIC AND CONNECTION DIAGRAMS DIP {TOP VIEW)

: i SN54/74L5240
N Voo 26 1Y1 2M Y2 243 103 2R 1Y4 241

: f?ol'{:lil@ 6] s 1l elfe] [
Y/ O A
P A AR

TL I e s s Tl \

1G 1Al 2Y4 1A2° 2Y3 1A3 2Y2 1A4 2Y1 GND

SNS4/T4LS241
Voo 26 1Y1 2M Y2 243 1Y3 242 1Y5 24

mﬁﬂmmmmmr ][]
o NN
///// A

MBJBJMJLULGJLJLJUM

16 1A1 2Y4 1A2 2Y3 1A3 2Y2 1A4 2Y1 GNO

i SN54/TALS244
Voo 26 11 2A4 12 2A3 1Y3 242 1Y4 2A1

[w][e] el 16l 1wl s ][

e
K3 63 [ 358 I3 2 R

1G 1A1° 2v4 1A2 2Y3 1A3 ZY2 1A4 2Y1 GND

A-1

SN54/74LS240
SN54/74L.5241
SN54/74L.S244

OCTAL BUFFER/LINE DRIVER

WITH 3-STATE OUTPUTS
LOW POWER SCHOTTKY

J SUFFIX
CERAMIC
CASE 732-03

N SUFFIX
PLASTIC
CASE 738-03

DW SUFFIX
SOIC
CASE 751003

ORDERING INFORMATION

SNS4LSXXKXS  Ceramic
SN74LSXXKN  Plastic
SN74LSXXXDW SOIC

FAST AND LS TTL DATA
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SN54/741L.5240 o« SN54/74L.S241 ¢ SN54/741.5244

f1-2

TRUTH TABLES
SN54/741.5240 SNS54/741.S244
INPUTS INPUTS
ouTPUT ouTPuT
1G, ZCE 0 1G, 2G s}
L L H L £ L
L H L L > H H
H X @ H' X @)
SN54/74L.8241
{NPUTS {NPUTS
ouTPUT ouTPUT
1G o] 2G D
L 8 6 H = L
L H H H H H
H X @ L X @
H = HIGH Voltage Level
L = LOW Voltage Level
X = (mmaterial
Z=HIGH Impedance
GUARANTEED OPERATING RANGES
Symbof Parceter Hin Typ Max Unit
Vee Supply Voltage 54 4.5 8.0 85 v
74 475 5.0 525
TA Operuting Ambient Temperature Range 54 -55 25 129 °C
74 ¢] 75 70
10i4 Quiput Curent — Hegh 54,74 230 A
54 -12 mA
74 -15
ot Output Current — Low 54 12 mA
74 24
FAST AND LS TTL DATA
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SN54/74L.5240 « SN54/74L.S241 « SN54/ 7415244

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otharwise specified)

Limits
Symbol Parameter Min Typ Wax Unit Test Conditions
Vin InputHIGH Vottage 2.0 v Z‘[’f‘::"u:ed oL RIGH yalge for
s4 0.7
ViL Inout LOW Vottage = — v Zl‘xfrc‘-zieed input LOW Voltage for
VTaVT— Hysteresis 02 104 vV |Voo=MIN
VIK {nput Clamp Diode Vottage -065 | -1.5 vV |Vog=MIN, iy=—18mA
54,74 | 24 3.4 V | Voc =MIN, Igy =-3.0mA
Yoh Son e 54,74 2.0 Vv | Voo =MiIN, IoH = MAX
54,74 025 | 04 Vv |lgL=12mA Vee =Vee MIN,
VoL Qutput LOW Voitage VIN=VILOFVIH
74 035 | 05 VvV o {lop=24mA per Truth Table
lozH Output Off Current HIGH 20 pA | Vooc=MAX, VoyuT =27V
lozL Output Off Current LOW -20 uA | Voo =MAX VouT =04V
20 PA Voo =MAX ViN=2TV
it Ly 0.1 mA v((:;z =MAX, viN =70V
he input LOW Currect —02 | mA |Vco=MAX Vin=04V
10s Output Short Circuit Current (Note 1) | —40 —225 | mA |Vco=MAX
Power Supply Current
Tota!, Output HIGH 27
Total, Qutput LOW | LS240 44
lcc (5241244 vl Vg B Lt gy
Total at HIGH Z 1LS240 50
152411244 54 o -
Note 1:thmmthanoneoutpo&shouubestmada!am.mformoremn1 second.
AC CHARACTERISTICS (T4 =25°C, Vcc =50V)
Uimits
Symbol Parameter Min Typ #ax | Unit Test Conditions
teLH Propagation Delay, Data to Output 9.0 14
toHL LS240 12 18 g
teLH Propagation Detay, Data to Output 12 18 e CL =45pF,
toHL 1LS241/244 12 18 R =667 Q
tpzH Output Enable Time to HIGH Level 1§ 23 ns
tpzL Output Enable Time to LOW Level 20 30 ns
tprz Output Disable Time from LOVY Level 15 25 ns C =5.0 pF.
topz Output Disable Time from HIGH Level 10 18 ns RL=667Q
FAST AND LS TTL DATA
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SN54/74L.S240 « SN54/74L.S241 « SN54/74L.5244

AC WAVEFORMS

VIN 13V ( 1.3V
il = tpHL
VouT 13v 13V
Figure 1
Figure 2
Ve
13v 13V
VE 13
71 tpz
VouTt 13V =13V
(AL
05V
Figure 3

Vee
R
Swi
TO QUTPUT P
UNDER TEST
[
5kQ
— c SW2 /
SWITCH POSITIONS
SYMEOL swt SvR2
tpzH Open Closed
Y Clezed Dpen
tpz  Closed Closed
tpyz Closed Closed
Figure 5

FAST AND LS TTL DATA



MAOTOROLA

OCTAL BUS TRANSCEIVER

The SN54/741.S245 is an Octal Bus Transmitter/Receiver designed for
8-ine asynchronous 2-way data communication between data buses.
Direction Input (DR) controls transmission of Data from bus A to bus B or bus
B to bus A depending upon its logic level. The Enable input (E) can he used

to isolate the buses.

o Hysteresis Inputs to Improve Noise Immunity
2-Way Asynchronous Data Bus Communication

o Input Diodes Limit High-Speed Termination Effects
e ESD > 3500 Volts

LOGIC AND CONNECTION DIAGRAMS DIP (TOP VIEW)

Vec E Bl B2 83 B4 BS B6 . BT B8

[ ][0} (e ][] [e]les [ se]lsa 2] [51]

TRUTH TABLE

=5

Hias
-t

NPUTS
DIR

L Bus B Data to Bus A
H Bus ADatatoBus B
X {solation

H = HIGH Voitage Level

L = LOW Voltage Levsl
X = Immaterial

ouTPUT

ITrerfm

GUARANTEED OPERATING RANGES

SN54/74L.S245

OCTAL BUS TRANSCEIVER
LOW POWER SCHOTTKY

J SUFFIX
CERAMIC
CASE 732-03

N SUFFIX
PLASTIC
CASE 73803

DW SUFFIX
SOiC
CASE 751D-03

ORDERING INFORMATION

SNSALSXXXS  Ceramic
SN74LSXXXN  Piastic
SN74LSXXXDW SOIC

Symbol Parameter Min Typ Max Unit
Vce Suppty Voltage 54 4.5 5.0 55 \
74 475 5.0 5.25
TaA Operating Ambient Temperature Range 54 -55 25 125 °C
74 0 25 70
loH Output Current — High 54,74 -3.0 mA
54 -12 mA
74 -15
loL Output Curent — Low 54 12 mA
74 24

