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ABSTRACT

“ Digital Audio Broadcasting Systeni™ i composed of two parts, transmitter and receiver. The
functions of the transmitter are changing analog signal to digital signal, then encoding the digital signal
by Manchester method, finally modulating the modulating signal into carrier signal before on air.
Receiver functions are getting rid of carrier signal, decoding that signal in order to change it to be digital

signal and then converting it to analog signal.
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ORG 0O0OOH
START:

LOOP:

SSS:
GHT:

DEF:
START 2:

END

MOV 20H, P2

MOV C, 00H

JC LOOP

SJMP START

LCALL SSS

MOV P1,#11111111B
SJMP START

MOV 20H, P2

MOV C, 00H

JNC DEF

SJMP ABC

MOV RO, #00001111B
DJNZ RO,ABC

RET

DJNZ RO, START 2
MOV 20H,P2
MOV C, 00H

JC GHT

SJMP START 2
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General Description

The LM1596/1LM1496 are doubled balanced modulator-do-
modulators which produce an output voltage proportional to
the product of an input (signal) voltage and a switching (car-
rier) signal. Typical applications include suppressed carmier
modulation, amplitude modulation, synchrotious detection,
FMorPMdoIscﬁou,_bmadbmdfnqmcydwblnglnd
chopping.

The LM 1596 is specified for operation over the —55°C to
+125°C military tomperature range. The LM1496 is speci-
fied for operalion over the 0°C lo + 70°C tempurature rangs.

&National Semiconductor

LM1596/LM1496 Balanced Modulator-Demodulator

February 1995

Features
m Excellent carrier suppression
65 dB typical at 0.5 MHz
50 dB typical at 10 MHz
W Adjustable gain and signel handling
| Fully balanced Inputs and ouviputs
| Low offset and drift
B Wide frequency response up to 100 MHz

~oumPuT
0 §(¢)

X190
umw c7(l)
*
wuT (1)
+O
) mgw
3)
s x) as
o
500 500
500
v_clﬂu)
TUM/7087-1
I Paretheses show DIP

Schematic and Connection Diagrams

Top View
Note: Pin 10 is conneciad electically 1o the
cas0 through the device subsirate.
Order Number LM1483H or LM1506H
See NS Package Number HOOC

