


hilnveayanan nisvowndmanssih

aunsalnsIvdauaedIn

Line Fault Detection Device

ITRNERIRER

lag
wggwed  Uszduuie

UERigiNesh  LWgenau

uesulaf AGLLES
SN _ s e .
AT SR
manzion.Li 2 20 i
ruidnu 24 10, 9559 RN/ A

97
=

U%mu:yqﬁwuéﬁﬁjuzhwﬁa°z|aanﬁﬁnmmmwé’ngmﬂ‘%cy)zuuﬂqmnisumamﬁ’m&ﬁﬂ
A1A3¥13AINTININTANUIAY
AMSIAINTIUANERT
dortumaluladnszasuindndiaummsainnszds

Unsfnw 2558



gunIainTIvdauaIETIIn
LINE FAULT DETECTION DEVICE

1ng
wgugmeE  Ussauina 55010312
WggINYTA - Wasnau 55010354
wesulef AguEs 55010483
919138 UTnE

IF.A5.56Na GnSYIaa

U‘%mucynﬁwuéﬁlﬂuﬁquwﬁ:waﬂm'ﬁﬁnmmwé’ngmﬂ%w_}mﬁmmm GRGERRILIT
Mmadridanssulnsauuiay
AZIAINTTUANENS
datuwalulagnszaaundndriaaummsaianssd

Un1sAnuwn 2558 [

(=4

H1UN15ATIFULENLA?

- T faun1sasaduauua’
CE ke . éﬂj : AT :
ehdiiuin -
é‘”‘ PESUNSRATIATUIIY
| [.2./rv01. 57 e il
o FrangsuivspIuIAY
i\fz‘ {TL Teleca'nrr:umcaliuns Engineering e VR, R e e

Telecommunications Engineering




UsgyarinusUnisfinen 2558
mAYImnTsulnsauuA
AuEIMNTINMAans aaUumalulagnizaaunadinummIaInnssls
Gos  gunsainTrdeuaIEdin
LINE FAULT DETECTION DEVICE

HInYiY

1. weugwey Yssiuwne 55010312
2. wgalginesh Wasnauy 55010354
3. wgsulvd AslE 55010483

S~ 219158NUS e

(sA.as.aina Ansthinan)



AnRnssuUsend

=

Usggriinusdamusaduiaganlulddaed Wiesdrvaiunsuives
<,

sfas.gina @dtinia Fuluevsdnviawilasanuil Seilimsdavilassnuildusa

qaneingUszasalailuetag

msdavilassnuilldifadymidulusenimsdaia nanguussimidades

VOVDUAN AN N5l ASsUATS AvEnwuastgudludeunnseadiieg

vovaun We wifiredhimdtlalumsdarilasinusimiseunauitouqyn
< [ ' Yo w ° & & ' vy
AunAssInuUNUgitquavassnidtladvililasiuduiidnaqadlulamei
v &y o 4 v ¥ PAY- =1
ganrglinesuovauquynAunddnfgItaenue Faulumelilasinui

dnFegalulaned

WugwE  Usziuua
wgalgiiesh  Guneu

wesulvh FRLLAY



il

gunsalaTIvdavadIIn
LINE FAULT DETECTION DEVICE

oy wwaugwd Uszduua 55010312
uwalgAeTh Wesnau 55010354
wiwsuleh ALas 55010483

2sERUE eI sAATEING AvdTinin

UnAnes

Tﬂiamu'ﬁlﬁlumsﬁqLauan'ﬁaanLLUULLaza%"Ni.ﬂ‘%"mi'ﬂswsqmﬁaﬁLﬁm‘uuTu
aeiada Tasldmginssunisaviouvesdyanauiaddudrluivarsvesauidayin
dyyruiadesgniniindunaziduisiudrludian svrdyana aaeingadely
dnvasateln (@ednees) vie Uateida (@evin) denariiduanmasiioundum 13
anthwedoyananimuniilduvhnssua weuansszaseiAnYadsvesaaiADativ

1530

ABSTRACT

This project presents the design and construction of a time domain
reflectrometer.Using the reflection behavior of a pulse in the unterminated
transmission line, pulse is generated and then travel through the transmission line.
If the line is a faulty line such as shorted or open, then the travel time of the
reflected pulse will be calculated and present as the length of the faulty point

from the measure end.
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E _
P=l—— (2.10)
E+

E- = Reflected Voltage

E+ = Sending Pulse voltage
waziiAANnuduNUS AUABURLAUGR L
Z, -7
p e L o (2 1 1)
e !

Z, = Fault Impedance

Zo = Characteristic Impedance
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p= o {=_1 (2.12)
0+2,
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A P agilavindu -1 Faneamuihdyanaannsaasieunduld 100% 1iewin E- =
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p=|Ze"%e |9 (2.13)
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FAIRCHILD
S
SEMICONDUCTOR M

DM74LS221 Dual Non-Retriggerable One-Shot
with Clear and Complementary Outputs

General Description

The DM74LS221 is a dual monostable multivibrator with
Schmitt-trigger input. Each device has three inputs permit-
ting the choice of either leading-edge or trailing-edge trig-
gering. Pin (A) is an active-LOW trigger transition input and
pin (B) is an active-HIGH transition Schmitt-trigger input
that allows jitter free triggering for inputs with transition
rates as slow as 1 volt/second. This provides the input with
excellent noise immunity. Additionally an internal latching
circuit at the input stage also provides a high immunity to
Ve noise. The clear (CLR) input can terminate the output
pulse at a predetermined time independent of the timing
compenents. This (CLR) input also serves as a trigger
input when it is pulsed with a low level pulse transition
(). To obtain the best and trouble free operation from
this device please read operating rules as well as the Fair-
child Semiconductor one-shot application notes carefully
and observe recommendations.

August 1986
Revised April 2000

Features

B A dual, highly stable one-shot

B Compensated for Ve and temperature variations

B Pin-out identical to DM74LS123 (Note 1)

B Output pulse width range from 30 ns to 70 seconds

M Hysteresis provided at (B) input for added noise
immunity

M Direct reset terminates output pulse

M Triggerable from CLEAR input

H DTL, TTL compatible

N Input clamp diodes

Note 1: The pin-out is identical to DM74LS123 but, functionally it is not;
refer to Operating Rules #10 in this datasheet,

Ordering Code:

Order Number | Package Number Package Description
DM74LS221M M16A 16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150 Narrow
DM74LS221SJ M16D 16-Lead Small Quiline Package (SOP), EIAJ TYPE Il, 5.3mm Wide
DM74LS221N N16E 16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide

Devices also available in Tape and Reel. Specify by appending the suffix letter *X* iu the ordering code.

Connection Diagram

Function Table

“E I'T’
Ve Cearhh Bar 1”7 Q4 iz Rz 82 Az Inputs Outputs
I 15 15 1 |n 12 In ':n | 3 CLEAR A B Q Q
L X X L H
X H X 4 H
X X L L H
o
— H L P J1 r
r_ —_l H L H I w
Y T (Note 2) L H 8 o
2 H=HIGH Logic Level
L = LOW Logic Level
X = Can Be Either LOW or HIGH
T = Positive Going Transition
1 = Negative Going Transition
1 |3 Il D [5 |5 l' 8 _=A Positive Pulse
i 1 = A Negative Pulse
a L e 1 0z Cexr 2 :""i L Mote 2: This mode of triggering requires first the B input be set from a
EXT LOW-to-HIGH level while the CLEAR input is maintained at logic LOW
level. Then with the B input at logic HIGH level, the CLEAR input whose
positive transition from LOW-to-HIGH will trigger an output pulse.
| W T (R
i-—- 50 ns —
~———50 —————I
CLEAR 1 1, "
oo
Qour I l
© 2000 Fairchild Semiconductor Corporation DS006409 www.fairchildsemi.com
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DM74LS221 Dual Non-Retriggerable One-Shot

Functional Description

The basic output pulse width is determined by selection of
an external resistor (Ry) and capacitor (Cyx). Once trig-
gered, the basic pulse width is independent of further input
transitions and is a function of the timing components, or it

Operating Rules

1. An external resistor (Ry) and an external capacitor
(Cx) are required for proper operation. The value of Cy
may vary from O to approximately 1000 pF. For small
time constants high-grade mica, glass, polypropylene,
polycarbonate, or polystyrene material capacitor may
be used. For large time constants use tantalum or spe-
cial aluminum capacitors. If timing capacitor has leak-
ages approaching 100 nA or if stray capacitance from
either terminal to ground is greater than 50 pF the tim-
ing equations may not represent the pulse width the
device generates.

2. When an electrolytic capacitor is used for Cx a switch-
ing diode is often required for standard TTL one-shots
to prevent high inverse leakage current. This switching
diode is not needed for the DM74LS221 one-shot and
should not be used.

Furthermore, if a polarized timing capacitor is used on
the DM74LS221, the positive side of the capacitor
should be connected to the “Cgx;" pin (Figure 1).

3. For Cyx >> 1000 pF, the output pulse width () is
defined as follows:
tw =KRx Cx
where [Ry is in kQ]

[Cy is in pF]
[ty is in ns]
K=Ln2=0.70

4. The multiplicative factor K is plotted as a function of Cy
for design considerations: (See Figure 4).

5. For Cx < 1000 pF see Figure 3 for ty, vs. Cy family
curves with Ry as a parameter.

6. To obtain variable pulse widths by remote trimming,
ihe following circuit is recommended: (See Figure 2).

7. Output pulse width versus V¢ and temperatures: Fig-
ure 5 depicts the relationship between pulse width vari-
ation versus Vge. Figure 6 dapicts pulse width variation

versus temperatures.

may be reduced or terminated by use of the active low
CLEAR input. Stable output pulse width ranging from 30 ns
to 70 seconds is readily obtainable.

8. Duty cycle is defined as ty/T x 100 in percentage, If it

1

1

o

-y

goes above 50% the output pulse width will become
shorter. If the duty cycle varies between LOW and
HIGH values, this causes output pulse width to vary, or
jitter (a function of the Rgxy only). To reduce jitter, Rgxy
should be as large as possible, for example, with
Rexr = 100k jitter is not appreciable until the duty cycle
approaches 90%.

Under any operating condition Cyx and Ry must be kept
as close to the one-shot device pins as possible to min-
imize stray capacitance, to reduce noise pick-up, and
to reduce I-R and Ldi/dt voltage developed along their
connecting paths. If the lead length from Cy to pins (6)
and (7) or pins (14) and (15) is greater than 3 cm, for
example, the output pulse width might be quite different
from values predicted from the appropriate equations.
A non-inductive and low capacitive path is necessary to
ensure complete discharge of Cyx in each cycle of its
operation so that the output pulse width will be accu-
rate.

. Although the DM74LS5221's pin-out is identical to the

DM74LS123 it should be remembered that they are not
functionally identical. The DM74LS123 is a retrigger-
able device such that the output is dependent upon the
input transitions when its output “Q" is at the “High”
state. Furthermore, it is recommended for the
DM74LS123 to externally ground the Cgyy pin for
improved system performance. However, this pin on
the DM74LS221 is not an internal connection to the
device ground. Hence, if substitution of an DM74L8221
onto an DM74LS123 design layout where the Cexr pin
is wired to the ground, the device will not function.

Ve and ground wiring should conform to good high-
frequency standards and practices so that switching
transients on the V¢e and ground retum leads do not
cause interaction between one-shots. A 0.01 pF to 0.10
1F bypass capacitor (disk ceramic or monolithic type)
from Vg to ground is necessary on each device. Fur-
thermmore, the bypass capacitor should be located as
close to the Vge-pin as space permits.

www.fairchildsemi.com




Operating Rules (continued)

Vee
Ry Rx
PIN (7) OR (15) Iq,w_.
+ -
"CEXT" 0_| Cx Rremote ﬁ
Cy | L_
PIN (6) OR (14) Ve

"Rexr/Cexr”
("'Ls221) Note: "R gmere” should be as close to the one-shot as possible.
FIGURE 1. FIGURE 2.
105 — -
Ta=25°C = 100 pF | T T
Vee=5.0v 3 Ta=25°C
1 10 wF e —
104 4 1 s !Vrc 5.0'!'
T 1 uF f 1
IS
B T 0.1 uF
£ g 7 NP
3 10° == 'fR=5|JK: = = -
Eé = < 10t oF i
|
L e : 103 pF
‘“‘—‘1.;‘5 ' IDE pF . \\
10 e il . 10pr L LI :
i0 100 1000 U [ 900 bn, 810912 §1.8
Cexr (9F)
FIGURE 3. FIGURE 4.
0 R =5k oI L h
Con LT e Cext = 1000 pF
5 Ta=25°C 5 | V¥ee=5.0V
w b
1<) =]
&= =
S 5 : -
= a S g !
2 B
= E3
SR =~
—-10 —10 | !
4 4.5 5 5.5 6 —-60 -30 0 30 60 90 120 150
Ve (V) AMBIENT TEMPERATURE (°C)
FIGURE 5. FIGURE 6.

Note: For further detailed device characteristics and output performance, please refer to the Fairchild Semiconductor one-shot application note AN-372.