FAST AND LS TTL DATA
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SN54/741L.5245
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
LUimits
Symbc;i Parameter Min Typ Max Uait Test Conditions
ViH Input HIGH Voltage 20 v gff;;gied InpgtHIGH eKagailor
viL input LOW Vottage :: 3:2 v f}ff‘:jg::m T
VT+V7- | Hysteresis 0.2 0.4 \ Vee = MIN
ViK Input Clamp Dicde Vottage -065 | -1.5 V. {Voo=MIN, |y=-18 mA
Vel i Output HIGH Vottage 54,74 24 34 \Y Voo =MIN, g =-3.0 mA
54,74 2.0 \' Ve =MIN, 1o = MAX
54,74 025 | 04 V. floL=12mA Vce =Vee MIN,
VoL Output LOW Voltage VIN = VjLor ViH
: 74 035 | o5 vV |lop=24mA per Truth Table
lozH Output Off Current HIGH /20 HA Ve =MAX, VoyT =27V
lozL ‘| Output Off Current LOW —200 BA Voo =MAX VoyT =04V
AorB, DRorE 20 MA | Voo =MAX, ViN=2T7V
nH Input HIGH Current  {DRorE 0.1 mA | Voo =MAX, Viy=7.0V
AorB 01 mA Ve =MAX VinN=55V
L Input LOW Current : -02 mA  |Voo =MAX V=04V
los ' Output Short Circuit Current (Note 1) -40 -225 mA Voo =MAX
Power Supply Current
Total, Output HIGH 70
lcc Total, Output LOW WA g LG AR
Total at HIGH Z 85 !
Note 1: Not more than one output shouid be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Tp =25°C, Voo =50 V. TRise/TrarL < 6.0 ns)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
:gh’: Propagation Delay, Data to Output 28 :‘Z ns
: C =45 pF,
tpzH Output Enable Time to HIGH Leve 25 40 ns R =6670Q
tpzL Output Enable Time to LOW Level 27 40 ns
terz Output Disable Time from LOW Leve! 183 25 ns CL=5.0pF
tpHZ Output Disable Time from HIGH Level 15 25 ns R =5670
.
FAST AND LS TTL DATA )
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1 L S
@ MOTOROLA : ) SN54/741.S682

. SN54/74L5684
— * : 'SN54/74L5688

————

4 “__'
DESCRIPTION — The SNS4LS/74L.S682, 634, 688 are 8-bit magni-
. tude comparators. These device types are designed to perform I
comparisons between two eight-bit binary or BCD words. All 8-8IT MAGNITUDE
device types provide P=Q outputs and the LS682 and LS684 have COMPARATORS
P>Q outputs also.
The LS682, LS684 and LS688 are totem pole devices. The LS682 LOW POWER SCHOTTKY
has a 20 Kk pullup resistor on the Q inputs for analog or switch
et ehl data.
FUNCTION TABLE
A 4 INPUTS QUTPUTS
] DATA ENABLES
5=5 15— |outeut ouTPUT : ey e S
il TXee PO | P28 | evaste CONFIGURATION | PULLUP P.a NGAST- | &2 | 7=a | 751
i L5682 | yes | yes no totem-pole yes P=q L L e H
Lse83 yves Yes na open-coliector Yes p>Q L L H L
I P<Q L 5 H H
f LSe84 Yes Yes no totem-pole no X H H H H
1 Lsé8s ves yes no open-collector no
i LS686 Yes yes ves | totem-pote o H = high tevel, L= low level, X== irretevant
—_— ! Ls687 yes yes yes open-collector no
i ;LSB& ves /| no yes totem-pale no
Ls&gg ] yeo no yes open-collector no
) ; CONNECTION DIAGRAMS
' (TOP ViEW)
— 4
7{[ oy SNS4LS74LS682/684 L
f>a (1 Vcc
eo [z i3] 7=g
l oo l3 18] a7
I P1{4 17| P7
aifs 16] as
26 15| ps
a7 E as
e3fs 13] ps
a3 n 12| a4
6o [1o] B P4
\d J Suffix — Case 73203 (Ceramic}
! N Suffix — Case 738-03 (Plastic)
FAST AND LS TTL DATA
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SNS4/74L5682 e SNS4/7415684 @ SN54/74L.S688

A e s

GUARANTEED OPERATING RANGES 4

-4

!

Ll

'E SYMBOL PARAMETER MIN TYP MAX unNeT
. Vee Supply Voltage 54 4.5 5.0 5.5 Y

74 4.75 5.0 5.25

2 TA Operating Ambient Temperature Range 54 —55 25 125 sc
o 4 (0] 25 70

1 : loH Output Current — High 54,74 54 R
,]' : loL Output Current — Low 54 12 mA
it '-5 : 74 24

g T—

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

. LIMIT.
XER SYmMscL PARAMETER N TYPS AR UNITS TEST CONCITIONS
i )
: . Vi e 4 H(GH Voltage 20 v iﬁ?rl;zzzed Input HIGH Vokage for
i | sa 0.7 Guaranteed Input LOW Voltage for
43 ViL Input LOW Vottage l P 08 \p All Inputs
b1 H
i i Vik Input Clamp Diode Voltage —065 |[—1.5 v Ve = MIN, [y =—-18 mA
|- 54 25 35 v Voo = MIN, log = MAX. Viy = Viy
; gl VoH Output HIGH Voftage 74 27 35 v oc Vi per Truth Table
3!‘ A 54.74 025 | 04 v loL= 12 mA |Vee = Veg MIN,
A% u« VoL Output LOW Voltage = 035 ols v oL =24 mA | VIN = VIt or Vi
35 per Truth Table
20 LA Vec=MAX Viy=2.7V
Iy Input HIGH Current lfnieuzts-oj 0.1 mA Vee=MAX V=55V
Others | 0.1 mA Vee =MAX. Viy = 7.0V
LlSS8u2ts-Q —04"| mA
I Inpet LOW Cucrent 0 Vee=MAX, vy =0.4 V
5 Others —02 mA
los Short Circuit Current -3¢ | . -120 | mA Voo = MA
5682 70 mA
lce Powver Supply Current LSeg4 §540) rr:A Vee = MAX
LSess NN ESS,

FAST AND LS TTL DATA
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UNIT

°c

mA

mA

=ViH

i85 -

|

pr (1
a7'l®

SNS4/74LS682  SNS4/74LS684 o SNS4/74L.5688

LOGIC DIAGRAMS

asi
S —p<
[$L1] ‘:&
(13,
s
os ! .;DC
01y
Pe
12), s ]
°‘l;¢°-’ Do 9y
(2] I
03 Blg s e
o2 o
Q2 .(_n.go.r — 2
g
" .
Q1 —por
o2
[+] EW L
™
Q2
“
Pl
St
at
@
)
@
e
e — ¢ —=
SNS4LS(T4LS682 theu LS634 SNs4ts74Ls688

A-9

(§3-1]

FAST AND LS TTL DATA
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SNS54/741.5682 @ SNS4/74LS634 @ SNS4/74LS688

AC CHARACTERISTICS: T4 = 25°C 7

SNS4LS/741S682

T 5
1ATS e
sSymeoL PARAMETER N LTYP AHX—— UNITS TEST CONDITIONS
eLy : = 13l nos
PHL Propagation Delay, PloP=Q 15 25 ns
:::}: Propagation Delay, Q1o P = Q :g ;g ns Vec=5.0V
Ci =45 pF
tPLH : S=p 20 30 RL =667 0
et Propagation Delay, Pto P >Q 15 30 ns L
By : S 21 30
tagist Propagation Delay, Qto P> Q 19 20 ns
SN54LS/74LS684
MITS =
sSymMeoL PARAMETER v UTYP MAX !JMTS TEST CONDITIONS
P 1 25
:;:—(’: Propagation Delay, Pto P=Q 1-51 25 ns
P 16 25
m Propagation Delay, Qto P=Q 15 25 ns Vcc=5.0V
C =4S pF
tPLH Propagation Delay, Pto P> Q - . ns RL=667Q
teHL - Y. WS |§30
tPLH ¢ oy 24 30
torud Propagation Delay, Qto P> Q 20 30 ns
SNS4LS/74LS688
UMITS
SYMBOL PARAMETER MIN ~F MAX UNITS TEST CONDITIONS
-PLH 4 P 2 18
tPHL Propagation Delay, Pto P=0Q 5 17 23 as i
e 12 i -
::'i Propagation Delay, Qo P=Q 17 2§ ns - CL =45 pF
R_L=667Q
PLH Propagation Deiay, G, G1 o P=Q 3 e ns s =
vy ropagation Deiay, G, o P= | 13 20 |