Order Number LM1458M or LM 1496N
Soe NS Package Number M14A or N14A

© 1005 Nesooad Serviconducter Corparsion  TL/H/7087

PRO-BIOM116/Printedin L. 8. A

d0jenpoluag-i0jeinpoly peoueied 96+ LIN1/965LINT



Absolute Maximum Ratings

¥ Mitary/Aerospace specified devices are required, Soldering Information
please contact the National Semiconductor Sales  Dualin-line Package
Office/Distributors
1 for avalisbiity and specifications. Soldering (10 saconds) 260°C
Internal Power Dissipation (Note 1) 500 mW * Small Outine Package
WVM(N.'”Q v Vapor Phase (60 seconds) 215°C
Differontial Input Signai (V7 — Ve) 5.0V infrared (15 seconds) 220°C
Ditferantel Input Signal (V4 — V1) +(5+IsRolV Soo AN-450 “Surface Mouning Methods and their effects
Input Signal (V - V4, V3 — Vi) s.0v on Product Refiability” for other methods of soldering sur-
Bias Current (Is) . 12mA face mount devices.
Operaling Temperalure Range LM1596 —55°Cto +125°C
LM1486 0°Cto +70°C
Storage Tomperature Range -65°Gto +150'C
Electrical Characteristics (1, ~ 25°G, unless othorwise specifiod, sce toat circul)
P ' Condith LM1598 LM 1498 Unit
Min{ Typ | Max | Min | Typ | Max
Caeirier Faedthrough Vg = 60 mVims sine wave 40 40 pVrms
fc = 1.0 kHz, offsot adjustod
Vg = 60 mVnms sine wave 140 140 pVrns
fc = 10 kHz, ofiset adjusted
Vc = 300 mVpy, square wave 004 02 0.04| 0.2 | mVrms
fc = 1.0 kHz, offset adjusted
Vc = 300 mVp, square wave 20 | 100 20 | 150 { mVims
fc = 1.0krlz,no§ofbol.dj.nbd
Catrier Suppression fs = 10 kHz, 300 mVrms 50| 68 50 | 65 dB
fc = 500 kHz, 60 mVrms sine wave offset adjusted
¥ fg = 10 kHz, 300 mVims 50 50 daB
fc = 10 MHz, 60 mVirms sine wave offset adjusted :
Transadmittance Bandwidth Ry = 500 300 MHz
Caavier Input Port, Vi = 60 mVims sine wave
s = 1.0 kHz, 300 mVrms sine wave
Signal Input Port, Vg = 300 mVrms sine wave 80 80 MHz
V7 — Vg = 0.5Vde
Voltage Gein, Signal Channel | Vg = 100 mVrms, f= 1.0kHz
. Vy — Vg = 0.5Vde = AN 25135 | v
Input Resistance, Signal Port | f = 5.0 MHz
V7 — Vg = 0.5 Vde = 2> ka
Input Capacitance, Signal Port | f = 50 MHz
Vy — Vg = 0.5 Vde e al pF
Single Ended Output Resistance | f = 10 MHz 40 40 kn
Single Ended Output f= 10 MHz
50 50 pF
Input Biea Current {5 + 1g)/2 12 | 25 12 | 30 pA
Input Blas Current (lz + lg)/2 12| 25 12 | 30 pA
Input Offset Current U~ ) 07| 50 07 | 50 A
Input Offset Currert 102 — o) 0.7 | 50 501 50 pA
Average Temperature (—55"C < Tp < +125*C) 20 nA/*C
Cosfficiont of Input (0°C < Tap < +70°C) 20 nA/*C
Offset Curront
Output Offset Current Ug ~ lg) 14 | 50 14|60 pA
Averagé Temperature {—55°C < T < +125°C) 20 nA/*C
Cosfficient of Output (0°C <Ta< +70°C) 9 nA/*C
Offset Current




Electrical Characteristics (1 = 25°C, uniess otherwise specified, 366 test circuit) (Continued)

P ¢ Condith LM1598 LM1456 Units
Min | Typ | Max | win | Typ | max

Silnmf’oﬂ Comimon Mode fg = 1.0 kHz 50 50 Voo
&wmﬁczmmm V7 — Vg = 0.5Vdo 85 ss @
COruno‘n’\mMode Quiescent 8.0 80 Vde
Dc'“"l"u'r al Output Swing 80 80 Voo
Positive Supply Current (s + lg) .20 30 20 3.0 mA
Negativa Supply Current (o) 3.0 4.0 30 40 mA
Power Dissipation 3 33 mw

Note 1: LM15%6 rating appiics 10 case temporatres 1o + 125°C; deraie fincarly at €5 mW/C for amblent temperature above 75°C. LM 1498 rating appiles to case

ampeetres o +70°C.

Note 2 Volage sppiied between pins 8-7, 8-1, 9-7, 5-8, 74, 7-1, 34, 6.8, 25,35,

Note 3 Relor 1o rets1596x drawing for apecifications of military LM1506H versions.

Typical Performance Characteristics
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Typical Application and Test Circuit

Suppressed Carrier Modulator
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Typical Applications (continued)

Broadband Frequency Doubler
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Physical Dimensions inches (misimetors)
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LM1596/LM 1496 Balanced Modulator-Demodulator

Physical Dimensions inches (miimeters) (Continued)

LIFE SUPPORT POLICY
NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT

DEVICES OR 8YSTEMS WITHOUT THE EXPHESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used hersin:

1. Life support devices or systams are devicss or 2 A critical component is eny component of a life
systoms which, (a) are intended for surgical implant support device or system whose failure to performn can
into the body, or (b) support or sustain Me, and whose be reesonably expected to caues the falure of the ke
falre to perform, when properly used in accordance support device or system, or to affect ita safely or
with instructions for use provided in the labeling, cen effectivencss.
be ressonably expected to rosult in a significant injury

to the user.
1111 West Gardh Road Fx (+49) 0-100-520 85 08 13h Fleor, Sirsigit Block, Tek §1-043-290-2500
Artingion, TX 78017 Emalt . Ocsen Cents, 5 Certon Pl Fuc 81-043:209-2408
Tot 100) Daitach Tet {+48) 0-180-530 85 &S Tamshetou, Kowloon
Fax 16000) 737-7018 Englsh  Tek (+43) 0-100-532 70 K2 MHong Kong
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General Description

The LM78XX gerics of three terminal regulators is available
with sevoral fived output voltages making them useful in &
wide range of appiications. One of theso is local on card
regulation, efiminating the distribution problems associated
with singla point regulation. The volteges avaiable allow
theso regulators 10 be used in logic systoms, instrumonta-
tion, HiFi, and other solid state electronic equipment. Al
though designed primarily as fored voltage regulators these
devices can be used with exdemal components to obtain
adjustabls voltages and currents.

The LM78XX series Is available in an aluminum TO-3 pack-
age which will allow over 1.0A load current ¥ adequale heat
einking is provided. Current miting is incloded to mit the
peak oulput current to a safe value. Safe area protection for
the oulput transistor is provided to limit intornal power dissi-
pation. If internal power dissipation becomes too high for
the heat sinking provided, the thermal shutdown circuit
takes over preventing the IC from overhesting.
Considerable offort wes expanded to make the LM78XX s6-
ries of regulators easy %0 use and mininize the number

&National Semiconductor

LM78XX Series Voltage Regulators

February 1995

of extomal components. it is not necesseary to bypass the
output, although this does improve ransient response. Input
Mhmedodaiy!ﬂnmmlsloemhrﬁm
the Riter capachor of the power supply.

For output voltage-other then 5V, 12V and 15V the LM117
series provides an output voltage range from 1.2V o 57V.

Features

W Quiput current in exxcess of 1A

8 lnternal therma! overload protection

| No extemal components required

B Output wransistor safe erea protoction

® Intemal short drcuit current Smit

& Available in the aluminum TO-3 package

Voltage Range

LM7805C 5V

LM7812C 7
15V

LM7815C

Schematic and Connection Diagrams
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Absolute Maximum Ratings