3 www.fairchildsemi.com
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DM74LS221 Dual Non-Retriggerable One-Shot

Absolute Maximum Ratings(vote 3)

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range 0°C to +70°C
Storage Temperature Range —65°C to +150°C

Recommended Operating Conditions

Note 3: The “Absolute Maximum Ratings” are those values beyend which
the safety of the device cannot be guaranteed. The device should not be
operated at these limits. The parametric values defined in the Electrical
Cr istics tables are not g at the absolut ratings.
The “Recommended Operating Conditions” table will define the conditions
for actual device operation.

Symbol Parameter Min Nom Max Units
Vee Supply Voltage 475 5 5.25 v
V1s Positive-Going Input Threshold Voltage q 2 v

at the A Input (V¢ = Min)
Vo Negative-Going Input Threshold Voltage 58 1 v
at the A Input (V¢ = Min)
Vi, Positive-Going Input Threshold Voltage 4 2 v
at the B Input (Ve = Min)
V- Negative-Going Input T.hreshold Voltage o od v
at the B Input (V¢ = Min)
lon HIGH Level Output Current -0.4 mA
loL LOW Level OQutput Current 8 mA
tw Pulse Width Data 40 ns
(Note 4) Clear 40 .
tREL Clear Release Time (Note 4) 15 ns
av Rate c.ﬂ Rise or Fall of ) v
at Schmitt input (B) (Note 4) s
av Rate of Rise or Fall of . v
Gt |Logic Input (A) (Note 4) ;;
Rext External Timing Resistor (Note 4) 1.4 100 kQ
Cexr External Timing Capacitance (Note 4) 0 1000 nF
[a]e} Duty Cycle Rr=2kQ 50 5
{Note 4) Rt = Rgxr (Max) 60
Ta Free Air Operating Temperature 0 70 °C

Note 4: T, =25°C and Vg = 5V.

www.fairchildsemi.com




Electrical Characteristics

over recommended operating free air temperature range (uniess otherwise noted)

Symbol Parameter Conditions Min e Max Units
(Note 5)
\' Input Clamp Voltage Ve =Min, [ =-18 mA -1.5 v
Vou HIGH Level Ve = Min, gy = Max 27 34 v
Output Voltage V= Max, Vi = Min
V, LOW Level Ve = Min, Ig, = Max
* Output Voltage \a',ch= Max, v?: = Min 0 04 v
Vee =Min, g, =4 mA 0.4
Iy Input Current @ Max Input Voltage Veg =Max, V=7V 0.1 mA
™ HIGH Level Input Current Voo =Max, V=27V 20 HA
" LOW Level Ve =Max Al A2 ~0.4
Input Current Vy=0.4V B 0.8 mA
Clear -0.8
los Short Circuit Vee =Max 20 -100 mA
Output Current (Note 6)
lec Supply Current Vg =Max Quiescent 47 " -
Triggered 19 27
Note 5: All typicals are at Vgg = 5V, T =25°C.
Note 6: Not more than one output should be shorted at a time, and the duration should not exceed ane second.
Switching Characteristics
atVgg =5V and T =25°C
Symbol Parameter Frog (ifrih Conditions Min Max Units
To (Output)
toLw Propagation Delay Time Al A2 Cgyy =80 pF 3 i
LOW-to-HIGH Level Output o Q Rexp =202
tpLH Propagation Delay Time B C =15pF &5 -
LOW-to-HIGH Level Output o Q R =2k0
pHL Propagation Delay Time A1, A2 a0 s
HIGH-to-LOW Level Qutput 10 Q
tpuL Propagation Delay Time B__ o5 i
HIGH-to-LOW Level Output 10 Q
tpin Propagation Delay Time Cle:r to o5 n3
LOW-to-HIGH Level Qutput Q
tpHL Propagation Delay Time Clear 55 iiE
HIGH-to-LOW Level Quiput o Q
Twiout) Output Pulse Al A2 Cexy =0
Width Using Zero 0 Q,Q Rexr =2k
Timing Capacitance ;:T: 2 ki) & L e
C =15pF
twiout) Output Pulse Al, A2 Cexr= 100 pF
Width Using External toQ,Q Rexr=10kQ
600 750 ns
Timing Resistor Ry=2kl
C =15pF
Cexr=1uF
Rexr=10ka 6 75 ms
R_=2 kQ
Cp=15pF
Cexr=80pF
Rexy =240 70 150 ns
R =2kQ
C_=15pF
5 www.fairchildsemi.com
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DM74LS221 Dual Non-Retriggerable One-Shot

Physical Dimensions inches (milimeters) unless otherwise noted

0.150 -0.157
{3.810—3.984)
0.010 -0.020
10.254 —0.508) * 45"
B MAXTYP
l ML T.m
0.008-0,010
.00~ 0.010 0.016-0.050
u.20- R I AJ LT«)TT":?T
TYP ALL LEADS [040E 1270}
0.004 TYP ALL LEADS
o0z
ALL LEAD TIPS

1% 1§

A A

0.386-0.384

{9.804-10.00)

LLIN I ]

_

1M 10

;

0.228 - 0.244
(5.791-6.198)

Bl

300
TYP

U?U?A

LEAD HO.1 Lo 1
IDENT 0.010 yax
[0.254)
0.053-9.069
1.36-1.75) 0.004 -0.010
10.102-0.254)
i 4
TN SEATING
1 , A f PLANE
0.014
0814 0.050 0.014-0.020 1yp
L i 3 10.356 —0.508)
™"
0.008
~i o wieh e by

16-Lead Smail Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150 Narrow
Package Number M16A

www,fairchildsemi.com




Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

r-l—-— 10.2:0.1 ————o}

0.47 TYP —o=f r—— -
ﬁ | 9

—
|

16 15 10 ]

(2.13TYP) m m D H
J U e N
PIN #1 IDENT. 127 TYP -—l l—’— 0.6TYP

LAND PATTERN RECOMMENDATION

ALL LEAD TIPS SEE DETAIL A

2.1 MAX. = _ —1.820.1 =

D :‘ig f——\\, AL
< Ik H L' —_J LQS:L__DI&ODS R B 0.15- 025_—{

DIMENSIONS ARE IN MILLIMETERS

NOTES:

A. CONFORMS TO ElIAJ EDR-7320 REGISTRATION,
ESTABUSHED IN DECEMBER, 1998,

B. DIMENSIONS ARE IN MILLIMETERS.

C. DIMENSIONS ARE EXCLUSIVE OF BURRS, MOLD
FLASH, AND TIE BAR EXTRUSIONS.

\— SEATING PLANE

DETAIL A

M16DRevB1

16-Lead Small Quiline Package (SOP), EIAJ TYPE I, 5.3mm Wide
Package Number M16D

T www.fairchildsemi.com
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DM74LS221 Dual Non-Retriggerable One-Shot with Clear and Complementary Outputs

Physical Dimensions inches (milimeters) unless otherwise noted (Continued)

. 0.740 = 0.780 |
| (18.80~-19.81) .~1 Em—u)
0.250£0.010
{6.350 £0.254)
PIN NO. i
IDENT b L
OPTION 01 OPTION 02 0065
0.130 £0.005
0060 © TP 10.300-0.320 (16
y B3R | sy P OPTIONAL (7 s20-8.128) | §
0.145-0.200 k
(3.683- 5.080) § ; ﬁ
957259 0008=0016 1.
O
(g.ggg) o 9°° s TF 0280 {6203=0.408) 1"
- 0.125~0.150 0.030£0.015 (7“2)
{3.175=3.810) ; {0.76220.381)
0.014 = 0.023 DINSOOTD (0325
io.sss 0.584) oﬂsuoom 254030 251) % HIBE (REV F)
(1270 £0.254) (8.255°_ 351
TP

16-Lead Plastic Duai-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide
Package Number N16E

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

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATION. As used herein:

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

which, (a) are intended for surgical implant into the device or system whose failure to perform can be rea-
body, or (b) support or sustain life, and (c) whose failure sonably expected to cause the failure of the life support
to perform when properly used in accordance with device or system, or to affect its safety or effectiveness.
instructions for use provided in the labeling, can be rea-

sonably expected to result in a significant injury to the www.fairchildsemi.com
user,

www.fairchildsemi.com 8




&National Semiconductor

LM710 Voltage Comparator

General Description

The LM710 series are high-speed voltage comparators in-
tended for use as an accurate, low-level digital level sensor
or as a replacement for operational amplifiers in comparator
applications where speed is of prime importance. The circuit
has a differential input and a single-ended output, with satu-
rated output levels compatible with practically all types of
integrated logic.

The device is built on a single silicon chip which insures low
offset and thermal drift. The use of a minimum number of
stages along with minority-carrier lifetime control (gold dop-
ing) makes the circuit much faster than operational amplifi-
ers in saturating comparator applications. In fact, the low

February 1995

stray and wiring capacitances that can be realized with
mongelithic construction make the device difficult to dupli-
cate with discrete components operating at equivalent pow-
er levels.

The LM710 series are useful as pulse height discriminators,
voltage comparators in high-speed A/D converters or go,
no-go detectors in automatic test equipment. They also
have applications in digital systems as an adjustable-thresh-
old line receiver or an interface between logic types. In addi-
tion, the low cost of the units suggests them for applications
replacing relatively simple discrete component circuitry.

Schematic and Connection Diagrams

v

<Ri 285

S8 b 18
- 83 o

1.1k
<RI RS
$ 7500 7508 3
] as ._E.
o
VNG acy
°""“—-'|:f’ HAV L i ¥

TLIH/10410=1
Ceramic Flatpak Package
] 10
tmnl:z L] I':l NC
i — L
NPT —— LM710AMW ——v¢
L1 — —
\‘-ﬁ b oUTPUT
TL/H/10410-8

Order Number LM710AMW/883*
See NS Package Number W10A

°Also available per JM38510/10301

Metal Can Package

TL/H/10410-2
Top View
Note: Pin 4 iz connected to case.

Order Number LM710AMH/883°, LM710H,
LM710H/883 or LM710CH
See NS Package Number H08C

Dual-In-Line Package

NC—1 oy viNC

eNp =2 2 e

= + LE

N - 1y

NC 1 &NC
vt - our

Ne=4 LI

TL/H/10410-3
Top View

Order Number
LM710AMJ/883°* or LM710CN
See NS Package Number N14A or J14A

©1985 National Semiconductor Corporation  TL/M/10410

RRD-B30M115/Printed in U. S. A.
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availabllity and specifications.

Power Dissipation
TO-99 (Note 1)
Plastic Dual-In-Line Package (Note 2)

700 mwW
950 mw

Positive Supply Voltage +14V Operating Temperature Range
Negative Supply Voitage —7v LM710 —55C1o +125°C
Peak Output Current 10 mA LM710G ?;C to ': 7000
Output Short Circuit Duration 10 seconds Storage Temperature F!an?e =65C1a '5°°C
Differential Input Voltage 45V Lead Temperature (Soldering, 10 sec.) 260°C
Input Voltage +7V
Electrical Characteristics (Note 3)
Parameter Conditions tur1p K7 I0C Units
Min Typ | Max | Min Typ | Max
Input Offset Voltage Rs < 2000, Vo = OV, Ty = 25°C 06 | 20 16 | 50 | mv
Input Offset Current Vout = 1.4V, Tp = 25°C 0.75 3.0 1.8 5.0 RA
Input Bias Current Ta = 25°C 13 20 16 25 RA
Voltage Gain Ta = 25°C 1250 | 1700 1000 | 1500
Output Resistance Ta = 25°C 200 200 N
Output Sink Current Voutr = 0, T4 = 25°C
AVinz2 5mV 2.0 245 mA
AViy 2 10mV 1.6 25 mA
Response Time Ta = 25°C (Note 4) 40 40 ns
Input Offset Voltage Rs £ 2000, Vo = OV 3.0 6.5 mv
Average Temperature Coefficient | Tiyn < Ta € Tyax L
of Input Offset Voltage Rg < 500 79 W ¥ By ANC
Input Offset Current Ta = TAMAX 0.25 | 8.0 7.5 BA
Ta = TaMIN 1.8 7.0 7.5 RA
Average Temperature Coefficient | 25°C < Ta < Tuax 5.0 25 15 50 | nA/°C
of Input Offset Current TMmin < Ta < 25°C 15 75 24 100 | nA/°C
Input Bias Current Ta = Tmin 27 45 25 40 RA
Input Voltage Range V- = =TV +5.0 +5.0 v
Common-Mode Rejection Ratio Rg < 2000 80 100 70 98 dB
Differential Input Voltage Range +5.0 +5.0 v
Voltage Gain 1000 800 ViV
Positive Output Level ~5mA < lgyr <0
Vin 2 5mV 2.5 3.2 4.0 A
Vi 2 10 mV 25 3.2 4.0 v
Negative Output Level Vin = 5mV -10|-05]| 0 v
Vin 2 10 mV =10 | —05 0 v
Output Sink Current Vinz5mV,Voyr =0
Ta = 126'C 0.5 17 mA
Ta = —55°C 1.0 23 mA
Vin 2 10 mV, VOUT =0
0°C < Ta € +70°C 9= e




Electrical Characteristics (Note 3) (Continued)

Parameter Conditions A LM71bc Units
Min Typ Max Min Typ Max
Positive Supply Current Vi 2 5mV 5.2 9.0 mA
Viy 2 10 mV 5.2 9.0 mA
Negative Supply Current Viy 2 5mV 4.6 7.0 mA
Viy 2 10 mV 4.6 7.0 mA
Power Consumption lour=10
Vin2 5mV 90 150 mw
Vin 2 10 mV 150 mw

MNote 1: Rating applies for ambient temperatures of 25°C; derate linearly at 5.6 mW/*C for ambient temperatures above 25°C.