FAST AND LS TTL DATA
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J Suffix — Case 632-08 (Ceramic)
N Sutfix — Case 6§46-06 (Plastic)

A=11

SN54/741502

QUAD 2-INPUT NOR GATE

LOW POWER SCHOTTKY

GUARANTEED OPERATING RANGES
SYMBOL F PARAMETER ; MIN TYpP MAX UNIT
Vee Supply Voltage sS4 4.5 5.0 5.5 v
74 4.7s 5.0 §.25
. Ta Operating Ambient Temperature Range SH) - ~55 255, 125 o
74 [¢] 25 70
lox Output Current — High 54.74 —-04 mA
loL Qutput Current — Low 54 4.0 mA
74 8.0
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE {unless otherwise specified)
g LIMITS
SY M R INIT CONOITIONS
80L PARAMETE MIN ~F ] UNITS TEST CO
Vi Input HIGH Vattage 2.0 v Guaranteed Input HIGH Voltage for
All Inputs
54 0.7 Guaranteed Input LOW Voltage for
Vit Input LOW Vohage = og v All Inputs
Vig Iaput Clamp Dicde Voltage =0.65| =15 v Ve =MIN, iy = —18 mA
54 25 35 v Vee = MIN, loy = MAX. Viy = Vg
V Output HIGH Vohage
OH o 74 27 3.5 v or Vi per Truth Table
\ x ~L Y, 54,74 0.25 0.4 v loL =4.0mA | Voo =Vee MIN,
oL utput LOW Voltage B E VIN = Vi or Vig
o 035 | 05 Y P | s T racia
20 A |V =MAX Viy=27 v
! Input HIGH C t
iH P HIGH Congg o1 | ma [vec=mMAx vn=70v
(8 Input LOW Current —0.4 mA’ Vec =MAX Viy =04 Vv
i los Shoa Circuit Current —-20 -100 mA Vce = MAX
[ Power Supply Current
Icc Total. Output HIGH 3.2 &
: Total, Output LOW Sa:) A | Vec=MaAx
4
i " AC CHARACTERISTICS: Tp = 25°C
i
i UMTs
I3 1 SYMBOL PARAM R =
b o] ETE! MIN ~F MAX UNITS TEST CONDITIONS
: o H Turn Off Delay. Input to Output 10 15 ns Vec=5.0v
i oL Turmn On Delay, Input to Output 10 15 ns CL=15pF

FAST AND LS TTL DATA
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CURRENT

Logic Products

FUNCTION TABLE

Gates .

A=12

7402, 1S02,:502

Quad Two-nput NOR Gate
Product ‘Specitication

TYPE TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT
OELAY (TOTAL
7402 10ns 1ImA
741532 10ns 22mA
74802 35ae 2mA

ORDERING CODE

COMMERCIAL RANGE
yACKAGES Yoo =5V 15%; TA=C°C to +70°C
Plastic DiP N7402N, N74LSO2N, NT4S02N
Plassic SO N74LS320, N74S020

NQTE:

300 e Sonescs Mditary Products

For nk " . 5

d %0 Mitary Speci

IRPUTS OUTPUT Osta Manual,
A B Y
& = & INPUT AND OUSTPUT LOADING AND FAM-OUT TABLE
L H L PINS DESCARIPTION 74 74s 748
: : t A B tputs 1 1Sul s
H = HIGH vokage level X Output 10ul 1054 1005
L = LOW voltage level NOTE:
WM--Nui\bdMiW‘ut)Ml“m-lmh{thuib-.(SuniS')u\t.‘m
-20MA I, and T4LS uk load (LS I 20pA Ly and —0.4mA Ig.
PN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC)
A i = 2 I~
(I ] Vee T Y., 225 =
= =% zi?'_ n
& QE e Y. s s
g (O] @-— = :
0 o e "
&= O e
A, 1
o o :;:D—lu A E&




7402,

LS02, +302

=12

Gates .
Quad Two-nput NOR Gate
Product Spectiication
Logic Products
CURRENT TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT
DELAY (TOTAL
7402 10ns T1mA
741502 10ns 22mA
74502 350 2mA
ORDERING CODE
COMMERCIAL RANGE
SASAgES Yoo =SV £5%; TA=0°C to +70°C
Ftary Procuces Plastic D@ N7402N, NT4LSO2N, N74S02N
Plassic SO N74LS320, NT4S020
FUNCTION TABLE NOTE:
For Ink Qarding devices © Spacifi e Sonetcs biditary Products
L L1 $Aitacy E nd
| YRW{ WA Y
. 3 i INPUT AND O!STPUT LOADING AND FAM-OUT TABLE
: H L PINS DESCAPTION 74 74s 74S
H h t A8 tputs 1o 1Sul su
H = FIGH volage level Y Outpet 10 105 100Sud
U= LOW voRage Sevel NOTE-
Whare & 74 unit 20eud () is Undherstood "D £3 40uA d — 1.6MA Iy, 3 745 Unkt foae (Suf) is S9A Lyq and
-z_o-mxt,--dmsuumkmmt"m—o.mk.
2) PiN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC)

{

>1 1

It

o

L
|

l:

n

e




~ et~ 4 veam MU L Ie e e S bt G SNy e g 2
.” o5 Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
i
gy .- - Package Package Package Package ; Pack:
i Device Type Device Type Device Type - Device Type Devica Type
it clPmleA °°v'e® TP cTaTmIcH e [cTP[mcH c[P[McA cirls
p ! = SNSAST2 3O 1 SNS41 Sa2 @ |wf SNz o [w{ SNs4LoZ J QN1
T.L SNT4Se2 J OINT SNT‘LSaZ JDIND{ | | SN0z ) DN SNz J QNG
AIRCH] Ao/ Ners L) ) SN2/ Tz L) 10| FMs4a2/Fusnez Jo F
F Lo /s sT|rD| |r0 o /R 0[r0| ro|Fcrmrcnag jooPd !
T : UCSi0Z Ico) F o i
MOTOROLA SNLS02 POl MC102z LoiP  FQy 3 1
B ; OMSALS? OWsaaz TOND]_ [waf Omsiez TOND] <
e OWTALS® OMreaz N oMuLeZ TTRD
PHILIPS NS0 T NS0 (1B Fmniria 43 i
S$5402 F CA Oy wy 4
SIGNETICS N14S02 T N14L 502 A QD N7402 F DAD]
SIEMENS FUHISC [
: FUJITSU TS0z e [T R INE ]
HITACH! HioTi562 T HOT4LS02 o HO02/H0Z511 | OfP
; 2
MITSUBISHI TS0z Fo MS1202 3=
NeC g | wez o TicT
AR / |
TOSHBA | H W% £
Electrical Characteristi 4L.S02 H
3 e > racteristics SNS4LS02/SN74LSO Schematics (each gate) i
obsolute masimum ratings ever e0eralng free-aw temperature range
Swesry voneer Vg [ ™~ Uorrarny Pee-or [snseLs] -%T w 5C :
ot worioge ) ™ e od ls""‘- T w» wT L3 5
1 S oo gt Wmorrators omge - —4T v tsaC hodes 1 "
fecommended operating cenditions: A
snsaLsaz SN74LS02 w4 ,
e O A X v POt MAX
vy o Veo F s s ss |an TR AL Sere T2 CIRCUIT
Mg et St e 0y . ned el - a
Lot oo Geemt_ag 4 [ e
Ovretrg bev-or semomeise. T -% s ] x X : s 1 7
electrical charanteristics over recommended operating ? Lol
free-air temperature range 2 :
PARAMTER TEST CONOITIONS T | MIN TYPT MAX | UNIT i -
Vin Hgrterel vout voltage 2 v
- Vig Low=tevel wcul voltage 0.3 v
vy 1nout clamo woitage YECmMIN, lym—(gmA 2 USHTY
= VEC=MIN, Vi =V max.
VoH  Heomrievel outout voltage Yomm=tAX 27434 V: i
Vv, 1 H™~
VOL  Lowsteved outout voitage } cc-::" Vin=2v. 0.5 0.4) v 3
X X
Irout curvent at = 5 W2 cIrCUIT g
" matmen ot voti, e VCCEMAX, Vim 1y s T
Hon“evet -
UL Deee s, ,0‘" oS | VEIwMAX. Viq=2.7v | 4 ;
1 “otes o Vegr AAK. Vo =0 v Py ‘)’:
<he o L a8 wouts "4 o L 9.4 k4
-3
105 Sho. et et creni @ | vogEMAL, }%;::::: _: _:: nA . K
ICCH S0ty asrent veg=max Total, cutputs hign . 1.6 3.2| mA e - 3
ICCL_ Suoviv cusrent Total. outputs low 28 S| ma b » = 2
Average per gate B b
[l Swoot: cent vee=sSv - »eyTs -k
c¢ T cs (50 auty eycte) 855 24 A—fe F
3 Pronagaton celyy tume, r TR
i - by = 1. ama
b e o Vee=5V. Ta=2T 1 s{ s o] ~ : “LS0Z CIRCUIT
Prooagaton celay twme, ¥ ?
s PHL g e s CL=IS9F, R =20 10 1Sf rs ez &"
4 Pin Assig.uments (Top View) : % 3
& . .
& . :
O] @ 5
3 Vec 4v 48 4 3y 38 u 4Y 48 LA CND 38 3A 3v i
e 3
tel 1l Toa] Jui] fuo]-T9] [@] o £
b
eyt 9
3 o
‘LO2 CIRCUIT s
9
a0 .
IREIpIninEis Okl HA *
4 8 1Y veg IV A Py
i Positive fogic: T
: Y=aTE Resistor values shown are nominal and in ohms
1 For conditons showm 28 MIN o MAX. vie the acoroorute vake tred under

tng

' AN typcal vavves ace at Voo=SY, T,=25T.
SNt more 1an one ovttut 3hould te shorted at ¢ fume, ond for SNS4S'/SNTLS®, durateon of Qulput short-cwcuit 3hould Not excend one second,
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@ MOTOorOLA

SN54/7415273

DESCRIPTION — The SN54LS/74LS273 is a high-speed 8-Bit
Register. The register consists of eight D-Tvpe Flip-Flops with a
Common Clock and an asynchronous active LOW Master Reset. This a
device is supplied ir 2 20-pin package f2aturing 0.3 inch lead spacing.

® B-BIT HIGH SPEED REGISTER

® PARALLEL REGISTER

© COMMON CLOCK AND MASTER RESET

© INPUT CLAMP DIODES umMIT HIGH-SPEED TERMINATION
EFFECTS

OCTAL D FLIP-FLOP WITH CLEAR

LOW POWER SCHOTTKY

PIN NAMES LOADING (Note a) CONNECTION DIAGRAM

Ol (ToP viewy

cpP Clock (Active HIGH Going Edge) lnput
E%— 07 Data lnputs
M Master Reset (Active LOW) Input

Q-Q7  Register Outpucs (Note b)

NOTES:

2. 1 TTL Unit Losd U.L) = 40 uA HIGH/1.6 mA LOowW.

b. The OquOW«M(mejULWMHH:q(&)nMSU.L for
Con?«md..(aﬂ Tmu—cﬂ«vc:.

TRUTH TABLE

J Suffix — Case 7223 (Ceramic)
N Suffix — Case 7383 (Plastic)

H = High Logic Level
L=Low Logic Leve(
X = Immateriai

LOGIC DIAGRAM 0) )
® \ 1
< o
o Q

Vee =Pin 20
GNOD = Pin 10

QO = Pin Numbers @

MRt %
I .

FAST AND LS TTL DATA
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SN54/7415273

FUNCTIONAL DESCRIPTION — The SNS4LS/74LS273 is an 8-8it Paralle( Register with a common Clock and
common Master Reset.

. independent of the other inputs. Information meeting the setup
t0-HIGH transition of the clock
input

GUARANTEED OPERATING RANGES

SYMBOL PARAMETER
Supply Vottage

bC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE
SYMBCL PARAMETER < g

(unless ctherwise specified)

TEST CONDITIONS

Vit ’ {6pet HIGH Vortage zt::;:mmeed Inout HIGH Vottage for
Guaranteed Input LOW Votage for

ViL ’ put LOw Voltage All lnputs

Vik | input Clamp Dioge Voftage

Vce = MIN, IN=—18 mA

VoH I Ouput HIGH Vaottage

Ve = MIN, lop = MAX, Vi = ViH
’ v o ViL_ per Teuth Table

i 54,74 025 | 04 | v | tor=40ma Veo=Veo MIN,

VoL l O LOW Votiage 74 035 | 05 [TV [loL=80mA] Vin= Vi orVig
per Truth Table
| | 20 | A |Vec=MAX vy =27 v
1 DUt HIGH Current
H l HIGH Cu ‘ /) A | Vec= X v = 7.0V
ALy - NN erh _jeirc i =1

fi, FOUt LOW Current A Vec=MAX, Viy =04 v
los

Ve = Max

FAST AND Ls TTL DATA . i
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SN54/741.5273
AC CHARACTERISTICS: To = 25°C, Vee=50V
SYMsoL PARAMETER IMITS UNITS TEST CUNDITIONS
MIN | TYP MAX i
fMAX Maximum (nput Clock Frequency 30 40 MHz Fig. 1
PHL Propagation Delay, MR to Q Output 18 27 ns Fig. 2
ey : ety 27
el Propagatio~ Delay, Clock to Output 18 27 ns Fig. 1
AC SETUP REQUIREMENTS: Ta =25°C, Vee=5.0V
LIMITS
M P. M R UNITS ST CONDITIONS
SYMBOL 'ARAMETE N ~F VA TE C
|99 Pulse Width, Clock or Clear 20 ns Fig. 1
ts Data Setup Time 20 L Fig- 1
g Hold Time 5.0 ns Fig. 1
teac Recovery Time ] ns Fig. 2
AC WAVEFORMS
CLOCK TO OUTPUT DELAYS, MASTER RESET TO OUTPUT DELAY,
CLOCK PULSE WIOTH, FREQUENCY, MASTER RESET PULSE WIDTH,
SETUP AND HOLD TIMES DATA TO CLOCK AND MASTER RESET RECOVERY TIME

‘ﬁi
13v l 2 13v
—— et ‘
'limmuMkame
o pee 0ic’ Wie ou.put peddormance.

Fig. 1 Fig. 2

DEFINITION OF TERMS:

SETUP TIME (t5) —is.defined as the minimum time required for the correct logic level to be present at the logicinput
prior to the clock transition from LOW-to-HIGH in order to be recognized and transferred to the outputs.

HOLD TIME (th) — is defined as the minimum time following the clock transition from LOW-to-HIGH that the logic level
must be maintained at the input in crder to ensure continued recognition. A negative HOLD TIME indicates that the
correct logic level may be released prior to the clock transition from LOW-to-HIGH and still be recognized.
RECOVERY TIME (trec) — is defined as the minimum time required between the end of the resetpulse and the clock
transition from,LOW-to-HIGH in order to recognize and transfer HIGH data to the Q outputs.