# Miltary/Asrcspace specified devices are required, Madmum Junction Temperahure
plsase contact the National Semiconductor Sales (K Package) 150°C
Office/Distributors for aveilabiiity and specifications. (T Package) 150°C
Input Voltage (Vo = 5V, 12V and 15V) asv Storage Temperature Range —65'Cto +150°C
imomal Power Dissipation (Noto 1) Intomally Limitod Lead Temperature (Soldering, 10 sec)
T Ran 0"Cto +70°C T0-3 Package K 300°C
Operating Temporatre Range (T) s T
Blectrical Characteristics LM78XXC (ote 2)0°C < Tj < 125°C unless otherwise noted.
Output Voltage 4 v 15V
input Voltegs (unicss otherwise noted) v mnv 23V Units
Sywbol|  Parameter Conditions Mo | Typ | max| wan | Typ [ Max | win | vyp [ max
Vo  |Output Vorage T =25C,5mA<lp < 1A 48. 5 52|115 12 125|144 15 158] v
Pp< 16W,5mA < lg < 1A 4.75  525(114 12.6 | 14.25 1875 V
Vien < Vin < Visax (7.5<Vn<20) | (14.5 < Vin < 27) | (17.5 < Vg < 30) \'
AVo [Line Reguiation lp = 50O mA]Tj = 25°C 'S 50 4 120 4 150 | mv
AVin (7SVins26) | 145V <30} | (175<Viy<30) | V
0C<Ti< +125°C 50 ) 120 150 | mv
AViN (BSViN<20) | (1S5S ViN<27) | (185 < Vi < 30) \
b<iA [m=25¢C 50 120 150 | mv
AViy (75<Vn<20)[(148<Viy<27)| (12Z.7<Vy<90) | V
0C'<Tj< +125C 25 60 h 7% | mv
AVin BSViNsS12) | (16<Vy<22) (20 < Vi < 26) \'
AVo |LoadRegustion [Tj=25C |smA<lg<15A 10 &0 12 120 12 150 | mV
| 250 mA < lg < 750 mA 25 €0 4] mv
SmALIpS 1A O0C<T]< +125°C 50 120 1650 | mv
o [Quescontument [lo<1A  |Tj=25C ) 8 8 | mA
0°C <Tj< +126°C 85 85 85 | mA
Alg  [QueacentCurent [5mA <l < 1A 05 05 05 | mA
Change T = 26°C, 1o < 1A 10 10 10 | mA
_V‘_m < Vin S Vmax (7.8 < Viy < 20) | (14.8 < Vy< 27) | (179 < Viyy < 30) v
o < 500mA, 0°C < T} < +125°C 10 10 10 | mA
VN < Vin < Vaeax (7<Vp<25) | (145<Vpn<30)| (178<vpy<90) | V
Vn  |Output Noise Voltage|Ta =25°C, 10 Hz < f < 100 kHz 40 75 90 v
AVyy | Ripple Rejection lo<1ATj=25Cor | 82 80 55 72 64 70 . ]
AVt f= 120 Hz{ Ip < 500 mA 62 85 54 ]
0’C<T}< +125°C
Ve < Vin < Viax B<ViN<18) | (15 Viy<285) |(185<Vy<285)| V
Ro [DropoutVoltage  |T] = 25°C, loyr > 1A 20 20 20 v
Output Resistance  {f = 1 kiz ’ B 18 19 mn
Short-Clrouit Current [T} = 25°C 21 15 1.2 A
Peak Output Gurrent |T] = 25°C 24 24 24 A
Average TC of Voyr |0°C < Tj < +125°C, lo = 5mA 06 15 1.8 mv/"C
Vi |input Voltage
Required to Maintain |7} = 25°C, Ip < 1A 75 146 17.7 V'
Lins Reguisiion

mtmmmmmmmxmbmwmmnmummwnmmmumm
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Typical Performance Characteristics

Maximum Average Power Maximum Average Power
Dissipation Dissipation Peak Output Current
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Physical Dimensions inches (misimeters)
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LM78XX Serles Voitage Regulators.

Physical Dimensions inctes (nitimeters) (Continued)
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TO-220 Package (T)

Order Number LM7805CT, LM7812CT or LM7815CT
NS Package Number T03B

LIFE SUPPORT POLICY

NATIONAL'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 NATIONAL
SEMICONDUCTOR CORPORATION. As used heroin:

1. Life support devices or systems are devices or 2 A critical component is any component of a Bfo

systemns which, (a) are intended for surgical implant
Into the body, or (b) support or sustain life, and whoee
faltre to perform, when properly used in accordance

support device or system whoee fallure to perform can
be reasonably expecied to cause the failure of the ke
support device or systom, or o sffect Its safoty or

with instructions for use provided in the labeing, can effectivences.
be reasonably expected to result in a significant injury
to the user.
Hatonal Semicenductor SNellens) Samiconduche Nationel Semiconductor Mabional Semiconduetor
1111 Wost Bardin Road Faoc (+499 0-180-530 85 80 130 Fioor, nu;nm Tt m‘#«m
T 70017 Emeit Criwge @ Wevme.nec.com Ocean Certrs, 5 Canton Ad, Fax 81-043-209-2400
Tek:t Oeutsch Tet (--40) 0-180-530 85 85 Taimshalsul, Kowleon
Paac 1900) 737-7018 English Tet (+49) 6-180-882 70 22 Heng Kong
Frangais Tet {+48) D-190-532 03 58 Tot [962) £737-1600
Hallano Tet (+4%) 0-180-524 16 80 Fex §52) 27360000