Note 2: Derate linearly at 8.5 mW/*C for ambient temperatures above 25°C.

Note 3: These specifications appy for V+ = 12V, V- = —6V, —55°C < T4 < +125°C for LM710 and 0°C < Ty < +70°C for LM710C unless otherwise
specified: The input offset voltage and input offset current (see definitions) are specified for a logic threshold voltage of 1.8V at —55°C, 1.4V at 25°C, and 1V at
125°C for LM710 and 1.5V at 0°C, 1.4V at 25°C, and 1.2V at 70°C for LM710C.

Note 4: The p time specified (see di

Typical Applications
Schmitt Trigger

INPUT g =

Pulse Width Modulator

DC INPUT

p—=QUTPUT

== L

TL/H/10410-6

TL/H/10410-4

is for a 100 mV input step with 5 mV overdrive (LM710) or a 10 mV overdrive (LM710C).

Line Recelve with Increased

Qutput Sink Current
+#12v QUTPUT
R1
10k
INPUT - al
LM710 IN2906

Level Detector with Lamp Driver

*12V

<
<Rl
<

INPUT

TL/H/10410-5

TU/H/10410-7




Typical Performance Characteristics

V" ==6.0v
P =25 |

0 20 # 0 & 10010

Transfer Function Volitage Gain Voltage Gain
Ve1z2v . Veizy WEEEE T
N = _— V=60V _— | r =
g T,=-55C % =12 4;\“*/
g 20 A= L hr=2sec E 1600 \\ 5 o T
2 A g Tl
E 10 g s N 2 1500 7 T2
=
° L 1400 1000 p]
-10 1500 500
=50 =30 ~10 10 30 50 =T5-50=25 0 25 50 75 100 125 10 " 12 13 7]
MNPUT YOLTAGE (mv) TEMPERATURE (°C) POSITIVE SUPPLY YOLTAGE (V)
Input Bias Current Input Offset Current Supply Current
@ ; 20 - 10 e
v s12v N Y =1y ; I V=12V
-5V T ¥: ==6.0¢ - o ¥ ==6.0¥
I 3 7 0 [resmeT lour=0
\\ - T =25 |
E E 5 T 11
20 0 NEGATIV
P b 4
: ~ : N £
? 10 & &
— § B
0 0 0
~75-50-25 0 25 50 75 100 125 “T5-50-25 0 25 50 75 100 125 04 02 0 02 04
TEMPERATURE (°C) TEMPERATURE (°C} IRPUT YOLTAGE (v)
Response Time for Response Time for Common Mode Puise
£ o Varlous Input Overdrives f o Various Input Overdrives Response
¥y wE=L LI ¥ B i el
2o -—%g_‘omv__ r Y L1 =85 ¥ =80V
g 10 [ | F—20mv g A Ne20my g | TA=25°C
E oL [ B ofem N RIS £ 5 [
= vz » L =*f=— 508 . w0
V=60V B VFE::_—D—VM
E Ty=25%C E | z i 500
§ b y ! ¥ =12y E ¢ ]
g % 3 A E

° 20 40 @ X2 0D 0 4 8 120 160

TME (na) TME (ns) TME {n3)
Output Voltage Level Output Sink Current Maximum Power Dissipation
m-—-_IPOSr"VEIMPw | 7 Vieizv s 8
= =
30 I e L T v =60V ) b
£ vh=12v . - & "
| Vi=-60V § — our=0.2y | z 4
A lve, L ST s = 2
P— = .
g i ) ; 20 'Qq‘-?o % 400 N \
0 (v § 15 g 20 N
WEGATIVE OUTPUT LEVELL —— METAL AN PACKAGE [+
=10 i l ! I i0 5 =seosPLASTC DIP ! 5
=T$-50=25 0 25 50 TS 100 125 “T5=50=25 0 25 50 75 100 125 5 25 45 6 85 105 123
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Physical Dimensions inches (milimeters)

0.350 ~0.370
< (es0=9 398
iA
0.315-0.335
TE.o01—a.509 *
[
0.165-0.185 | €0 5351 uucom‘ncuen
A197=488] | ¥ v
3 1
REFERENCE PLANE — t o TTEE _1 SEATING PLANE
0500 "foas f_ 0.015—0.:«;
270 MAx AT =1
_ 1_ 0.016-0.019
» v VAT
0.195-0.205 DIA
0.100 {4.353°5.207) P.L.
(2.540)
0.029-0.045
0.737-1.183)
Lo gre =431 0.4115- 0,145
{0.711-0.064) i)
DIA
HOBC (REV E)
Metal Can Package
Order Number LM710AMH /883, LM710H, LM710H/883 or LM710CH
NS Package Number HO8C
0.785
(19.939)
MAX
i |_[W @) fE] W 6 (5] 06
10.635)
£ 02200318
(5.588-7.874}
|50 I % ) EN I 1 ) I 2
0.290-0.320 0.005 0.200
{1.366-8.128) (U-:IZI;I GLASS £.060 +0.005 >4 (5.080)
SEALANT (7550 +0.427) MAX g.020-0.060
0.130 T S {0.508-1.624)
wa "™ {
95° 15° 86°9¢° TYP Y 7
[10° Max " 0.008-0012
0310-0410 | (0203-0.305) ot 003 l- e
(1874-1041) et l.._ {57 0.075) e 00 'i:,,",
(2.480) i
MAX BOTH ENDS 0.100 £0.010 0.150
{2.580 0.254] ]
MIN J14A (REV O}

Ceramic Dual-in-Line Package
Order Number LM710AMJ/883
NS Package Number J14A




Physical Dimensions inches (millimeters) (Continued)

Ll LT
{18.80 - 19.56)
0.090
[-—
.86
WOEX
AREA
0.250:£0.010
O (6.35010.254)
LLL I I & * PN KO, 1
IDENT L Lzl ] Q] [sls] T2 ear
0.032 0.030 Max
2337 {0.782) DEFTH
OPTION 1 RTION 02
0.135.£0.005
0.300-0.3%0
[FETFIRE] (18208128} 0.055
0.145 —0.200 g 0080 e i wesi)
58I-5.080) (1.524) PTIONAL :

£ 1 | S |
L LERR

ailcs 0.008
0020 %0 taeTvP P [‘"‘u.zm-:.ﬂ:;"r
(n:‘:.] M ! ™7 0.075 £0.015 i
[EREETIT] ez ﬂ}-—l
o0 e —= 0.100:+£0.010 o
RE-Z . ;: o ewEez "
= =g s :::::sl
T
foass o5 R
Molded Dual-in-Line Package (N)
Order Number LM710CN
NS Package Number N14A
o




LM710 Voltage Comparator

Physical Dimensions inches (millimeters) (Continued)

0.080
0.055

0.035 | 1ol

0.026
TYP

0.006
0.004
TYP

LIFE SUPPORT POLICY

[=0.270 MAX->]
0.050 % 0.005 —-I I—— —=| |+ 0.005 MIN TYP
TYP
1 1
10
0.370
0.250
0.270 MAX 0.260
GLASS 0.238
l r ) 0.012
T 0.008
A DETAIL A
DETAIL A e -
0.250
PIN #1 l
IDENT Wio4 (REV E)
J L | 5
0.019 __J 0.045 MAX
TP o

0.015

Ceramic Flatpak
Order Number LM710AMW/883
NS Package Number W10A

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS GRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury

2,

A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

to the user.
National Semiconductor
Corporation
1111 West Bardin Road

Adington, TX 78017
Tel: 1(800) 272-9959
Fax: 1(800) 737-7018

National Semiconductor
Europe
Fax: (+49) 0-180-530 85 86
Email: cnjwge@tevm2.nsc.com
Deutsch Tel: (+48) 0-180-530 85 85
English Tel: (+49) 0-180-532 78 32
Frangais Tel: (+49) 0-180-532 93 58
ltaliano  Tel: (+48) 0-180-534 16 80

National Semiconductor
Japan Ltd,

Tel: 81-043-299-2309
Fax: 81-043-299-2408

National Semiconductor
Hong Kong Ltd.
13th Floor, Straight Block,
Ocean Centre, 5 Canton Rd.
Tsimshatsui, Kowloon

Ki

Hong Kong
Tet: (852) 2737-1600
Fax: (852) 2736-9960

for usa of any circultry described, na circuit patent icensas are implied and National reserves the right at any fime without notice 1o change s#id circuitry and specifications.
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SEMICONDUCTORTM

DM74LS32
Quad 2-Input OR Gate

General Description

This device contains four independent gates each of which
performs the logic OR function.

Ordering Code:

Order Number |Package Number Package Description

DM74LS32M M14A 14-Lead Small Outiine Integrated Circuit (SOIC), JEDEC MS-120, 0.150 Narrow

DM74LS32SJ M14D 14-Lead Small Outline Package (SOP), EIAJ TYPE Il, 5.3mm Wide

DM74LS32N N14A 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide

Devices also available in Tape and Reel. Specify by appending the suffix letter “X" to the ordering code.

Connection Diagram Function Table

Veg B4 A4 Y4 B3 A3 ¥3 el * 5

J1a Jiz 1z fin Jio Je  |s Inputs Output
A B Y
L L L
ey ; x -
H L H
H H H
H = HIGH Logic Level
L = LOW Logic Level

Al B1 Yi A2 B2 v2 GND

© 2000 Fairchild Semiconductor Corporation DS006361 www.fairchildsemi.com
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DM74LS32

Absolute Maximum Ratingsote 1)

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range 0°C to +70°C
Storage Temperature Range -65°C to +150°C

Recommended Operating Conditions

Mote 1: The "Absolute Maximum Ratings™ are those values beyond which
the safety of the device cannot be guaranteed. The device should not be
operated at these limits. The parametric values defined in the Electrical
Characteristics tables are not guaranteed at the absolute maximum ratings.
The " ded Op: ing Conditions” table wili define the conditions
for actual device operation.

Symbol Parameter Min Nom Max Units
Vee Supply Voltage 4.75 5 5.25 v
Viy HIGH Level Input Voltage 2 v
Vi LOW Level Input Voltage 0.8 \
lon HIGH Level Output Current -0.4 mA
loL LOW Level Qutput Current 8 mA
Ta Free Air Operating Temperature 0 70 °C
Electrical Characteristics
over ended operating free air temp range (unless otherwise noted)

Typ
Symbol Parameter Conditions Min (Note 2) Max Units
Vi Input Clamp Voltage Ve = Min, I, =18 mA -1.5 v
Vou HIGH Level Vee = Min, lgy = Max of 4@ v
QOutput Voltage Vi =Min
VoL LOW Level Ve = Min, Ig, = Max 020 05
Output Voltage Vi = Max v
loL =4 mA, Ve =Min 0.25 0.4

Iy Input Current @ Max Input Voltage Ve = Max, V=7V 04 mA
[ HIGH Level Input Current Voo = Max, Vy=2.7V 20 pA
I LOW Level Input Current Ve = Max, Vy = 0.4V -0.36 mA
los Short Circuit Output Current Ve = Max (Note 3) =20 -100 mA
lech Supply Current with Outputs HIGH Vee = Max 31 6.2 mA
lecL Supply Current with Outputs LOW Ve = Max 4.9 9.8 mA

Note 2: All typicals are at Vg = 5V, Ty = 25°C.

Notae 3: Not more than one output should be sharted at a time, and the duration should not exceed one second.

Switching Characteristics

atVee =5V and To=25°C ~

R =2kQ
Symbol Parameter Cy =15pF Cp=50pF Units
Min Max Min Max
tern Propagation Delay Time ’ ™ A 15 i
LOW-to-HIGH Level Output
tonp Propagation Delay Time - - i i ns
HIGH-to-LOW Level Output

www.fairchildsemi.com




Physical Dimensions inches (millimeters) uniess otherwise noted

0.010-0.020
(0.254—0.508)

i

0.150 - 0.157
(3.810-2.988)

-
=N

KA =

0.008 —0.010
(0.203-0.254)

B° WA TYP
ALL LEADS

—

{0.7m-0.254) x . 0.016 -0.050
TYP ALL LEADS 0.004 {06 —1.270)
X TYP ALL LEADS

ALL LEAD TIPS

0.335-0.344

(8.509-8.739)

0.228 —0.244
(5.791-6.198)

i

LEAD NO. 1
I0ENT Uy H H U U U
1 2 3 & 5 & 7 i
0.010 yay
10.254)
0.053 -0.069
1.3451.753)
0.004-0.010
T y  [0.102-0.254)
SEATING —*— e ey Y g Y e T e B
PLANE f f
Ll I 0.014-0.020
R =314 0.0 Trp
1038 iy 10.356-0.508)
TP 0.008
—bi—(n_m'm
Mraa BEY Ry

14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-120, 0.150 Narrow

Package Number M14A

www.fairchildsemi.com
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DM74LS32

1A1TYP —= I"—
14

T T g

ALL LEAD TIPS
PN #1 IDENT.

ALL LEAD TIPS

2.1 MAX.— —1.8:0.1

1.27 TYP b 0.35-0.5
QEAvEn

DIMENSIONS ARE IN MILLIMETERS

NOTES:

A CONFORMS TO EIAJ EDR-7320 REGISTRATION,
ESTABUSHED IN DECEMBER, 1998.