FAST AND LS TTL DATA
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{oglc Products

—

TURES
 Ideal butfer for MOS

Flip-Flops -

‘Octal D Rip-Flops ™~ =
Product Specification i

7415273, '$273

fA-17 :

microprocessor of Y

Eight edge-triggered D flip-fiops
ngh speed Schottky version
m(hb(-e

'i;

“\'}is« '373 focr transparent katch -
T4s > versioa

10 St

o L
-

>

See 374 for 3-state version

DESCRIPTION

é"nn ‘273 hes eight edge-triggerad D-
Npe fip-fiops with individual D inputs

Om&ﬂnecommnb(m«ed
Clock (CP) and Master Reset (MR) in-
foad and resat (clez) afl flip-flops

Eg

lureqis&erisufyodgfﬁggmd.me
te of each D ivput, one set-tp time
cxeme LOW-10-HIGH clock transi-

94

2 TYPICAL SUPPLY CURRENT
TYPE TYPICAL {
“AX (TOTAL)
7405273 40MHz 17mA
745273 95MHz 109mA

ORDERING CODE

phokacEs, Vee =?Vw:s%: Ta= OR‘SN‘ZEE +70°C

Plastic DtP N74S273N, N74LS273N

Plastic SOL-20 NT74LS2730, N74S2730
NOTE:
Fox infoamation regarding devices d 10 Waitary S 304 the Saetics Maitary Products
Osta Marwel i
INPUT AND OUTPUT LOADING AND FAN-OUT TABLE

PINS DESCRIPTION 74S 74LS

A fnputs 1Sdd 1Lsu

Al Outputs 10Sul 100Su!

HOTE:

A7¢Su\ﬂk‘...1(’$dleOMl.¢nﬂ-lMl._lﬁdl.74LSu(ib‘d0.Sd)h20Ml“|nd-0AmAH_.

tior, ks transfered to the comesponding
fiip-fiop's Q output.

All autputs will be forced LOW indepen-
dently of Clock or Data inputs by a LOW

voftage fevel on the MR input. The
devics is useful for applications where
tha true output only is required and the
Clock and Master Resat are common to
all storage elements.

! PIN CONFIGURATION - - LOGIC SYMBOL LOGIC SYMBOL (IEEE/(EC)
|
= ] - 7] Yoo o
R E3 ] o 1 g 1 &M 10D LIS M
% (5] oy | A AL | e Hbet
o (] 7] o ' 9 cp% Oy ©2 03 0 Og Og O 5 X
& & W] og ; _:t.w B
e
<& cofE e ST oo o 6 o ] —
% 1 54 Tl el =] ET
& (] ] o 2 € ¢ 0 12 16 W% _::__ __"%
aq . [@e '- .
awa o . ' [Mer (asarres
Voo =P 20
GRO = P 10

171
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e Powe Schottky TTL «-u@-s;se'?d TTL Low-Power Schattky TTL Standard TTL Low- Power °
h Package 3 °| Package .. Package | - Package ¥ P
Devica T Device T: Device T Device Device T
Tyeerere > R P [eTPMicel % TP [CTe M icH TrPe [CTP M cH] ’p"lcl
i ! 1o
T gi‘ SH14SZT3 ND SNTLS2TI 3 TND| PYRIYIE] -~ TN |
s el i - (B
blons : (18] % = i
— o i
= GTOROLA ; ]
i l 1% -
: S H NI S273 [ 1 8]
B | 1 hEN]
mRL [ | : | =
] ! T
i S : Tl (l ' Bl
: f— T Tk et T i
‘ : MSU i et oo e :
11 . . 4 . * 3
— {33ffmcHt —— e ] —
R ’m;g ! i e ! IR :
R o : R WICs2T3 i P} i
S N Toved T
' o ., (BN .
S Ty i ; S, ] =
: Electrical Characteristics / SN74L.5273 Pn Assignment (Top view)
gwe_mnximum ratings over operating free-air temperature range w e« W % cuoex
.' $arty sttage. Voo v Opecating fros-ac | [ 15] fue
‘ e vaftage I temperature r‘!!gi ! mas ‘ ) -
Storage temperature renge | —65C_ to 1T

recommended operating conditions

; MO NOM  MAX KT @
; oty sace. Voo Las> S B2shY
- el ovpt ek Lo =400 ix A F G
level ot X Current, log 8 [mA S cx° <
g e 9, odort ) 30 WKz < ] e
| S o ook or clesc puise. e 2 , Y Lo
P . " 6 b 3
4 A i ’I(D:::l::mu- ;c; s x E) 0 < o
L b A te, Uhold St ~
boving free- aic temperature, Ty ] 01T Postive logic see (unction table

electrical characteristics over recommended opecating

Tres-ec temperature range e
_ __PARAMETER ¥ T 7 TEST CONDTIONS Te TPt MAX wT|
High-lovel input voltage | 2 iV P -
* Lowlevel ot voltege | as!v Function Table
o ot camg voltage [ YCC = MM, ) «lgmA =S| v

[ Voo W, Vgis 2V, ‘€273 (EACH FILP-FLOP)

"L Hirsi~t ogg g volt - ¢ /Y
> S v etV gy e —an0uk 27 i ) . :
o Vo= MM, Vey -2V, T INPU'TS IOUTPUT :‘ ::ﬁ W((’«adv ,,.(.’,
L tovel volt. i 3 5 035 0S|V 3 . lovel (steady mate
: R R N2 e, o i 55 CLEAR CLOCK u: Q B
bout owrent 2t maximum 3 : (= -4 Xy {58 ! < teansition O low 1o Ngn bewed
3 "~ volt age VCCPARD Yt Tv b 92 {"A : H a H H H Qg =the lavel of O before the wnccate
3 High- Lot T Y : Steady- state IR CONTILONS e
ot current Vee sMAX, V=23V 2 uA ‘j’_ R = entaplished.
;
Lowteval i [ H L Xi g
: R ‘Vcc SMAX, Vr0.aV 0.4 tmA s e
J BB Short-cieait output ourrentes Vo « MAX -20 . =100 [m4
& __Swdly corcent TV "HAX. See Noe 112 jma
Mesmum dock frequency | 30 49 "MHZ
ot MO RS 7 G . : 2 )
o feom dioar :  VYoc-SV, Ta.se PRI : Functional Block Diagram
—— 1 L «I%F, .
ot feom clock . 7 2110

- R 2«
1 L

: : . %T = E_j e e ]‘,:- e
T | Chbbhes
- e e e e

e o b b
T i 1pts open and 4.5V soplied 0 sll data and dlear inputs. IoG i messured 273 OCTAL O- TYPE FLIP- FLOP WITH CLEAR
R ¢ dter & momentacy ground, then 4.5V. i applied to dlock. i . .
hugh- lavel oot
of ww'"“‘w
U]
”.“- 10w ndicates that the riting edge of the clock pulse is wsed for relerenca.
Log E0ons shown a3 MIN or MAX, usa the appropriate velua spacified under ing cond
e ™ valoos we at Vog € SV, Ta e 25C.
o Sace (han 0ne output should be shocted ar & time.
’l“"l"m‘a(m dolay tima. low-1t o= high- bevel output

"("uwnm deloy time. Nheto-kows bovel output J
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. @ MOTOROLA SN54/741S373
SN54/741LS374

DESCRIPTION — The SN54LS/74LS373 consists of eight latches

ﬂ with 3-state outputs for bus organized sysiem applications. The flip-
v flops appear transparent to the data (data changes aSynchronously)
when Latch Enable (LE)is HIGH. When LE is LOW. the data that meets
°c the setup times is latched. Data appears on the bus when the Output OCTAL TRANSPARENT LATCH
Enable (OF) is LOW. When OE is HIGH the bus output is in the high WITH 3-STATE QUTPUTS;
mA impedence state.
i OCTAL D-TYPE FLIP-FLOP
mA The SN54LS/74LS374 s a high-speed. low-power Octal D-typ2 Flip- WITH 3-STATE OUTPUT
Flop featuring separate D-type inputs for each flip-flop and 3-state
= outputs for bus oriented applications. A.bufiered Clock (CP) and Output LOW POWER SCHOTTKY