General Description

The LM79XX series of 3-tarminal requiators is avaiiable with
Reod ‘oulput voltages of —5V, —8V, —12V, and —15V,
Thees devices nead only one extormal component—a com-
pensation capaciior at the oulput Tho LM79XX series is
peckaged in the TO-220 power package and is capable of
supplying 1.5A of output cument.

These reguletors employ intemal current liniting saje area
protection and themnal shuddown for protection against vir-
twally off overioad conditions.

Low ground pin current of the LM79XX series allows output
voliage 1o bo easily boosted above the preset value with a
registor divider. The low quiescent curret drain of

ﬂNational Semiconductor

LM79XX Series 3-Terminal Negative Regulators

these dovices with a specified maxdmum change with fine
and load ensures good regulalion in the vokage boosted
mode.

For applications requiring other voltages, see LM137 data
sheet.

Features

| Thormal, short circuit and safe area protection
= High ripple rejoction

® 1.5A output curent

B 4% tolerance on presst output voltage

Connection Diagrams
T0-220 Package
T
——
o} -
L] m—————— )
TL/H7M0-14
Front View
Order Number LM7905CT, LM7812CT or LM7915CT
See NS Packege Number TO3B

Typlcal Applications

*Required if regulalor is seperated from filler capacitor by
more than 3°. For value given, capecitor must be solid
tantalum. 25 xF sluminum slecholytic may be substtuted.
tRequired for stabilly. For value given, capacitor must be
sofid tantalum. 25 uF aluminum elecirolylic may be subetl-
wied. Valuos given may be increased without lmit.

For output capacitance in excess of 100 pF, a high current
diode from input to output (1IN4001, etc.) will protect the
reguiator frorn mamentary input shorts.

O1908
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Absolute Maximum Ratings e 1)

i Miitery/Acrospace specifiod devices are required,
plesse contact the National Semiconductor Sales

Office/Distributors for avallabliity and specifications.

eput Voltage
"Wo = —5V) ~25V
Vo = —12V and —-15V) -35v

Input-Output Ditferential
(Vo = —5V) 25v
(Vo = —12Vand —15V) aov
Power Dissipation (Note 2) Internally Limitod
Operating Juncion Tomperaksre Range  0°C to + 125°C
Storage Tomperature Range ~85°C to + 150"C
Lead Tomperatre (Soldering, 10 sec.) 230°C

Electrical Characteristics condions unless otherwise noted: lour = 500 mA, Gy = 22 uF, Cour = 1 F,

0C < T; £ +125°C, Power Digsipation < 1.5W.

. Part Number LM7805C
Output Voltage -5V
Input Voltage (unless otherwise specified) —10V
Vo Oulput Voltege T, = 25C —48 -50 -52 v
5mA < loyt < 1A, —4.75 —525 v
P < 15W (~20<Vin< -0 \4
AYp Line Reguiation Ty = 25°C, (Note 3) 8 50 mv
(-25<Vn< ~7) \
2 15 mv
¥ {(—-12<Vy < —8) v
AVp Load Regulation Ty = 25°C, (Note 3)
SmA < loyr < 1.5A 15 100 mv
250 mA < oyt < 750 mA 5 50 mV
a Quisscent Current T4 = 25C 1 2 mA
AFIQ Quicscont Curent With Line. 05 mA
' Change (-25<Vn< =7) v
With Load, 5mA < loyT < 1A 05 mA
Va Oulput Nolse Voltage Ta=25C,10Hz < < 100Hz 125 ’ 1Y
‘ Ripple Rejection f=120Hz 54 6 dB
(~18 <V < —B) \
Dropout Voltage Ty = 285G, loyr = 1A 1.1 v
Toaax Peak Output Cusrent Ty = 25C 22 A
Average Temperakre lout = SmA, 04 mv/C
Coeflicient of 0C<T;<100°C
Output Voltage
Typical Applications (contnued)
Veriable Output
1R 2
22 4F i l."up'
SOLID =y SOt
TARVALUN < x I‘tu'mu
(] <
l.\ﬂ' L Lk xer M-J s
TUHITS®0-2
mpr pones and ripple rejection. Do not increane beyond 50 pF.
lm-vm(m;m)
Soloct 712 a8 Todows:




Electrical Characteristics (Contiwed) Gonditions unless otherwise noted: lour = 500 mA, Cpy = 2.2 pF,
Coutr = 1 4F, 0°C < T, < +125°C, Power Dissipation = 1.5W.

~ PartNumber LM7912C LM7915C
Outpot Voitapge —12v —15¥
input Voitage (uniess otherwise specified) —~19V -3V
Vo Output Voltage T)=26C ' ~415 -120 —125{ —144 —-150 -158| V
SmA<IigyT<1A ~114 -126| ~14.25 -1575| v
_ P < 15W (~27 <V < —145) | (~30 <V < —17.5) v
AVg Line Reguistion Ty = 25°C, (Note 3) 5 80 5 100 mV
(—30 < Vpy < —14.5) (—30 < Vy< —17.5) v
3 30 3 80 mv
(-2 <V < —16) (—26 < Viy<—20) v
AVo | Lbed Regulation T; = 25°C, (Note 3)
5mA < loyt < 1.5A 15 200 15 200 mv
250 mA < loyt < 750 mA 5 75 5 75 mvV
la Quisscent Current Ty =25C 15 3 1.5 3 mA
Alg Quiescont Cusrent With Line 05 05 mA
Change (-0 < Vi< —145) | (30 sViy < ~17.5) v
With Load, 5§ mA < lgyt < TA 0.5 0.5
Vo Output Noise Voltage | Ta = 25°C, 10 Hz < 1< 100 Hz 300 375 Bv
Ripple Rejection f=120Hz 54 70 54 70 dB
(~25 < Viy < —15) (—30 < Vjy< —17.5) v
Dropout Volage Ty = 25C, lour = 1A 14 11 v
lomax | Peak Output Gisrent | Ty = 25°C 22 22 A
Average Temperatre | loyr = S5mA, —08 -1.0 mv/C
Goefficlent of 0C < T; < 100°C
Output Voltage J
Note % Absoiute Madnum Ralings indicate lnits beyond which damage 1 the device may otcis. Opersting Ratings indicate condiions fur which ihe device ks

intenxied 1o be Amclionsl, but do not guer

fimiés, For guar

Note 2: Refer 1o Typical Performance Cheracisristics and Design Considerations for dalaiia.

d specificalions and test coindiions, 3ee the Electrical Oharacteristics.

Note X Regy s mesgiredats s by pulse testing with a low duly cydle. Changes In output voltage tus 10 healing offects must be
taken info account.
Typical Applications (continues)
Dual Trimsned Supply
+INPUT LU340-5 Im*'. 90 +5.0V
[T
240 ot
0.22 uf MWy :: 'k 184001
<b
::35
o l o ~O COM
. < 33 1 uF
2.2F 1 = k D2
¥ iy S 1H4001
Yy V{
R0
—-INPUT m L7805 T L 0 -5.0v
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805
8-Bit u.P Compatible A/D Converters

General Description

The ADCO0801, ADGC0802, ADCOB03, ADC0804 and
ADCO0805 are CMOS 8-bit successive approximation A/D
converters that use a differential potentiometric ladder—
similar to the 256R products. These converters are de-
signed to allow operation with the NSC800 and INSB080A
derivative control bus with TRI-STATE® output latches di-
rectly driving the data bus. These A/Ds appear like memory
locations or [/0 ports to the microprocessor and no inter-
facing logic is needed.