8. DIMENSIONS ARE IN MILLIMETERS.

C. DIMENSIONS ARE EXCLUSIVE OF BURRS, MOLD
FLASH, AND TIE BAR EXTRUSIONS.

M14DRevB1

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

s

501 TYP
927 TYP

01 01
! 1

= N L

LAND PATTERN RECOMMENDATION

SEE DETAIL A
R

- N

0°-8° TYP

L

DR SEATING PLANE
1.25 —=—

DETAIL A

14-Lead Small Outline Package (SOP), EIAJ TYPE II, 5.3mm Wide
Package Number M14D

www.fairchildsemi.com 4




Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.740-0.770
(18.80 —19.56)

i 0.0
{2.286)
fﬁlﬁﬂﬁ?llﬂ[mmILI

INDEX
AREA
0.250£0.010
{6350 £0.250)
PIN O, 1 PIN N, 1
1DENT - 8] 111 IDENT

0.092 . 0.030 MAX
2.337) {0.762) DEPTH
0PTION 1 OPTION 02
0.135+0.005 0.300 -0.320
{3.42020.127) e
0.145 -0.200 0.060 o e T
T TERE T TR B oF (1.651)
(3.683-5.080) (1.524) OPTIONAL

1 [ N

B

1

5 P 09.008 -0.016
‘g.m) N 90° £ TYP L~ — M
WH | 0.125-0.150 : 0.075 +0.015
@At -2.81) 1905 £0.381) 3220
0.014-0.023 1 o Bt
ass=ose I AW L -
LT ande iy
= 270 -0.254) o o0
141
("255 -|m$) HUAIREY F)

i4-Lead Plastic Dual-In-Line Package (PDIF), JEDEC MS-001, 0.300 Wide
Package Number N14A

Fairchild does not assume any responsibility for use of any circuitry deseribed, no circuit patent licenses are implied and
Fairchild reserves the right at any time without notice to change said circuitry and specifications.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the
body., or (b) support or sustain life, and (c) whose failure
to perform when properly used in accordance with
instructions for use provided in the labeling, can be rea-
sonably expected to result in a significant injury to the
user.

2. A critical component in any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

www.falrchildsemi.com

www.fairchildsemi.com
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DM7408

e T R
FAIRCHILD
| B R i s ae |
SEMICONDUCTORTM

Quad 2-Input AND Gates

General Description

This device contains four independent gates each of which
performs the logic AND function.

August 1986
Revised July 2001

Ordering Code:

Order Number

Package Number

Package Description

DM7408N

N14A

14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide

Connection Diagram

Vee e A e 83 [ it}
1 12 |1z 1 10 (] ]

1 Iz Ia 4 5 § [7
At I3l il A2 02 \id GND

Function Table

Y =AB
Inputs OQutput
A B Y
L L L
L H L
H L 5
H H H

H = HIGH Logic Level
L = LOW Logic Level

© 2001 Fairchild Semiconductor Corporation

DS006498

www.fairchildsemi.com
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DM7408

Absolute Maximum Ratingsote 1)

Note 1: The “Absclute Maximum Ralings™ are those values beyond which

Supply Voltage TV the safely of the device cannot be guaranteed. The device should not be
operated at these limils. The parametric values defined in the Electrical
nputVoltags 55\ Characteristics tables are not guaranteed at the absolute maximum ratings.
Operating Free Air Temperature Range 0°C to 470°C  The “Recommended Operating Conditions” table will define the conditions
I [ tion.
Storage Temperature Range —BECtaaas0eg [ Rualdevis onaion

Recommended Operating Conditions

Symbol Parameter Min Nom Max Units
Vee Supply Voltage 4.75 5 5.25 \'
ViH HIGH Level Input Voltage 2 v
Vi LOW Level Input Voltage 0.8 v
lon HIGH Level Qutput Current -0.8 mA
loL LOW Level Output Current 16 mA
Ta Free Air Operating Temperature 0 70 °C

Electrical Characteristics
over reacommended operating free air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min Tre Max Units
(Note 2)
Vi Input Clamp Voltage Veg =Min, h=—12 mA =15 v
Vou HIGH Level Ve = Min, Igy = Max . o v
QOutput Voltage Vi = Max
VoL LOW Level Ve = Min, Ig = Max bo A v
Output Voltage Vi = Min
[} Input Current @ Max Input Voltage Ve = Max, V= 5.5V 1 mA
™ HIGH Level Input Current Ve = Max, Vy = 2.4V 40 uA
I LOW Level Input Current Ve = Max, Vy = 0.4V -1.6 mA
los Short Circuit OQutput Current Ve = Max (Note 3) -18 =55 mA
lecH Supply Current with Qutputs HIGH Ve = Max 1 21 mA
leeL Supply Current with Qutputs LOW Vee = Max 20 "33 mA
Note 2: All typicals are at Vgg =5V, Ty =25°C. )
Note 3: Not more than one output should be shorted at a time.
Switching Characteristics
atVee =5V and Tp=25°C
Symbol Parameter Conditions Min Max Units
[ Propagation Delay Time C_=15pF 27 s
LOW-to-HIGH Level Output R =4000Q
tpHL Propagation Delay Time 19 e
HIGH-to-LOW Level Output

www.fairchildsemi.com 2



Physical Dimensions inches (millimeters) unless otherwise noted

0.740-0.770
{18.00—13.56)
0.090
e ]
[14] [33] [t2] [] [io] [] [6] WoEx
AREA
gy 0.250:£0.010 :
@) : {6,350 £0.254) /
PNNHO.1 PINND. 1 = i
IDENT O @ I 5As wewt — T [ @
0092 . 0.030 MAX
2337 [0.762) DEFTH
0PTION 1 DPTION 02
0.13540.005 0.300-0.320
Baz e .620=3.128)
0.145-0.200 0.060 g g -l D.oss
a PO — == TYP fg 4° TYP, 3 (1.651)
(3.683 -5.080) (1.524) OPTIONAL i
] [} o 1’5., 0.008-0.016 .0
0.020 N ﬁ“ ETIR N — {0203 —0.406)
(D,':::ﬂ 0.125—0.150 o o 77BN
@ars—a.a10) ’l "~ {790 0,381
0.004—0.023
AR08 1vp | e 0.100£0.010
{0,356 —0.584 L ‘
) areoi . EHOENSE g
: - 0.040
g Gz 0.325 Ty 1ig
PN
(ﬂ.ﬁs —0.389 HUAREVF

14-Lead Plastic Dual-in-Line Package (PDIP), JEDEC MS-001, 0.300" Wide

Package Number N14A

Fairchild does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and
Fairchild reserves the right at any time without notice o change said circuitry and specifications.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems

2. A critical component in any component of a life support

which, (a) are intended for surgical implant into the
body, or (b) support or sustain life, and (c) whose failure
to perform when properly used in accordance with
instructions for use provided in the labeling, can be rea-
sonably expected to result in a significant injury to the
user,

device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

www.falrchildsemi.com

www.fairchildsemi.com
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3 Toxas CD74HC393,
INSTRUMENTS CD74HCT393

Data sheet acquired from Harris Semiconductor

SCHS186 . .
High Speed CMOS Logic
September 1997 Dual 4 -Stage Binary Counter
Features Vee =5V
* Fully Static Operation « HCT Types

- 4,5V to 5.5V Operation

- Direct LSTTL Input Logic Compatibility,

« Common Reset VL= 0.8V (Max), V| = 2V (Min)

- CMOS Input Compatibility, I < 1pA at Vo, VoH

¢ Buffered Inputs

¢ Negative-Edge Clocking

= Typical fyax = 60 MHz at Voo = 5V, C = 15pF, ‘0t
Ta = 250C Description

The Harris CD74HC393 and CD74HCT393 are 4-stage

ripple-carry binary counters. Al counter stages are master-

- Standard Qutputs............ ... 10 LSTTL Loads slave flip-flops. The state of the stage advances one count

15 LSTTL Loads ©n the negative transition of each clock pulse; a high voltage
level on the MR line resets all counters to their zero state. All

° Wide Operating Temperature Range ... -55°C to 125°C inputs and outputs are buffered.

¢ Fanout (Over Temperature Range)

- Bus DriverOQutputs .............

Balanced Propagation Delay and Transition Times ! .
e . Ordering Information

Significant Power Reduction Compared to LSTTL

Logic ICs PKG.
PART NUMBER | TEMP. RANGE (°C)| PACKAGE NO.
= HC Types
- 2V to 6V Operation CD74HC393E -5510 125 14 LdPDIP |E14.3
A : ), L L5 Y, )
High Nolse Infrqunity: Njp5'dlie-dhis = p05e0 N Ve o 887 Mhcor{henias -55t0 125 14LdPDIP [E14.3
Pinout
CD74HC393, CD74HCT393
(PDIP, SOIC)
TOP VIEW
icP E
MR [2]
1q0 [3]
101 [4]
10z [§]
103 [€]
GND [7]
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1653.1

Copyright © Harris Corporation 1997 q



CD74HC393, CD74HCT393

Functional Diagram

3
1Qq
1 4
1CP —2 —0 BINARY : 1Q4
1MR COUNTER 1Q,
6
1Q3
11
2Qq
13
—— 10
oy " BINARY gl
MR COUNTER 9 20,
8
2Q3
GND=7
Ve =14
TRUTH TABLE
OUTPUTS
CP COUNT Q Q4 Q; Q3
0 L L L L
1 H L By E
2 L H s L
3 H H L {E
4 L L H L
5 H L H L
6 L H H L
P H H H L
8 B L L H
9 H L L H
10 L H ¥ H
11 H H L H
12 L L H H
13 H L H H
14 L H H H
15 H H H H
CP COUNT MR OUTPUT
T L No Change
d L Count
X H LLLL

NOTE: H = High Voltage Level, L = Low Voltage Level, X = Don't Care,
T = Transition from Low to High Level, | = Transition from High to Low.




CD74HC393, CD74HCT393

Logic Diagram

ol
ol
8l
ol
8l
o]
-]
ol

1(13) [ [
ﬁ
2(12)
MR o—>

]
i
]
2l

3(11) 4(10) 5(9) 6(8)




CD74HC393,

CD74HCT393

Absolute Maximum Ratings

DC Supply Voltage, Ve - oo ovo v -0.5Vto 7V
DC Input Diode Current, Ik

ForVi<-0.5VorVi>Vee+05V.. ...t +20mA
DC Output Diode Current, lok

ForVg<-0.5VorVo>Vee+ 0.5V .. ..ooooiiii. +20mA
DC Output Source or Sink Current per Output Pin, Ig

ForVo>-08VorVo<Vgg+05V. . ...t +25mA
DC Ve or Ground Current, log or IGND - -+« v e vevvveennns +50mA

Operating Conditions

Temperature Range (Ta) -« - vvvenneenennnennn -55°C to 125°C
Supply Voltage Range, Vo
HEETYPES & sumssvon varsosan s SUmndiedn o SEaimee i 2V to 6V
HETIYPOS: o cns coanans i S avasas: o dvegn i 4.5V to 5.5V
DC Input or Output Voltage, V|, Vg . ................ 0V to Veo
Input Rise and Fall Time
2N riien v v R e TR AT T 1000ns (Max)
g gy ol 500ns (Max)
3} R g0 400ns (Max)

Thermal Information

Thermal Resistance (Typical, Note 3) 8 (°CIW)
POIP:Package:, . s v en s v oo dwaanis i 85 90
SOICPackage. ...........coiiuniininionns 175

Maximum Junction Temperature . . .. ......... ..o 150°C

Maximum Storage Temperature Range .......... -65°C to 150°C

Maximum Lead Temperature (Soldering 108)............. 300°C

(SOIC - Lead Tips Only)

CAUTION: Stresses above those listed in *Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:

3. 8y is measured with the component mounted on an evaluation PC board in free air.