Enable (OE) is common to all flip-flops. The SN54LS/74LS374 is

manufactured using advanced Low Power Schottky technology and is

compatible with all Motorola TTL families. CONNECTION DIAGRAM
DIP (TOP VIEW)
o ® EIGHT LATCHES IN A SINGLE PACKAGE SNSALS/7ALS3T3
@ 3-STATE QUTPUTS FOR BUS INTERFACING
i ® HYSTERESIS ON LATCH ENABLE - & o "’3 Vee
or ® EDGE-TRIGGERED D-TYPE INPUTS d sl 1s(] 07
© BUFFERED POSITIVE EDGE-TRIGGERED CLOCK 3 =
@ HYSTERESIS ON CLOCKINPUT TO IMPROVL NOISE MARGIN °% 3 6] 0
Vi @ INPUT CLAMP DIODES UMIT HIGH SPEED TERMINATION o [« v %
EFFECTS o s 16{] %
L - o2 []s 5] 0
[ PIN NAMES LOADING (Notea) |- 0, 7 NmEN
—_—— HIGH| LOW o, e 13(] 0
_— Do-07 Data lnputs 6.5 U.LE o025t 0, [: 9 FmEN
LE Latch Enable (Active HIGH) Input 0.5u.L| 0.25U.L priis 1. Wi
CP Clock (Active HIGH going edge) Input 0Q5U.L| 0.25U.L.
—_ OE Qutput Enable (Active LOW) Input 05U.L] 025UL R ONBERTION DIAGRAM
e 00—07 Outputs (Note b) 65(25)U.L.115(7.5) U.L 1P (TOP VIEW]
NOTES: .
2. 1 TTL Unit Load (U.L) =40 pA HISH/ T S mA LCW. SNSl&Sﬂ‘Li:?4
P b. The Output LOW drive factor is 7.5 U.L for Military and 25 U.L for Commercial (74) _EC \./J = vee
Tcmo«nwequcs.n\cOuwHIGHckmhaarszsuL(oerrurv(Sl]andGSUL pegr - ] ve
for Commerdcia! (74) Tempeni. - Ranges. 00[: 5 " 3 oy
et 4 0- E 3 i1 j 0y
i F 04 C 4 17 j O¢
} TRUTH TABLE i
i o, C s 16 ':! 0g
£s373 LS374 o []s e,
e On |t | OE | On Dn | cP | OE | On o []7 «[Jos
H H L H i e H
o3[ e 13 (] 0.
L H L 15 Iz L L
INS X X T X X H z 1 B e B
G 0 c
H =HIGH Vottage Level NOE‘ nle
L= LOW Voitage Level 2 i
X = tmmaterial ; J Suffix — Case 732-03 (Ceramic)
Z = High Impedence + N Suffix — Case 738-03.(Plastic)
*Note: Contents of flip-fiops unatfectea by the state of the Output Enable input (OE) NOTE:
—— 3 The Flatpak version has the same
pinouts (Cannection Diagram) as

the Dual In-Line Package.

FAST AND LS TTL DATA
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SNS54/74LS373 © SN54/74LS374

LOGIC DIAGRAMS =

éN54L$/74LS373

emﬂll

o‘e 1
(9.7‘? =

=y S Y s

e

g

St ey
SESETET

i °° ,_° 2
ki 0
4 ;
i
:, '
H!‘ SN54LS/74LS374
3 04 04 0y 0,4 o, o o
@ Q ® G ® @ @ ®
cr D i
4 i [ 1 1 ) 1
c* 0 &FF n Cc?P o cP O [ W ce [ SO -
? T a_a o_a a_a a_a ol & a_a
ﬂ l ; [ % AI i [ i ) |
~ ) e IR |
© el B @ ® .®
Vce = Pin 20
GND = Pin 10
(O = Pin Numbers
GUARANTEED OPERATING JANGCES y
symsoL | - - PARAME iR MIN Tve MAX
Vee Suppty Voltage 25 45 5.0 S.5
74 4.75 5.0 5:25
Ta Operating Ambient Temperature Range 54 —55 25 125
74 o} 25 70
lOH Output Cucrent — High S4 -1.0 mA
74 -2.6
ot Output Current — Low 3 54 12 mA
74 24

FAST AND LS TTL DATA
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AC WAVEFORMS

Fig. 1

Fig. 2 Fig.3

AC LOAD CIRCUIT

SWITCH POSITIONS

symsoL | swi

ik

SWj/(
TO ouTAUT L2l Open. _|.
UNCER TEST ] 2L Closed
cown trLz Closed Closed

’ J ’ — Closed Closed
i sw2

“Includes Jip and Probe Capacitance.
Fig. 4

FAST AND LS TTL DATA
5-274



P soctcen,
G amaereato
. 366A, 367A, 368,1\{
OA, LS367A, LS368AF < el

e

‘{'jLoqlc Products

l.

- "JffEATURES

I ¢ 8-bIt transparent latch —'373

- ¢ 8-bit positive, edge-triggered

reglster—'374

| ¢ 3-State output buffers

. o« Common 3-State Output Enable

o Independant register and 3-State
butfer operation

7 DESCRIPTION

I The "373 s an octal transparent latch
; coupled to eight 3-State output butlers.
i The two sections of the device are
. controlled independantly by Latch En-
3 able (€) and Output Enabla ( OF) contrel
. gates.

8374

745373

A-22

o Tt <

Latches/Flip-Flops

373 Octal Transparent Latch With 3-State Outputs
'374 Octal D Flip-Flop WIith 3-State Outputs..
Product Specification

7418374, 5373,

S TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT I
DELAY (TOTAL)
7405373 19ns 24mA ]
745373 10as 105mA |
7415374 18ns 27mA
745374 8as 116mA

ORDERING CODE

COMMERCIAL RANGE

RN} Vee = SV 25%; T4 =0°C to +70°C
Plassc OIP N74LS3TIN, N74S3IT3N, N74LSI74N, N74SI7«N
Plasuc SOL-20 N74LS3730. N74S3730, N74LS3740, N74S3740
HOTE:
For intonmaton recardng Gevices pr d 10 Matary Sq 106 tha Signetcs Macary Procucts
Oeta Manuel
INPUT AND OUTPUT LOADING AND FAN-OUT TABLE
PINS DESCRIFTION s 74s
Al inputs 1Sl WS
Al Cutputs 10Sul LS

NOTE:

Whee 8 74S UK 1080 (Sui] is SORA bey and = 2.0mA L, 80d 2 74LS it Ioad (LSU) is 204A by and -0.4mA

.
PIN CONFIGURATION LOGIC SY~BOL LOGIC S;{MB‘OL (IEEC/EC)
’ = *373 R S . 374
R 2‘“ B ) 1 /8. 14 17 .8 e
© e )\ Rt/ : - § e
N P2V o AN :
o d TR P Y TR SO
273 Gy =) o :
! o =1 & vdoe -
i NG -. By 01 % 6 9 % o o
"G 7 o AN s gl |
& & ) % 2T 3 ¢ g 1w e
L L Voo = Pa 20 EGE
GNO = P 10
*374
aG = 3 4 r
& (0] =] & . 1“4 17w
~O ) oy 20 S £l
: Bla ] ay n -c-% Ll B 95 o0y
74 Na S o ;
6 () o v o€
o = % G 0 0 0, o a o
Qa [5) o | R Bl e
Gl I a, ¢ JREA By 156 e
| LS [ Voo = P 20 Ty
e el AL COmearet GNO = P 10

181




Latches/Flip-Aops

B
74LS373 7418374, S373, S374§

ThcdnummaD:waarawmodb
mmwmw&mmm
input is HIGH. The latch remains transperent
to the da‘a inputs while E is HIGH, and stores
the data present one set-up tme belcra the
HIGH-0-LOW enable transiton. The eaabia
gate hes hystecesis buitt in 10 help mismize
problems that signal and ground noise can
al.s_eog.mohuhgwﬁoa

The 3-State output buffers are designed to
drive heavly losded 3-State buses. MOS
memodes, or MOS microprocessors. The sc-
tve LOW Output Enable (OF) controls o
eight 3-Stats butfers independent of the latch

LOGIC DIAGRAM, ‘373

opecztion. When OF is LOW, the latched or
transparent data appears at the outputs.
When OF is HIGH, the outputs are in the
HIGH impedance "off” state, vshich means
they will neithec dave nor load the bus.
The "374 is an B-bil, edge-lriggered register
coupled 10 eight 3-State cutput butfecs. The
two sections of the device are controlted
independent, by the Clock (CPyrand Output
Enable (OF) control gates.