Differential analog voltage inputs allow increasing the com-
mon-mode rejection and offsetting the analog zero input
volitage value. In addition, the voltage reference input can
be adjusted to allow encoding any smaller analog voltage

¥

m Differential analog voltage inputs

= Logic inputs and outputs meet both MOS and TTL volt-
age level specifications

u Works with 2.5V (LM336) voltage reference

B On-chip clock generator

B 0V to 5V analog input voltage range with single 5V
supply

=’ No zero adjust required

® 0.3" standard width 20-pin DIP package

W 20-pin molded chip camrier or small outline package

B Operates ratfometrically or with 5 Vpg, 2.5 Vpg, or ana-
log span adjusted voltage reference

an to the full 8 bits of resolution. . . ps .
> Key Specifications
Features R’ Resolution 8 bits
® Compatible with 8080 pP derivatives—no interfacing @ Total emor +%LSB, 2%, LSB and +11SB
logic needed - access time - 135 ns = Conversion time 100 ps
® Easy interface to all microprocessors, or operales
'stand alone”
Typical Applications
W
I
—p 71 Yeo 2 I
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g T cawm L 11 o
< LN P < | ovinanvsesmin
P e Y T R
‘ai . :: o), 7>ﬂ" mm- J
< £ lon o | b
<+ LY e s SANAB
(L2 o Vatel O Ste McTION = =
v <+ LA P vew |22
W 77 TLM/EB71-1
8080 Interface Error Specification (Includes Full-Scale,
Zero Error, and Non-Linearity)
. ;
Part SF:::; VREr/2=2.500 Vp¢ | VRer/2=No Connection
R ——eep Number {No Adjustments) (No Adjustments)
— Adjusted
Z'i: W ———0 . ADCOBO1 | +14LSB
e oe— ADG0802 % 1LSB
CZ ADC0803 | +14LSB
DATA
ADC0B804 +1LSB
ADCO08B05 +1LSB
TL/H/5671-31
TRI-STATE® la a reg of Nations! Corp.

2-80" is a registarsd Yademark of Zllog Corp.

©1955 National Semiconductor Corporstion  TL/H/5671
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Absolute Maximum Ratings (otes142)
M Nilitary/Aerospace specified devices are required,

Storage Temperature Range —65*Cto +150°C

please contact the National Semiconductor Sales Package Dissipation at To=25°C 875 mW

Office/Distributors for availability and specifications. ESD Susceptibility (Note 10) 800V

Supply Voltage (Vcg) (Note 3) 6.5V

Voltage i Not
e VN Co R et L W

\ er Input -0.3Vto +0.

Lond Tm.’;go,dam 10 seconds) Vec+0.3) ADC0801/02LJ, ADC0B02LJ/883 ~55°CSTa< +125°C
Duakin-Line Package (plastic) 260°C ADC0801/02/03/04L.CJ —40°C<Tp< +85°C
DuakIn-Line Package (céramic) 300°C ADC0801/02/03/05LCN ~40°C<TA< +85°C
Surface Mount Packs ADCOB04LCN 0°CXTA< +70°C

Vaoe P:pnt eab g8 25°C ADC0B02/03/04LCV 0°C<Ta< +70°C
hepor ¥ :;e( o::W"ds) S ADCD802/03/04LCWM 0°C<TA< +70C
rared (15 seconds) Range of Ve 4.5Vpct06.3Vpe

Electrical Characteristics

The following specifications apply for Voc=5 Vpc, TMinS TA<Timax and fo k=640 kHz unless otherwise specified.