DC Electrical Specifications

COJIEI?‘LNS Vee 25°C -40°C TO 85°C |-55°C TO 125°C
PARAMETER  [sYmBoL| vi(v) [lo(mA)| ) | mMiN | TYP [ mAX | MIN | max | mIN | mAX | uniTs
HC TYPES
High Level Input Vi - E 2 1.5 - - 1.5 - 1.5 - Vv
Vitags 45 | 315 - AN | =135 | - v
4.2 i . 4.2 . 4.2 - v
Low Level Input ViL - - - - 0.5 - 0.5 - 0.5 A
Voltage 4.5 : 2 1.35 . 1.35 . 1.35 Y
6 " A 1.8 < 1.8 - 1.8 v
High Level Output VoH VigorV_| -0.02 1.9 - - 1.9 - 1.9 - \
‘éﬂtggel_oa w 002.| a5 | 44 | - Ny N Y - v
-0.02 6 5.9 z § 5.9 - 5.9 . v
High Level Output - - = - - - - - - \
¥$:faf:ads a4 45 | 398 | - @ | 388 | - 37 - v
5.2 5.48 = - 5.34 < 5.2 - v
Low Level Output VoL [|VigorVy| 0.02 - - 0.1 - 0.1 - 0.1 \
A " 002 | 45 - - | o4 . 0.1 . 0.1 v
0.02 6 i - 0.1 - 0.1 - 0.1 %
Low Level Qutput - - - - - - - - - Y
ﬁtaffads 4 45 - - | 026 - 0.33 - 0.4 v
5.2 6 - - | o026 - 0.33 - 0.4 v
Input Leakage I Veg or - - - +0.1 - *1 - + UA
Current GND
Quiescent Device lce Vg or 0 6 - - 8 - 80 - 160 pA
Current GND




CD74HC393, CD74HCT393

DC Electrical Specifications (Continued)

TEST
CONDITIONS Y5 25% -40°C TO 85°C | -55°C TO 125°C
PARAMETER SYMBOL | V| (V) I Ig (mA) v) MIN ’ TYP ] MAX | MIN MAX MIN MAX | UNITS
HCT TYPES
High Level Input ViH - - 45t0 2 - - 2 - 2 - \"
Voltage 5.5
Low Level Input VL - - 4.5t0 - - 0.8 = 0.8 - 0.8 \'
Voltage 5.5
High Level Output Vou VigorVy_| -0.02 45 4.4 - - 4.4 - 4.4 \
Voltage
CMOS Loads
High Level Qutput -4 4.5 3.98 - - 3.84 - 3.7 - Vv
Voltage
TTL Loads
Low Level Output VoL VigorVy | 0.02 4.5 - - 0.1 - 0.1 - 0.1 v
Voltage
CMOS Loads
Low Level Output 4 4.5 - - 0.26 - 0.33 - 0.4 A
Voltage
TTL Loads
Input Leakage Iy Ve and 0 55 - - 0.1 = +1 - +1 HA
Current GND
Quiescent Device lce Ve or 0 25 - - 8 B 80 - 160 HA
Current GND
Additional Quiescent Alge Vee - 4.5 to - 100 360 - 450 - 490 HA
Device Current Per -21 8.5
Input Pin: 1 Unit Load
NOTE: For dual-supply systems theorectical worst case (V)= 2.4V, Ve = 5.5V) specification is 1.8mA.
HCT Input Loading Table
INPUT UNIT LOADS
nCP 0.4
nMR 1
NOTE: Unit Load is Algg limit specified in DC Electrical Table, e.g.,
360pA max at 25°C.
Prerequisite for Switching Specifications
25°C -40°C TO 85°C | -55°C TO 125°C
PARAMETER SYMBOL | Vec (V) MIN | TYP l MAX MIN MAX MIN MAX | UNITS
HC TYPES
Maximum Clock fvax 2 6 - - 5 - 4 - ns
Frequency 45 30 2 I 24 4 20 - ns
6 35 s - 28 z 24 " ns
Clock Pulse Width fw 2 80 - - 100 - 120 - ns
4.5 16 - - 20 - 24 - ns
6 14 - - 17 - 20 - ns
Reset Recovery Time tREC 2 5 - - 5 - 5 - ns
4.5 5 - - 5 - 5 - ns
6 5 - - 5 - 5 - ns




CD74HC393, CD74HCT393

Prerequisite for Switching Specifications

{Continued)

25% -40°C TO 85°C | -55°C TO 125°C
PARAMETER SYMBOL Vee (V) MIN TYP MAX MIN MAX MIN MAX UNITS
Reset Pulse Width tw 2 80 - - 100 - 120 - ns
45 16 - - 20 - 24 - ns
6 14 - - 17 - 20 - ns
HCT TYPES
Maximum Clock fMAX 45 27 - - 22 - 18 - MHz
Frequency
Clock Pulse Width tw 4.5 19 - - 24 - 29 - ns
Reset Recovery Time tREC 4.5 5 - = 5 - 5 - ns
Reset Pulse Width tw 4.5 16 - - 20 - 24 - ns
Switching Specifications Input t,, t; = 6ns
TEST Vee 25°C -40°C TO 85°C | -55°C TO 125°C
PARAMETER SYMBOL | CONDITIONS | (V) | MIN | TYP | MAX | MIN ] MAX | MIN l MAX | UNITS
HC TYPES
Propagation Delay Time tpLH, C| = 50pF 2 - - 45 - 55 - 70 ns
(Figure 1) tPHL
QtoQp + 1 4.5 - - 9 - 11 - 14 ns
Cp =15pF 5 - 4 - - - - - ns
Cp = 50pF - - 8 - 9 - 12 ns
nCP to nQg teLy, | CL=50pF 2 - - 150 - 190 - 225 ns
tPHL 45 \Wi= - 30 - ag = 59 ns
Cy =15pF 5 - 12 - - - - - ns
Cy = 50pF 6 - - 26 - 33 - 50 ns
nCP to nQy toLh, | CL= 50pF 2 T - [1s0 | - [ 285 | - | 295 | ns
PHL 45 3 A T - 49 - 59 ns
6 - - 33 - 42 - 50 ns
nCP to nQ; tpLy, |CL=50pF 2 - 7 240 - 300 - 360 ns
tPHL 45 . - | 48 - 60 72 ns
6 - : 41 - 51 B 61 ns
nCP to nQg tpLH, |CL=50pF 2 - -~ | 285 - 355 - 430 ns
PHL 45 = 15T . 71 . 86 ns
] - - 48 - 60 - 73 ns
MR to Q, tpLH, |CpL=50pF 2 - - 135 - 170 - 205 ns
tPHL 45 p - 27 . 34 - 41 ns
C_ =15pF 5 - 11 - - - - - ns
CL = 50pF s ) 23 = 29 = 35 ns
Output Transition Time trLHs tTHL | CL = 50pF 2 - - 75 95 - 110 ns
(Figure 1) @ | : | =181 - 19 : 22 | ns
[ - - 13 - 16 - 19 ns
Input Capacitance CiNn C| = 50pF - - - 10 - 10 - 10 pF
Power Dissipation Capacitance Cpp CL =15pF 5 - 20 - - = - = pF
(Notes 4, 5)




CD74HC393, CD74HCT393

Switching Specifications inputt, ;= 6ns (Continued)

25°¢C -40°C TO 85°C | -55°C TO 125°C
TEST Vee
PARAMETER SYMBOL | CONDITIONS | (V) | MIN | TYP ] Max | MmN | MAX | MIN | MAX |UNITS
HCT TYPES
Propagation Delay Time tpLH, | CL=50pF 4.5 - - 12 - 15 - 18 ns
(Figure 1) tPHL
QntoQp+ 1 Cp=15pF 5 - 4 - - - - - ns
nCP to nQg tpLH, |CL=50pF 4.5 - - 32 - 40 - 48 ns
PHL  [C =150F 5 T | - - ; ; ; hs
nCP to nQ tpLH, |CL=50pF 45 . - 44 . 55 - 66 ns
tPHL
nCP to nQy tpy, |CL=50pF 4.5 = = 50 3 63 = 75 ns
tPHL
nCP to nQ3 tpy, | CuL=50pF 45 - - 62 - 78 - 93 ns
tPHL
MR to Q tpLH, Cp = 50pF 4.5 - - 32 - 40 - 48 ns
t
PHL  Ic, =15pF 5 - 13 - X - . - ns
Output Transition trLH. tTHL | CL = S0pF 4.5 - - 15 - 19 - 22 ns
Input Capacitance Cin Cp =15pF - - - 10 - 10 - 10 pF
Power Dissipation Capacitance Cep Cy =15pF L, - 21 - - - - - pF
(Notes 4, 5)
NOTES:

4. Cpp is used to determine the dynamic power consumption, per stage.

5. Pp= V002 fi (Cpp + Cy) where f; = Input Frequency, C; = Output Load Capacitance, Vgg = Supply Voltage.

Test Circuits and Waveforms

t = 6ns —e= |--

INPUT

—'-I |-— t;=6ns

90%
50%
10%

trHL

INVERTING
OUTPUT

—

e’

tpHL[=— —=

FIGURE 1. HC AND HCU TRANSITION TIMES AND PROPAGA-
TION DELAY TIMES, COMBINATION LOGIC

tr=sn5—h-

INPUT

tTHL

INVERTING
OUTPUT

—=

3V

GND

FIGURE 2. HCT TRANSITION TIMES AND PROPAGATION
DELAY TIMES, COMBINATION LOGIC




IMPORTANT NOTICE

Texas Instruments and its subsidiaries (T1) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government 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, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
thatany license, either express orimplied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. Tl's publication of information regarding any third
party's products or services does not constitute TI's approval, warranty or endorsement thereof.

Copyright © 1999, Texas Instruments Incorporated
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General Description

This device contains two independent positive-edge-trig-
gered D-type flip-flops with complementary outputs. The
information on the D input is accepted by the flip-flops on
the positive going edge of the clock pulse. The triggering
occurs at a voltage level and is not directly related to the

September 1986
Revised July 2001

Dual Positive-Edge-Triggered D-Type Flip-Flops
with Preset, Clear and Complementary Outputs

transition time of the rising edge of the clock. The data on
the D input may be changed while the clock is LOW or
HIGH without affecting the outputs as long as the data
setup and hold times are not violated. A LOW logic level on
the preset or clear inputs will set or reset the outputs
regardless of the logic levels of the other inputs.

Ordering Code:

Order Number | Package Number

Package Description

DM7474M Mi4A

14-Lead Small Qutline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow

DM7474N N14A

14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide

Connection Diagram

Vee CLAR2 02 CLK2 PRZ az iz

L0 LE] 12 il il ll II

D

|
=
D
[LL ==

1 2 3 4 5 3 I'r

CLR ['A] CLK1 PRI ai

oI
2}
F3
=)

Devices also available in Tape and Reel. Specify by appending the suffix letter "X” to the ordering code.

Function Table
Inputs Outputs
PR | CLR | cLk D Q Q
L H X X H L
H L X X L H
I L X X H H
(Note 1) (Note 1)
H H T H H L
H H T L L H
1 H = X Qg Q,

H =HIGH Logic Level

X = Either LOW or HIGH Logic Level

L =LOW Logic Level

T = Positive-going ransition of the clock.

Qg = The output logic level of Q before the indicated input conditions were
astablished.

Note 1: This configuration is nonstable; that is, it will not persist when gither

the preset and/or clear inputs return ta their inactive (HIGH) level.

© 2001 Fairchild Semiconductor Corporation DS006526

www.fairchildsemi.com
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DM7474

Absolute Maximum Ratingsote 2)

Note 2: The "Absolute Maximum Ratings™ are those values beyond which

Supply Voltage v
Input Voltage 5.5V
Operating Free Air Temperature Range 0°C to +70°C
Storage Temperature Range ~65°C to +150°C

Recommended Operating Conditions

the safety of the device cannot be guaranteed. The device should not be
operated at these limits. The parametric values defined in the Electrical
Characteristics tables are not

atthe

ratings.

The "Recommended Operating Conditions™ table will define the conditions
for actual device operation.

Symbol Parameter Min Nom Max Units
Vee Supply Voltage 4.75 5 5.25 v
ViH HIGH Level Input Voltage 2 A
Vi LOW Level Input Voltage 0.8 v
lon HIGH Level Qutput Current -0.4 mA
loL LOW Level Qutput Current 16 mA
fok Clock Frequency (MNote 4) 0 15 MHz
b Pulse Width Clock HIGH 30

(Note 4) Clock LOW 37 A
Clear LOW 30
Preset LOW 30
tsy input Setup Time (Note 3)(Note 4) 20T ns
ty Input Hold Time (Note 3)(Note 4) 5T ns
Ta Free Air Operating Temperature 0 70 °C
Note 3: The symbol (T) indicates the rising edge of the clock pulse is used for reference.
Note 4: Ty =25°C and Ve =5V.
Electrical Characteristics
over recor ded operating free air temperature range (unless otherwise noted}

Symbol Paramater Conditions Min (N:{: 5) Max Unks
] Input Clamp Voltage Vee = Min, || =-12 mA ~-1.5 v
Von HIGH Level Vee = Min, gy = Max =, . U

QOutput Voltage Vi = Max, Viy = Min
VoL LOW Level Ve = Min, Ig = Max s 0.4 v
Output Voltage Vi = Min, Vy_=Max
h Input Current @ Max Input Voltage | Ve = Max, V) = 5.5V 1 mA
[} HIGH Level Ve = Max D 40
Input Current V=24V Clock 80
Clear 120 HA
Preset 40
I LOW Level Ve =Max ] -1.6
Input Current Vi =04V Clock -3.2 —
(Note 8) Clear =3.2
Preset -1.6
los Short Circuit Output Current Ve = Max (Note 6) -18 -55 mA
lee Supply Current Vee = Max (Note 7) 17 30 mA

Note 5: All typicals are at Vg =5V, Ty =25°C.
Note 6: Not more than one output should be shorted at a time.

Note 7: With all outpuls open, I is measured with the Q and Q outputs HIGH in turn. At the lime of measurement the clock is grounded.