Tha registec is fuity edge triggered. The state
of each D input, one satwup lime belore the
LOW-to-HIGH clock ransition, is transfecred

10 the coresponding fip-ficp's Q output. Thy
dodcbuﬂ«hashys:«mbuﬂnbhq
mnimize problems that signal and grokng
NOiS@ €10 cause 00 the Cocking operaton,

The J-State output butters are designed
dave heawviy loaded 3-State buses, MOs
memones, or MOS microprocessors. The ac. &
tve LOW Output Enable (JE) controls o
eight 3-State butfecs independent of thuw
istec operaton. When UF is LOW, the data
the register 2ppears at the outputs. When IR

s HIGH, the outputs are in the HIGH imped
ance “off* state, which m«nslheyﬂ
mh«ammbadmbu.

7

13T 2\ BSLE % 0y 03 Lol 04 o O Ll ':_:
J 1117\ " @ - Loy e (tnf aa
b ) =
T o_] [ n_] € 07 3 o—, ¢ o 1 « T € o ¢ o | .
5 5 5 5 Y | 5 5 5 s
oGt F\";‘J.fl % ! %[ 1 é . ‘ % 1 ;T l £
4
& —q >
@ @ la lq ]m laa {3 : hw an ¥
o o o o o o o o o
Voo =fn 20 o
e § k.
LOGIC DIAGRAM, 4
. S 02 o o, - o o T
= ] m N e “un

o(i QP
.al R
of §

&=~ ! !
m R - fq - | [ ](m lo
e Sy By - Sz S o, oy
vq;-‘-n\ 2 i
Gfd)\-’h 10_' - 3 - . oo o
HODE SELECT-—FUNCTION TABLE ‘373 .~
L i INPUTS OUTPUTS
. OPERATKNG HOO@ INTERNAL REGISTER g
2 = ot € On Q-Qy
3 g e il ett L H L L RS
Enable and m‘d regisiar L H e M v
3 L L { [ L
Latch and read register C L h o o
> H L t L @
.. Lxich register and cEseble outputs H L S i post ;
@ A
! i
SH f IJ
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A-24

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power T3
[ T
- | Package Package . LF’ackago " Package : Packy,
Bevice Type Device Type Davice Type Device Type Cevice Type
- c|rP|mlcr clP|Mcr] [c]rim]ce clelmle cleln
TL SN$ISITI o) SNS4LS3IT3 1J @ B T
3 SNT4SITI P TN SN SIT3 |4 OING: 5
i | B
FAIRCHLD i i
i
MOTOROLA . i
. !
NS.C 1 B
Tt
PHILIPS -
SIGNETICS T vy
5 B
SIEMENS f L =
i sl | 1
FUJUITSU b T o T T
i ] i : 1
] 1 |
HITACH! IR I I ! :
| | T i ! )
MITSUBISHI el L P ' L
5 T AN | | =4
O\ TY ! | =
rEC f 1 7 ) {
TOSHIBA I : : .
f T -
liciz] | N ! ! R B
Electrical Characteristics SN54LS373/SN74L.5373 : -
Pin Assignments (Top View)
absolute maximum nlinz-s over operating free-air tempecature range
Sucpty voltage. Voo T3V [ Operating teoraw [snsacs | =3sT 10 25T R s e
Inout vottage TV temoerature rang= | snrecs 0T to 70T iy bt e L
| Storage temoerztce rarge —65T 1o 150T
c recommend aperating ca}\diticns TS,
i =
SNS4LS373 SN74LS373 lras e
MIN _NOM MAX | MIN NOM MAX o
Swooly voitage. Voo (X3 s s.clers s s v ji
Hon-level outou: current, 1o =1 =2.6| mA
Hon-evel outout voitage, VoK 5.5 &5, v
un un
Puise woelli] ] Clock enasie g | 15 15 5 tetimint st
[ Clock enatic ngn| 15 I3
Seglwo trme, sytye ‘0i al 3
Hold e, tngy 105 0! n3 B
Ooerating ee-as temperature, Ta -55 {F-3 [ nj| T rwﬂtr?mu L
alectrical charactaristics over recommended operating free-air 1
temperature rang= (unless otherwise noted) u 24
PARAMETER TEST CONDITIONST  |WMIN TYPT WAX | UNIT = editdl —‘{>— 3
ViH .. ilghtievel noul voltage 2 v E
Vi Low-teve! “out voltage o.3 v (52)
=
ViK Inout ctamo veitage VCC=MIN, ‘ym- [3mA - -1.5) v N E é 5 =
o = &4 =
VOH P level wict wiinge o kG W T v ; 6 ] <
Vi ®Vy men de = MAL i o i
Vo =MIN, i P o K
vou | owe-level outaut voltage Vi =2v. Izy =24ma 0.3 0.5 v [ !
Vit =V mas l a x
Off-state output cuwrreat. Voo =MAX, vy =2V, & n E 3 i
2 :
102 W gmievar voithge ssowsd vo m2.T¢ o e 2 ) 2 1 <
Cti-state outout curent, YCC™MAX V=2V, < 9 &
loze —N| ua a
low level vo™39¢ appirad Vo =0.4v o
N4t cucrent at AL RS o P 7o
" Voo =MAX. vinTy 2.1 ma
MILNUT «Oul vOitage = ¢ ]l
fie Hg-izvel wout current VeC =MAXTV(=2IV 20| nA . - a « ‘\
. Low-tevel oout current ] Vog =HAXV =6V =0.4| ma {5 5 :
los Shocicncuit output crent § | YCC =MAX ~30 —133]| ma 5o i S
z e =
VCo =MAX. = % e
'cC Suooly current 0uodt conwat at tav | TSI Y bisma =
- (R 23] P~
switching characteristics, Vee=5V, Ta=25C d 1
+~ ] (rs. ~—
parAmeTER | 19 II TEST CONOITIONS MIN TYP MAX | UNT = -
(INPUT) | (QUTPUT) z it AbE R Sk
1 | MHZ 2 2 1 l Py
ma e ¢ P
e
- 1 it

. L S [} 4ny Q L s d 8 = s

LTS ! CL=450F. Ry =6672 Ll an : : =
S 1] il .
n 20 L)

—‘P'L—J Cosior Aay O See Notes 2 and 3 =) ns é\"
PHL ens e (L] x ’ 9 |+
pzi: Oulput [ 28 > . oy

p——— - ™
P2l Conteot SN0 s x| ™ "‘;‘“-‘ﬂbo_‘ =
i Outout | CL=%F. a_=wm 1255 0 >
PH u! - . - -