Mote B: Clear is tested with preset HIGH and preset is tested with clear HIGH.

www.fairchildsemi.com




Switching Characteristics
atVeg = 5V and Ta=25°C

Fi { t] Ry =400Q, C, =15 pF
Symbol Parameter rom (nput) r k Units
To (Output) Mir Max
Fraax Maximum Clock 15 MHz
Frequency
teHL Propagation Delay Time Presetio Q w0 ns
HIGH-to-LOW Level Qutput
tpLH Propagation Delay Time Presetto Q 25 &5
LOW-to-HIGH Level Output
tpHL Propagation Delay Time Clear to Q 40 ne
HIGH-to-LOW Level Output
tpLH Propagation Delay Time Clearto Q 25 -
LOW-to-HIGH Level Oulput
tpuL Propagation Delay Time Clockto Q or @ a0 -
HIGH-to-LOW Level OQutput
tpLH Propagation Delay Time Clock to Q or @ 25 fis
LOW-to-HIGH Level Output

www.fairchildsemi.com
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DM7474

0.150 -0.157
(3.810-3.983)

0.010 ~0.020

T.z54-0.508 * = r_

3° MAX TYP
ALL LEADS

Jf_df

0.008 -0.010
(0.203~0.254)
TYP ALL LEADS
(0.102)
ALL LEAD TIPS

TYP ALL LEADS

Phy5i03| Dimensions inches (milimeters) unless otherwise noted

0335 -0.344

(8.509 - 8.738)

0.226—0.244
{5.191-6.198)

LEAD NO. "i/’
I0ENT ? g

0.053 -0.069
{1,346~ 1.753)

0.004—0.010
{0.102-0.254)

SEATING
PLANE

_’I L_;uu-n.m TP

56 0.508)

e L4

0.203}

MR BEY S

14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
Package Number M14A

www.fairchildsemi.com




Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.740-0.770
(18.80 -19.56)

L veso
[~ .z}
1] (@] [12] [1] (9] [3]
5 0.25010.010
{6.350£0.250)
PN nu.1_/'O
IDENT DI 2l (3T [af Is]lise] 2]

0.092 . 0.030 MAX
237 (0.762) DEFTH

DPTION OPTION 02
0.135:£0.005
0.135£0.005 0.300—0.320
[EXEETRE] -
0.145 -0.200 e 0.060 e e~ ¥
{3.683 —5.000) | {1.524) /"\ ™ gponaL G'T "l
[ |G | |l
| I }
+ 4
0.008-0.016
50450
0.020 ¥ 90° 40 TP L~ B wom—oe
(0.508) & 7
Wi 0175-0.150 b amssaes
{3175 —3.810) “I¢‘_m
0.014-0,023
— TVp —> | {=—
o 0.100:£0,010
: 0.850 £0.010 V- ("
E T oas
101
("255 —0.3&?) HI4A (REV F)

i4-Lead Plastic Dual-In-Line Package (PDIFP), JEDEC MS-001, 0.300" Wide

Package Number N14A

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

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATION. As used herein:

i. Life support devices or systems are devices or systems

2. A critical component in any component of a life support

which, (a) are intended for surgical implant into the
body, or (b) support or sustain life, and (¢) whose failure
to perform when properly used in accordance with
instructions for use provided in the labeling, can be rea-
sonably expected to result in a significant injury to the
user.

device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

www.fairchildsemi.com

www.fairchildsemi.com
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SN5404, SN54L504, SN54S04,
SN7404, SN74LS04, SN74S04
HEX INVERTERS

SDLS029C - DECEMBER 1983 - REVISED JANUARY 2004

® Dependable Texas Instruments Quality and SN5404. .. J PACKAGE
Reliability SN54L504, SN54S04 . .. J OR W PACKAGE

SN7404, SN74S04 ...D, N, OR NS PACKAGE
SN74LS04...D, DB, N, OR NS PACKAGE

(TOP VIEW)
description/ordering information ")

These devices contain six independent inverters. 1A[ 1 14{] Ve
1Y[] 2 13[] 6A
2A[} 3 12[] 6Y
2Y[ 4 11[] 5A
3A[ls 10f] 5Y
3Y[}s af] 4A

GND[| 7 8l] 4y
SN5404 ... W PACKAGE
(TOP VIEW)
1A[] 1 e 14[] 1Y
2YE 2 13[] 6A
2A[] 3 12[) 6Y
Veell 4 11[] GND
3A[]l 5 10]] 5Y
3Y[} s 9[] 5A
4All 7 8[] 4Y

SN54L504, SN54504 .. . FK PACKAGE
(TOP VIEW)
o
>80 9%
7 ¢ - |
321 2019
18[]

2A [ 4 BY
NC []s 17[I NC
2y fle 16[] 5A
NC []7 15[] NC

3A [l 8 ; 14[] 5Y

2
Q
-
—_
[~}

-
aA [l s

3Y [Jeo

GND (]
4y

&)
=z

NC - No internal connection

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

PRODUCTION DATA information Is current as of publication date. Copyright © 2004, Texas Instruments Incorporated
Products conform lo specifications per 1he terms of Texas instruments Q’ T On products compliant to MIL-PRF-38535, all parameters are tested

festing of all parameters. g does not ily include unless otherwise noted. On all other products, production
INSTRUMENTS

processing does not necessarily include testing of all parameters.
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1




SN5404, SN54L.S04, SN54504,
SN7404, SN74LS04, SN74S04
HEX INVERTERS

SDLS029C - DECEMBER 1983 - REVISED JANUARY 2004

ORDERING INFORMATION

Ta PACKAGE! PART NUMBER MARKING
Tube SN7404N SN7404N
PDIP - N Tube SN74LS04N SN74LS04N
Tube SN74S04N SN74504N
Tube SN7404D
Tape and reel SN7404DR i
Tube SN74LS04D
0°C to 70°C SOIC-D  peandreel | SN74LS04DR Eoats
Tube SN74504D
Tape and reel SN74S04DR Soa
Tape and reel SN7404NSR SN7404
SOP - NS Tape and reel SN74LS04NSR 74L504
Tape and reel SN74S04NSR 74504
SSOP - DB | Tape and reel SN74LS04DBR LS04
Tube SN5404J SN5404J
Tube SNJ5404) SNJ5404J
Tube SN54L.504J SN54LS04J
cote -2 Tube SN54504/ SN54S04.
Tube SNJ54LS04J SNJ54LS04J
-55°C to 125°C Tube SNJE4S04J SNJ54504J
Tube SNJ5404W SNJ5404W
CFP - W Tube SNJ54LS04W SNJ54LS04W
Tube SNJ54S04W SNJ54S04W
Tube SNJ54LS04FK SNJ54LS04FK
5 i Tube SNJ54S04FK SNJ54S04FK

T Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines

are available at www.ti.com/sc/package.

FUNCTION TABLE
(each inverter)

INPUT QUTPUT
A "
H L
L H

‘? TeExAS
INSTRUMENTS

2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




SN5404, SN54LS04, SN54S04,
SN7404, SN74LS04, SN74S04
HEX INVERTERS

SDLS029C ~ DECEMBER 1983 - REVISED JANUARY 2004

logic diagram (positive logic)

1A >c 1Y
2A >o 2y
3A >c 3y
4A >o 4y
5A >c> 5Y
6A >o 6Y
Y=A

Jy TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3



SN5404, SN54LS04, SN54S04,
SN7404, SN74LS04, SN74504
HEX INVERTERS

SDL5029C - DECEMBER 1983 = REVISED JANUARY 2004

schematics (each gate)

04

Vee

130 Q

Input A
Output Y
GND
‘LS04 1504

Vee

Vee

GND

GND

b

Resistor values shown are nominal.

“? TeExas
INSTRUMENTS
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SN5404, SN54LS04, SN54504,
SN7404, SN74LS04, SN74S04
HEX INVERTERS

SDLS029C — DECEMBER 1983 — REVISED JANUARY 2004

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

Supplyveltage; Viec:(see NOE 1) vos sonw avs sommares vey soan oup 505 S90A5 VoS CORes SREaaEss Has v 7V
Input voltage, Vit "04: S04 v as cus sms o5 v o mass s 5o a5% a8 §08 fiis Pesn Sopai Saaiin ©on SEae i 55V
0 7V

Package thermal impedance, 85 (see Note 2): Dpackage ...........ccoiviiiiinnninvnnnenann, 86°C/W
DB package ........coeiiimiiaiiniaiiiiaaienn 96°C/W

Npackage ........coiiiimiiiiiiiaiaaaann 80°C/W

NS package : .::qs vop ves oo vos 5 semawads maEes & 76°C/W

Storage temperature range, Tgtg + .« .cuoeesnieunsinionesiieiiasiisciisrisistissansss -65°C to 150°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. This 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 absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. Voltage values are with respect to network ground terminal.

2. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions (see Note 3)

SN5404 SN7404
MIN NOM MAX MIN NOM MAX Ll
Vee Supply voltage 45 5 55| 475 5 525 \
ViH High-level input voltage 2 2 \
ViL Low-level input voltage 0.8 0.8 \
loH High-level output current =0.4 -0.4 mA
loL Low-level output current 16 16 mA
TA Operating free-air temperature -55 125 0 70 °C

NOTE 3: All unused inputs of the device must be held at Vo or GND to ensure proper device operation. Refer to the Tl application report,
Implications of Slow or Floating CMOS Inputs, literature number SCBA0C4.

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

SN5404 SN7404

PARAMETER TEST CONDITIONST MIN TYPS  MAX MIN_TYPS MAX UNIT
Vik Vee = MIN, li=-12 mA 1.5 =1.5 V
Vou Voo =MIN, VIL=08YV,  Igq=-04mA 24 34 24 34 v
VoL Voo = MIN, VIH=2V, loL =16 mA 0.2 0.4 0.2 0.4 \%
Iy Veg = MAX, V=565V 1 1 mA
IH Voe = MAX, Vi=24V 40 40| pA
L Vee = MAX, V=04V -1.6 -1.6| mA
1osT Vee = MAX -20 -55 -18 -55| mA
IccH Voo = MAX, Vi=oV 6 12 6 12 mA
lccL Vee = MAX, Vi=45V 18 33 18 33 mA

% For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
§ All typical values are at Vo = 5V, Ta = 25°C.
T Not more than one output should be shorted at a time.

‘Q’ TeExAs
INSTRUMENTS
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SN5404, SN54L504, SN54504,
SN7404, SN74LS04, SN74S504
HEX INVERTERS

SDLS029C - DECEMBER 1983 = REVISED JANUARY 2004

switching characteristics, Vo =5V, Tp = 25°C (see Figure 1)

SN5404
FROM TO
PARAMETER (INPUT) (OUTPUT) TEST CONDITIONS SN7404 UNIT
MIN  TYP MAX
tPLH 12 22
A Y R =400 CL=15pF ns
o L Q, L p 8 15
recommended operating conditions (see Note 3)
| SN54LS04 SN74LS04 ik
MIN NOM MAX MIN NOM MAX
Vce Supply voltage 45 5 55| 475 5 525 v
VIH High-level input voltage 2 2 \"
ViL Low-level input voltage 0.7 0.8 \
loH High-level output current ~-0.4 -0.4| mA
loL Low-level output current 4 81 mA
TA Operating free-air temperature =65 125 0 70 °C

NOTE 3: All unused inputs of the device must be held at Vi or GND to ensure proper device operation. Refer to the Tl application report,
Implications of Slow or Floating CMOS Inputs, literature number SCBAQ04.

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

‘ 1 SN54LS04 SN74LS04 ki
PARAMETER TEST CONDITIONS MiN Yt MAX| MIN TYPE  MAX
ViK Ve = MIN, l|=-18 mA -1.5 -1.5 \
VoH Ve = MIN, VL = MAX, loH = -0.4 mA 2.5 3.4 27 3.4 \)
2 ved dulk VLA loL =4 mA 0.25 0.4 0.4 "
oL e < loL = 8mA 025 05
j Ve = MAX, V=7V 0.1 0.1 mA
IiH Vee = MAX, Vis27V 20 20 HA
L Voo = MAX, V=04V -0.4 -04| mA
1os’ Vee = MAX ~20 -100| -20 -100| mA
lccH Vee = MAX, V=0V 1.2 2.4 1.2 24| mA
leeL Voo = MAX, Vi=45V 3.6 6.6 3.6 66| mA
T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
1 All typical values are at Vo = 5V, T = 25°C.
§ Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second.
switching characteristics, Voc =5V, Tq = 25°C (see Figure 2)
EREM o SN54LS04
SN74LS04
PARAMETER (INPUT) (OUTPUT) TEST CONDITIONS UNIT
MIN TYP MAX
tPLH 9 15
oHL A ¥ Rl =2kQ, CL=15pF T 1 ns

Q’ TEXAS
INSTRUMENTS
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SN5404, SN54L.504, SN54504,
SN7404, SN74LS04, SN74504
HEX INVERTERS

SDLS029C - DECEMBER 1983 = REVISED JANUARY 2004

recommended operating conditions {see Note 3)

SN54504 SN74504
MIN NOM MAX| MIN NOM MAX MR
Vee Supply voltage 4.5 5 55| 475 5 525 \
VIH High-level input voltage 2 2 \
ViL Low-level input voltage 0.8 0.8 A
loH High-level output current -1 -1 mA
loL Low-level output current 20 20| mA
TA Operating free-air temperature =55 125 0 70 °C

NOTE 3: All unused inputs of the device must be held at Vg or GND to ensure proper device operation. Refer to the Tl application report,
Implications of Slow or Floating CMOS Inputs, literature number SCBAQO4.

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

BB 1 SN54504 SN74504 it
ER TEST CONDITIONS MIN TYPE  MAX MIN _TYPE MAX
VIK Vee = MIN, I|=-18 mA -1.2 -12] v
VoH Voo = MIN, ViL=08YV, IoH =-1mA 25 3.4 27 34 \
VoL Vg = MIN, ViH=2V, loL =20 mA 0.5 0.5 \%
I Ve = MAX, V=55V 1 1] maA
IIH Voo = MAX, V=27V 50 50 pA
i Ve = MAX, V=05V =2 -2 mA
los$ Vce = MAX -40 -100| -40 -100| mA
ICCH Ve = MAX, V=0V 15 24 15 24| mA
lccL Voo = MAX, V=45V 30 54 30 54| mA
1 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
1 All typical values are at Vg = 5V, T = 25°C.
§ Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second.
switching characteristics, Vgg = 5 V, Tp = 25°C (see Figure 1)
ERoM 1o SN54504
PARAMETER (INPUT) (OUTPUT) TEST CONDITIONS SN74504 UNIT
MIN  TYP MAX
tPLH y, / \ 3 45
= A i R =280 &, CpL =15pF 3 3 ns
PLH 4.5
A Yi R =280 Q, Cp =50 pF ns
tPHL L L 5
*3
EXAS
INSTRUMENTS
POST OFFICE BOX 655303 @ DALLAS. TEXAS 75265 7



SN5404, SN54LS04, SN54S04,
SN7404, SN74LS04, SN74504
HEX INVERTERS

SDLS029C - DECEMBER 1983 - REVISED JANUARY 2004

PARAMETER MEASUREMENT INFORMATION
SERIES 54/74 AND 54S/74S DEVICES

Vce
Test Rp

Test Point s1
Point Vee
v From Output
cc Under Test {see Note B)
RL cL
From Output RL (see Note A)
Under Test
(see Note B) From Output Test
CL Under Test Point =
{see Note A) CL
(see Note A) I j{sz
LOAD CIRCUIT LOAD CIRCUIT LOAD CIRCUIT
FOR 2-STATE TOTEM-POLE QUTPUTS FOR OPEN-COLLECTOR OUTPUTS FOR 3-STATE OUTPUTS
’ - 3V
High-Level Timing
Pulse 15V i5V Input 15V
| | —H—-N9Z, [| SWE VD A W\ wy
e by —»] th
¥/ 4t S -
—_———3V
Low-taval 15V 1.5V IR 1.5V 15V
Pulse Input
oV
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PULSE DURATIONS SETUP AND HOLD TIMES
Output
Control
_____ 3V (low-levei
Input 1.5V 15V enabling)
| oV

in-Phase
Output
(see Note D)

| I
tpHL ——P I‘—’{— tPLH

Out-of-Phase | | VoH
Output 15V 1.5V
(see Note D) ——— VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.

All diodes are 1N3064 or equivalent.

mo Owp»

Waveform 1

! |
; I 1.5V
(see Notes C | 15V | % N
e +0.
and D) : | —“ VoL oL

tpzy —¥  — —» —tpHz

l — VoH
Waveform 2 ———VgH=-05V
{see Notes C 1.5V _
and D) 1.5V

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS

- Waveform 1 is for an output with internal conditions such that the output is low, except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high, except when disabled by the output control.

- S1and S2 are closed for tp|_H, tPHL. tPHZ. and tp|_z; S1is open and S2 is closed for tpz; S1 is closed and S2 is open for tpz| .
All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Zg = 50 Q; ty and t; < 7 ns for Series

54/74 devices and t; and tf < 2.5 ns for Series 54S/74S devices.

m

The outputs are measured one at a time, with one input transition per measurement.

Figure 1. Load Circuits and Voltage Waveforms

‘*? Texas
INSTRUMENTS
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SN5404, SN54LS04, SN54S04,
SN7404, SN74LS04, SN74S04
HEX INVERTERS

SDLS029C - DECEMBER 1983 ~ REVISED JANUARY 2004

PARAMETER MEASUREMENT INFORMATION
SERIES 54L.5/74L.S DEVICES

Test
Point VYce

RL

From Output

Under Test (see Note B)

(see Note A) j|j

LOAD CIRCUIT
FOR 2-STATE TOTEM-POLE OUTPUTS

High-Level

Stilee 1.3V 13V

| |

e tw —¥

| |

Low-Level 1.3V 13V
Pulse
VOLTAGE WAVEFORMS
PULSE DURATIONS
————— 3V

input 1.3V 1.3V

In-Phase
OQutput
(see Note D)

| |
tpHL —1—¥ I‘_":— PLH

Out-of-Phase I | VoH
Qutput 1.3V 13V
(see Note D)

———VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: CL includes probe and jig capacitance.

All diodes are 1N3064 or equivalent.

owm»

From Output
cL Under Test

CL
(see Note A) I !SZ

LOAD CIRCUIT
FOR OPEN-COLLECTOR OUTPUTS

Vece
Test R
51

Point

From Output

Vce Under Test {see Note B)
CL
RL (see Note A)
Test
Point =

LOAD CIRCUIT
FOR 3-STATE OUTPUTS

Timing / ek
Input Z 3V
TS T ov

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

Output
Control
{low-level
enabling) |

tPZL-+: [— | [—tpz
| I

Waveform 1 | _
(seiﬁo(:g: [ | X3y I sV
l s Mgye. WA
and D) | ey oL*VY.
| [ oL

tpzH —¥ 4— B l&—tpuz

| |
— V|
Waveform 2 I b VoH=0.5V
{see Notes C 13V 15V

and D)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS

Waveform 1 is for an output with internal conditions such that the output is low, except when disabled by the output control.

Waveform 2 is for an output with internal conditions such that the output is high, except when disabled by the output control.

@mmo

51 and 52 are closed for tp H, (PHL, tPHZ. and tp 7; S1is open and S2 is closed for tpz; S1is closed and S2 is open for tpz| .
Phase relationships between inputs and outputs have been chosen arbitrarily for these examples.

All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Zg = 50 £, ty < 1.5 ns, tf< 2.6 ns.
The outputs are measured one at a time, with one input transition per measurement.

Figure 2. Load Circuits and Voitage Waveforms

{’? TexAs
INSTRUMENTS
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PACKAGE OPTION ADDENDUM

17-Dec-2015

PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lea‘d]B'_aII"Flnish MSL Peak Temp  Op Temp (°C) Device Marking Samples
) Drawing Qty . ) () : 3 ; (415)
JM38510/00105BCA ACTIVE CDIP ) 14 8 TBD Ad2 N/ A for Pkg Type 5510 125 JM38510/ m
‘ : 00105BCA
JM38510/00105BDA ACTIVE CFP w 14 1 TBD Ad2 N/ A for Pkg Type -55t0 125 JM38510/ m
5 00105BDA , -
JM38510/07003BCA ACTIVE CDIP J 14 1 TBD A42 N/ A for Pkg Type -55 to 125 JM38510/ o
3 07003BCA .
JM38510/07003BDA ACTIVE CFP w 14 1 TBD A4z N/ A for Pkg Type -5510 125 JM38510/ m
: : 07003BDA :
JM38510/30003B2A ACTIVE Leee EK 20 1 TBD 'POST-PLATE N/ A for Pkg Type -55 10 125 JM38510/ m
& o Sl N 30003B2A :
JM38510/30003BCA ACTIVE CDIP & 14 1 TBD A42 N/ A for Pkg Type 5510 125 JM38510/ M
b 30003BCA
JM38510/30003BDA ACTIVE CFP W 14 1 TBD IPALDE N/AforPkg Type 5510125 JM38510/ P
Samples
_ ‘ qen ] 30003BDA
JM38510/30003SCA ACTIVE CDIP il 14 25 TBD Ad2 N / A for Pkg Type -5510.125 JM38510/ Saiple ]
g iy _ 3 30003SCA Sk b
M38510/00105BCA ACTIVE CDIP S 14 1 TBD A4z N/ A for Pkg Type -55 10125 JM38510/ TR
' ; o 00105BCA ;
M38510/00105BDA ACTIVE CFP w 14 1 TBD A42 N/ A for Pkg Type 5510 125 JM38510/ m
' AR : 00105BDA _
M38510/07003BCA ACTIVE CDIP H) 14 1 TBD Ad2. N/ A for Pkg Type -55 to 125 JM38510/ m
/e : 07003BCA D
M38510/07003BDA ACTIVE CFP w 14 1 TBD A4z N /A for Pkg Type -55t0 125 JM38510/ ERIErTE
. S, R 07003BDA i-
M38510/30003B2A ACTIVE LCCC EK 20 T TBD "POST-PLATE-" . N/AforPkgType  -551t0125 JM38510/ m
30003B2A el
M38510/30003BCA ACTIVE coIP J 14 1 TBD - A42 N/ A for Pkg Type 5510125 JM38510/ @
s ! 30003BCA I :
M38510/30003BDA ACTIVE CFP W 14 1. TBD A42 N/ A for Pkg Type 5510125 JM38510/ : Sples:
s T 30003BDA e
M38510/30003SCA ACTIVE coIP i 14 25 TBD Ad2 N/ A for Pkg Type 5510125 JM38510/ M
30003SCA
SN5404J ACTIVE cDIP J 14 i TBD Ad2 N/ A for Pkg Type 5510 125 SN5404J sm

o
T
o




PACKAGE OPTION ADDENDUM

INSTRUMENTS

www.fi.com 17-Dec-2015
Orderable Device Status Package Type Package Pins Package Ecoe Plan Lead/Ball Finish MSL Peak Temp  Op Temp:(°C) Device Marking S-am'pl'és :
) DEawing Qty @ SERE @ (#15) - k
SN54LS04J ACTIVE cDIP d 14 1 TBD A N/ A for Pkg Type 5510125 SN54LS04
SN54504J ACTIVE cDIP J 14 i TBD A42 74 N/A for Pkg Type -5510 125 SN54504J
SN7404D ACTIVE soic D 14 50 Green(RoHS Cufr_iilFfDAtif . Level-1-260C-UNLIM  0to70 7404
: : & no Sb/Br) e A
SN7404DE4 ACTIVE S0IC b & M4 50 Green (RoHS cu NIPDAU : Level-1-260C-UNLIM 0to-70 7404
&y G & no Sh/Br) e
SN7404DG4 ACTIVE S0IC 14 50 Green (RoHS cu NIPDAU" " Level-1-260C-UNLIM 0to 70 7404
¥ & no Sb/Br) ¥ [
SN7404DR ACTIVE solc D 14 . 2500  Green (RoHS S o mﬁmu Level-1-260C-UNLIM 0to 70 7404
&no Sb/Br) WO ERE
SN7404N ACTIVE PDIP N 14 25 Pb-Free CUNIPDAU. = © N/A for Pkg Type 0to 70 SN7404N S ks
s (RoHS) 2 e s ; 2
SN7404N3 OBSOLETE  PDIP NV <lar 2Lt TBD Call TI 0to 70
SN7404NE4 ACTIVE PDIP N 14 25 Pb-Free N/ A for Pkg Type 0to70 SN7404N
aF (HOHS) o Fon P :
SN74LS04D ACTIVE SOIC D' 14 ° 50 ~ Green (RoHS CUNIPDAU. " Level-1-260C-UNLIM 0to 70 LS04 Sm Tesi
o € e & no Sb/Br) S P
SN74LS04DBR ACTIVE SSOP DB 14 2000  Green (RoHS CUNIPDAU | Level-1-260C-UNLIM LS04 @
) ; 3 & no Sb/Br) ‘ e
SN74LS04DG4 ACTIVE solc D 14 . 50  Green (RoHS CUNIPDAU Level-1-260C-UNLIM 0o 70 LS04 m
& no Sb/Br) A .
SN74LS04DR ACTIVE SoIC D 14 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 LS04 m
_ & no Sb/Br) SRR : ;
SN74LS04DRE4 ACTIVE soIC D 14 2500 Green (RoHS 'CUNIPDAU *  Level-1-260C-UNLIM  0to 70 LS04 m
: - & no Sb/Br) T B e i :
SN74LS04DRG4 ACTIVE S0IC D 14 2500 Green (RoHS CUNIPDAU - Level-1-260C-UNLIM 0to 70 LS04 £t
& no Sb/Br) T - les
SN74LS04J OBSOLETE _ CDIP J 14 TBD Call Ti Call TI 01070 e
SN74LS04N ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU N / A for Pkg Type 01070 SN74LS04N m
_ (RoHS) i ; _
SN74LS04N3 OBSOLETE PDIP N 14 TBD Call TI Call T 0to 70
SN74LS04NE4 ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU N/ A for Pkg Type 01070 SN74LS04N '
i
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp  Op Temp (3C) Device Marking Samples
() Drawing Qty @ B TS @ @s) 1
SN74LS04NSR ACTIVE SO NS 14 2000 Green (RoHS CUNIPDAU  Level-1-260C-UNLIM 0to 70 741504 m
Aot .- &noSb/Br) ax :
SN74LS04NSRG4 ACTIVE o] NS 14 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 74L804 [
: & no Sb/Br) _‘ S : ;
SN74804D ACTIVE soIC D 14 50 .. Green (RoHS CUNIPDAU~  Level-1-260G-UNLIM  0to 70 S04 Sartinles
. &noSb/By = e il
SN74504DG4 ACTIVE S0IC D 14 50 | Green (RoHS CU NIPDAU. Level-1-260C-UNLIM 0to 70 S04 e
: & no Sb/Br) BL
SN74S04DR ACTIVE solc D 14 2500 Green (RoHS CUNIPDAU . . Level-1-260C-UNLIM  0to 70 504 v
] . &no Sb/Br) ‘ B Samples
SN74S04N ACTIVE PDIP N 14 25 Pb-Free CUNIPDAU N/ A for Pkg Type 0to 70 SN74504N P
(RoHS) ; 5 _ P
SN74S04N3 OBSOLETE  PDIP N 14 , TBD Call e pibe Call Tl 0to 70
SN74S04NE4 ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU N/ A for Pkg Type 0to 70 SN74S04N 9
SN74S04NSR ACTIVE S0 NS 14 = 2000 ° Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 74504 m
| .. &no Sb/Br) Py B
SNJ5404. ACTIVE CDIP J 14 i TBD A42 N/Afor Pkg Type  -55t0 125 SNJ5404
SNJ5404W ACTIVE CFP W 14 1 TBD Ad2 N/AforPkgType ~ -55t0 125 SNJ5404W
SNJ54LS04FK ACTIVE Lcce FK 20 1 TBD POST-PLATE. = N/AforPkgType  -55t0 125 SNJ54LS émpes ;
e 04FK B ;
SNJ54L504J ACTIVE coIP g 14 1 TBD A42 N/ A for Pkg Type 5510125 SNJ54LS04J T
SNJ54LS04W ACTIVE CFP w 14 A TBD A42 N/ A for Pkg Type :55 0 125 SNJ54LS04W _
SNJ54S04FK ACTIVE LccC FK 20 1 TBD N/ A for Pkg Type -55to 125 SNJ54S ; spm
: 04FK s
SNJ54504J ACTIVE CDIP J 14 1 TBD Ad2 N/Afor PkgType 5510125 SNJ54504J 8
SNJ54504W “ACTIVE CFP w 14 1 TBD Ad2 N/ A for Pkg Type 550 125 SNJ54504W m