A " -~
oLz Cont-at "0 | See Nate 3 5 | ™ : . {2
1 For conditions shown as MIN or MAX, use (h; vatue fred under NOTES: 2, Manwmum cbr‘l frequency 13 leste with i oulpuls toeded. s T
fperatng condilions., 1. See ked cwowmts and wavslorms on pem J-i1, L‘x
LAU typcat vares ore ot Voo =SV, Ty 25T, . Imax &manimum, clock fequancy M .
§Not more than one output 3hould be snorted 3t 8 ime 8nd duraton of the shor( Cocnt should 1PLH = propay. delay tuma, lov et output - % 3 "h.
ot esceed one second. g IPHL propegaton delay twme, Pegh=t0-low-tevel outout =
1PZH “outdul enatia (wns 1o hgh losel
IPZL S wipul enadia tme 1o low level = P

IPHZ Woutputl disadle time ‘from Magh lovel
PN . .
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ULN2803A
DARLINGTON TRANSISTOR ARRAY

SLRS049 - FEBRUARY1997

<00 mA Rated Collector Current (Single N PACKAGE
Output) (TOP VIEW)
High-Voltage Outputs ... 50 V 18] 1 ) Haa
Qutput Clamp Diodes 28[f2 17]] 2C
Inputs Compatible With Various Types of 3B[]3 16{] 3C
Logic 4Bl 4 I5{] 4C
® Relay Driver Applications s8]s  14f]sc
® Compatible with ULN2800A Series 68fs  nflec
78{17 12f}7¢
description ssfls  1fjsc
GND[} e 10{] com

The ULN2803A is a mondlithic high-voltage, high-current
Darlington transistor armray. The device consists of eight npn
Darlington pairs that feature high-voltage outputs with
common-cathode damp diodes for switching inductive loads. The
collector-current rating of each Darlington pair is 500 mA. The
Darlington pairs may be paralleled for higher current capability.

Appilications include relay drivers, hammer drivers, lamp drivers, display drivers (LED and gas discharge), line
drivers, and logic buffers. The ULN2803A has a2.7-kQ series base resistorfor each Darington pair for operation
directly with TTL or 5-V CMOS devices. '

The ULN2803A is offered in a standard 18-pin dual in-fine (N) package. The device is characterized for
operation over the temperature range of —20°C to 85°C.

logic symbolt logic diagram (positive logic)
1 18
10 iB < 1C
CLAMP ¥—— coM |
~1 rJ 2 v 17
1 18 28 <
18 5 G —1c D& [ ; =
28 — ¥—6 2c 3 de
1 s
e o< > T
5
48 p 5“14 4C 4 D f 15
B 5 J /4B
3
s b ‘{5 >0« | 14
78— T ey S8 5C
8 11 LH‘—‘
88 > gC 6 f 13
. 2 % 68 $ 6C
T This symbol is in accordance with ANSIIEEE Std 81-1984 l

and IEC Publication 617-12.
7 12
78 L2 7C

' 8 ! 1

. 88 8C
l b 10
’—_

Please be aware that an important notice conceming availability, standard warranty, and usa In critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

DATA Information fs carment 23 of publication drte. Copyright © 1997, Texas Instruments Incorporated
Texas
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ULN2803A
DARLINGTON TRANSISTOR ARRAY

SLRS049 - FEBRUARY 1997

schematic (each Darlington pair)

2.7 kQ 4—o—e OUTPUTC
Input B ‘L
A
7.2kQ 3kQ ’
—A\AA—F |
—eo——
-]
=

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)t

Colectoremitier voltage. Wl %~ XXXV /7 0 - NG o 50V
Inputvodtage(seeNoteﬂ....4........., ................................................... 30V
Continuous collector gt .. e SIS = NN\ 500 mA
Output clamp diode fligent ) $-\= O ¥ —[— "N\~ 500 mA
Total substrate-tergfighi cumgot- G M- N97, | | SO~V —Rewe. . \N —2.5A
Continuous dissipation at (or below) 25°C free-air temperature ... .c.oo..oooo i 1150 mwW
Operating free-air temperature range, Nl ./ U\ NS ML S N\ —20°C to 85°C
Storage temperature range, Tstg ................................................... —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seeonds gy fococt €F. .7 AN .. .. 260°C

T Stresses beyond thosa listed under “absolute maximum ratings® may cause pemanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absalute-maximum-rated conditions for extended periods may affect device relizbility.
NOTES: 1. All voltages values, unless otherwise nated, are with respect to the emitter/substrate terminal GND.

"4” TEXAS
INSTRUMENTS -

2 POST OFFICK BOX. 655303 ® DALLAS, TEXAS 75265
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ULNZ803A

DARLINGTON TRANSISTOR ARRAY

SLRS049 — FEBRUARY 1997

electrical characteristics at 25°C free-air temperature (uniess ctherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vcg=50V, §=0,
ICE> llector cut
CEX Ccllecter cutesf current See Figure 1 " 50
3 e VCce =50V, Ic=500uA,
li{ofr) Cfi-state input curent Ta =70°C, See Figure 2 e & i
'l(on) Input current V=385V, See Figure 3 0.93 138 mA
Ic =200 mA 2.4
: V =2V,
v On-state input CE ] = 2 v
I(en) n-state input voltage SEiry s Ic=250mA 27
Ic =300 mA 3
=250 uA,  Ic=100mA,
S taie s 0.9 1.1
VCE(saty Collector emitier saturation voltage e 35,0 HA. lc =20 ma, 1 1.3 \%
See Figure 5§
I} =300 pA, ic =350 mA,
A 1:3 1.6
See Figure 5
IR Clamp dicde reverse cumrent VR =50V, See Figure 6 80 pA
Vg Clamp diode forward voitzge IF =350 mA, See Figure 7 1.7 2 \
G Input capacitance V=0V, f=1MHz 15 25 pF
switching characteristics at 25°C free-air temperature
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
top H Propagation celay time, low-to-highevel output Vg =50V, Ry =163 Q, 130
2 ns
teHL Propagation celay time, high-to-ow level cutput CL=15pF, Ses Figure 8 20
: e ; Vs =50V, 10 =300 mA, :
V i} 1S anl .
OH High-level output voltage zfter switching S3e FidurE 9 Vg-20 mV

‘!9 TEXAS
INSTRUMENTS

POST UFFICE E0X 635305 @ DALLAS, TEAAS 75265




“ULN2803A S
' DARLINGTON TRANSISTOR ARRAY

SLRS049 - FEBRUARY 1997

PARAMETER MEASUREMENT INFORMATION

Vs
|
Input 2mH
et i
| F N 163 Q
Pulse | , |
Generator | g | | Output
(ses Note A) = |
el SRS et
< CL=15pF
l (sec Note B)
Test Circuit

VOH
Output \ /

Voltage Waveforms

NOTES: A. The pulse generator has the following characteristics: PRR = 12.5 KHz, Zo=50Q
B. Cy includes proba and jig capacitance.

C. Vig=3Vv
Figure 9. Latch-Up Test

‘@‘ TEXAS
INSTRUMENTS

POST OFFICE BOX 656303 @ DALLAS, TEXAS 75265



IMPORTANT NOTICE

Texas Instruments (T1) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before pfacing orders, that the information being relied on is current. - .

Tlwamants performance of its semiconductor products and related software ta the specifications appticable at
the time of sale in accordance with T's standard warranty. Testing and other quality control techniques are
utilized to the extent Tl deems necessary to suppert this warranty. Specific testing of ali parameters of each
devics is not necessarily performed, except those mandated by govemnment requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
Severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER

CRITICAL APPLICATIONS.

Inclusion of T1 products in such applications is understood to be fully at the risk of the customer. Use of T1
products in such applications requires the written approval of an appropriate Tl officer. Questions conceming
potential risk applications should be directed to T1 through a local SC sales offics.

In order to minimize risks assaciated with the customer's applications, adequate design and operating
safeguards shouid be provided by the customer to minimize inherent or procedural hazards. !

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does T1 wamant or represent that any license, either
+ express or implied, is granted under any patent right, copyright, mask work right, or ather intellectual property
right of TI covering or relating to any combination, machine, or process in which such semicoaductor products
or services might be or are used.

Copyright © 1986, Texas Instruments Incorporated
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