M The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.
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OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
) There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

®) Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If aline is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

€} | ead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important information and Disclaimer:The information provided on this page represents Ti's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

OTHER QUALIFIED VERSIONS OF SN5404, SN54L.S04, SN54L.S04-SP, SN54504, SN7404, SN74LS04, SN74S04 :
o Catalog: SN7404, SN74LS04, SN54LS04, SN74504

o Military: SN5404, SN54LS04, SN54504

e Space: SN54L.S04-SP

NOTE: Qualified Version Definitions:
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e Catalog - Tl's standard tatalog product
o Military - QML certified for Military and Defense Applications

# Space - Radiation tolerant, ceramic packaging and qualified for use in Space-based application
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |4- KO |<—P1—>]
slo o olo e 0@ T
] BR . i
Reel i et e i
Diameter
Cavity —/ +| AD Ii—
AQ | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
K0 | Dimension designed to accommodate the component thickness
¥ W | Overall width of the carrier tape
»i P1 | Pitch between successive cavity centers
L1
I Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
00000 00O0 oj—smocket Holes
1 1
I 1
Qi : Q2 Qi : Q2 ﬁ
4-—4——4 t-—-7-—1-
Q31 Q4 Q31 Q4 User Direction of Feed
1w 4 |
T T
ot
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1 (mm)

SN7404DR SOoIC ~p 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 | 16.0 Qi
SN74LS04DBR SSOP DB 14 2000 330.0 16.4 8.2 6.6 25 | 12.0 | 16.0 a1
SN74LS04DR SOIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 | 16.0 [*)

SN74504DR SQIC D i4 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 al
SN74S04NSR SO NS 14 2000 330.0 16.4 82 | 105 | 25 | 12.0 | 16.0 e}

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS
j';/
/ . .
A\ /> \
\,/ o /
*All dimensions are nominal ;
Device Package Type |Package Drawing| Pins sPQ Length (mm) | Width (mm) | Height (mm)
SN7404DR SOIC D 14 2500 367.0 367.0 38.0
SN74LS04DBR SSOP DB 14 2000 367.0 367.0 38.0
SN74LS04DR Solc D 14 2500 367.0 367.0 38.0
SN74S04DR SOIC D 14 2500 367.0 367.0 38.0
SN74S04NSR SO NS 14 2000 367.0 367.0 38.0

Pack Materials-Page 2



J (R—GDIP—Txx) CERAMIC DUAL IN—LINE PACKAGE
14 LEADS SHOWN

PINS **
- 14 16 18 20
B 0.300 0.300 0.300 0.300
7.62) | (7.62) | (762) | (7.62)
- i BSC BSC BSC BSC
i e O i e O 3 0 B MAX 0.785 | .B40 | 0.960 | 1.060

(19,94) | (21,34) | (24,38) | (26,92)

B MIN — = . —_

MAX 0.300 | 0.300 | 0.310 | 0.300
(7.62) | (7.62) | (7.87) | (7.62)

! 0.245 | 0.245 | 0.220 | 0.245
' 0.065 (1,65 C_MN : ; : !
ot (6,22) | (6.22) | (559) | (6,22)

0.060 (1,52 ;
~b| [4— 0.005 (0,13) MIN 0.015 ((o,sa% ! '

0.200 (5,08) MAX
v Il

+—— o —P|
O

Seating Plane

0.130 (3,30) MIN
_4 L_ 0.026 (0,66 ’
0.014 éo 35% o= o) 0-15°
100 (2 54 0.014 (0,36
0.008 (0,20

4040083 /F 03/03

NOTES:  A. All linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package is hermetically sealed with a ceramic lid using glass frit.

D. Index point is provided on cap for terminal identification only on press ceramic glass frit seal only.
E

Falls within MIL STD 1835 GDIP1-Ti4, GDIP1-T16, GDIP1~T18 and GDIP1-T20.



MECHANICAL DATA

W (R—GDFP—F14)

CERAMIC DUAL FLATPACK

0.045 (1,14
l‘o.ozs 0,66

0.260 56.60;
0.235 (5,97

Base and Seating Plane

—— 0.280 (7,11) MAX ——»

i 14

0.390
0.335

0.008 (0,20 ]r
0.004 {o,wi

0.019 (0,48
I 0.015 (0,38
|

-t

—0.050 (1,27)

g

|

]

—

1 0.005 (0,13) MIN

SErNET R SO A dR)EDE R

P 0.360 (9,14)

0.250 (5,35)

0.360 (9,14)

4 Places
4
?

Y

0.250 (6,35)

4040180-2/F 04/14

NOTES:

All linear dimensions are in inches (millimeters).
This drawing Is subject to change without notice.

This package can be hermetically sedled with a ceromic lid using glass frit.

Index point Is provided on cap for terminal identification only.
Falls within MIL STD 1835 GDFP1-Fi4
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MECHANICAL DATA

FK (S—CQCC—N**)

28 TERMINAL SHOWN

LEADLESS CERAMIC CHIP CARRIER

0.055 (1,40)
0.045 (1,14)

~

26 27 28 1 2y S-f 4

0.020 (0,51
0.010 éo,zsg _" =

0.045 (1,14)

J‘: 0.035 (0.89)

v

¥ )
0.028 (0,71 L__ 0.045 (1,14)
0.022 50.54% e v 0.035 (0,89)

NO. OF A B
TERMINALS
*x MIN | MAX | MIN | MAX
- 0.342 | 0.358 | 0.307 | 0.358
(8,69) | (9,09) | (7.80) |(9,09)
- 0.442 | 0.458 | 0.406 | 0.458
(11,23) [(11,63) | (10,31) |(11,63)
£ 0.640 | 0.660 | 0.485 | 0.560
(16,26) [(16,78) | (12,58) |(14,22)
b 0.740 | 0.761 | 0.485 | 0.560
(18,78) |(19,32) | (12,58) |(14,22)
- 0.938 | 0.962 | 0.850 | 0.858
(23,83)|(24,43)| (21,6) | (21,8)
" 1141 | 1.165 | 1.047 | 1.063
(28,99)((29,59) | (26,6) | (27,0)

0.080 (2,03)
ko § 0.064 (1,63)

4040140/D 01/11

NOTES: A
B.
C.
D

All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

This package can be hermetically sedled with a metal lid.
Falls within JEDEC MS-004
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MECHANICAL DATA

N (R—-PDlP—T**) PLASTIC DUAL=IN—LINE PACKAGE
16 PINS SHOWN
PINS **
. A K
N 14 16 18 20
B ‘ 0775 | 0.775 | 0.920 | 1.060
AW AN e W s W aae W W ad A M| qd'eey | (aed) | (2337) | (26.92)
0745 | 0745 | 0.850 | 0.940
) %ﬁ%%% A MIN - 892 | (18,92) | (21,59) | (23,88)
MS—001
P my g aypm w2 | FioN VARIATION AA 88 AC AD
1

J L_ 0.070 51.78%
0.045 (1,14 A
0.045 21,14? 0.325 %5,26;

| ¥
T 0.200 (5,08) MAX

B Gauge Plane
UAS o l Seating Plane L_____] T -

1 0.125 (3,18) MIN 0.010 (0,25) NOM

—»I 0.430 (10,92) MAX L—-

0.021 (0,53
5015 fm%
[&]0.010 (0.25)®)] /

\ !

‘\ /’ 14/18 Pin Only
- 20 Pin vendor option @,

4040049/E 12/2002

NOTES: A, Al linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.

A\ Falls within JEDEC MS-001, except 18 and 20 pin minimum body length (Dim A).
Lﬁ The 20 pin end lead shoulder width is a vendor option, either half or full width.

%3 7
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MECHANICAL DATA

D (R-—PDSO—G‘I4) PLASTIC SMALL OUTLINE
0.344 (8,75)
0.337 (8,55) i
&
” h g [ A i
7 0.244 (6,20)
| 0.228 (5.80)
i N - = -1 0.157 (4 00)
\ 0.150 (3,80) VN
AN 1
CONOSONCN N S PSSR

/ 1O b "
Pin 1
L—-Lm J LZE?S s

0.010 (0,25) W@

— 7T

0.010 (0,25) \ - b /

— 0.069 (1,75) Max 0.004 (0,10)
0.010_(0,25) ,/ ﬁ\
0.005 (0,13)
1 .fl \\
!I A\ \!
“\ j . ~{73]0.004 (0.10)
I N K 6

Gauge Plane
= ————/ f Seating Plane
~_ = e
0.050 (1,27)
0.016 (0,40)

4040047-5/M  06/11

NOTES:  A. Al linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall

not exceed 0.006 (0,15) each side.
& Body width does not include interlead flash. Interlead flash shall not exceed 0.017 (0,43) each side.

E. Reference JEDEC MS-012 variation AB.
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LAND PATTERN DATA

D (R-PDSO-G14)

PLASTIC SMALL OUTLINE

Exampln{an?}?:rg)myout Sten(cﬂo&p%n)fngs
—=1 =—14x0,55
] e x——% =—12x1,27
%—H-H%H-H{%—f 10.50 -

5,40

GRIEEEER

i
{
-

‘-...-"

5,40

BOREBAE-

Example
Non Soldermask Defined Pod Example
SO e Pad Geometry
L . Iy (See Note C)
/=1 =—0,60
/ 5
‘N \
H 1,595 4 Example
! ‘/F—” Solder Mask Opening
\ : (See Note E)
\,‘ —Jl=—0.07 /
\‘ All Around Z
b /
\ s
N 4
'-x..,____“___,,,/’
4211283-3/E 08/12
NOTES:  A. All linear dimensions are in millimeters.
B. This drawing Is subject to change without notice.
C. Publication IPC—7351 Is recommended for clternate designs.
D. Laoser cutting apertures with trapezoidal walls and also rounding comers will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.
E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

Texas
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MECHANICAL DATA

NS (R-PDSO-G™)
14-PINS SHOWN

PLASTIC SMALL-OUTLINE PACKAGE

0,51

= r

HHHAHHN i

»

560 8,20
500 7,40
O
B TR
A
0,15

[ VT
o LI

0,05

Seating Plane # J_\

0,15 NOM

l
ol

Goge Plane ;L

e |1

— 2,00 MAX

T

AN 3l

(210,10
PINS #*
24
DIM 14 16 20
A MAX 10,50 10,50 12,90 15,30
A MIN 9,90 9,90 12,30 14,70

4040062/C 03/03

A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.

Q'n-nms
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MECHANICAL DATA

MSSQ002E - JANUARY 1995 — REVISED DECEMBER 2001

DB (R-PDSO-G*)
28 PINS SHOWN

PLASTIC SMALL-OUTLINE

o
L]

,2.
0

0,09
?,ﬂ] 8,20
5,00 740
— T \
fililsliilied Rikadtiks
1 14 i
A
¥ i Seating Plane }
- 2,00 MAX 0,05 MIN
PINS **
- 14 16 20 24 28 30 38
A MAX 6,50 6,50 7,50 8,50 10,50 | 10,50 | 12,90
A MIN 5,90 5,90 6,90 7,90 9,90 9,90 | 12,30

4040065 /E 12/01

NOTES: A. Alllinear dimensions are in millimeters.

oow

. This drawing is subject to change without notice.
Body dimensions do not include mold flash or protrusion not to exceed 0,15.
Falls within JEDEC MO-150

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (Tl) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in Tl's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers' products. Buyers are responsible for their products and
applications using Tl components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which Tl components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by T1 for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tt components may be promated specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class lIl (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments, Buyer acknowledges and agrees that any military or aerospace use of Tl components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications

Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps
DsP dsp.ti.com Energy and Lighting www.ti.com/energy

Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical

Logic logic.ti.com Security www.ti.com/security

Power Mgmt power.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.fi.com/video

RFID www.ti-rfid.com

OMAP Applications Processors
Wireless Connectivity

www.ti.com/omap

Ti E2E Community

www.ti.com/wirelessconnectivity

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2015, Texas Instruments Incorporated