Parameter Conditions Min Typ Max Units
ADC0801: Total Adjusted Error (Note 8) With Full-Scale Adj. 1, LSB
(See Section 2.5.2) 4
ADC08§2: Totat Unadjusted Error (Note 8) VRep/2=2.500 Vpg 1) LSB
ADCO0B03: Total Adjusted Error (Note 8) With Full-Scale Adj. £ LsB
(See Section 2.5.2) 2
ADC0804: Total Unadjusted Emor (Note 8) VRep/2=2.500 Vpe +1 LSB
ADC0805: Total Unadjusted Ermor (Note 8) VRep/2-No Connection +1 LSB
VRer/2 Input Resistance (Pin 9) ADC0801/02/03/05 2.5 8.0 kf}
5 ADC0804 (Note 9) 0.75 1.1 kN
Analog Input Voltage Range (Note 4) V(+) or V(~) Gnd-0.05 Veg +0.05 Voe
DC Common-Mode Error Over Analog Input Voltage +Ye E A LSB
Range
Power Supply Sensttivity Voc=5 Vpg *10% Over Ve +v LSB
Aliowed V)n(-+) and Vin(—)
Voltage Range (Note 4)
AC Electrical Characteristics
The following specifications apply for Vog="5 Vpg and T4 =25"C unless otherwise specified.
Symbo! Parameter Conditions Min Typ Max Units
Tc Conversion Time foLk = 640 kHz (Note 6) 103 114 ps
T Conversion Time (Note 5, 6) 66 73 1/fcuk
fok Clock Fr Veo=5V, (Note 5) 100 640 1460 kHz
Clock Duty Cycle (Note 5) 40 60 %
CR# Conversion Rate in Free-Running INTR tied to WR with 8770 9708 conv/s
Mode CS5=0Vpg, foLi =640 kHz
twWEIL Width of WR Input (Start Pulse Width) CS=0 Vpg (Note 7) 100 ns
tace Access Time (Delay from Falling C =100 pF 135 200 ns
. Edge of AD to Output Data Valid)
. lon TRI-STATE Control (Delay CpL=10pF, Ry =10k 125 200 ns
from Rising Edge of RD to (See TRI-STATE Test
Hi-Z State) Circuits)
twe fmr Delay from Faliing Edge 300 450 ns
of WH or RD to Reset of INTR
Cmy Input Capacitance of Logic 5 7.5 pF
Control Inputs
Cout TRI-STATE Output 5 75 pF
Capacitance (Data Buffers) .
CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately)
Vin (1) Logical “1” Input Voltage Vee=5.25 Vpe 2.0 15 Vg
(Except Pin 4 CLK IN)




AC Electrical Characteristics (continueq)
The following specifications apply for Voo = 5Vpc and Ty < Ta € Tuax. uniess otherwise specified.

Symbol I Parameter [ Conditions I Min I Typ I Max I Units

CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmiitt trigger circuit and is therefore specified separately]

Vin (0) Logical “0” Input Voltage Voc=4.75Vpg 0.8 Voc
(Except Pin 4 CLK IN) N

hn (1) Logical “1" Input Current Vin=5Vpc 0.005 1 rApc
(Al Inputs)

Iin (0) Logical “0" Input Cumrent Vin=0Vpc -1 —0.005 nApc
(All Inputs)

CLOCK IN AND CLOCKR

vi+ CLK IN {Pin 4) Positive Going 27 31 35 Voo
Threshold Voltage

Vy— CLK IN (Pin 4) Negative' 1.5 1.8 21 Vpe
Going Threshold Voltage

VH CLK IN (Pin 4) Hysteresis 0.6 1.3 20 Voc
Vr+)—(Vr—)

Vout (0) Logical 0" CLK R Output lo=360 pA 0.4 Vpe
Voltage Veec=4.75 Vpe

VouT (1) Logical 1" CLK R Output lo=—360 pA 24 Voc
Voltage Vcc=4.75 Vpe

DATA OUTPUTS AND INTR

Vourt (0) Logical “0" Output Voltage
Data Outputs loyr=1.6 MA, Voc=4.75 Vpg 0.4 Voo
INTR Output lour=1.0 mA, Voc=4.75 Vp¢ 0.4 Vpc

Vourt (1) Logical 1" Output Voltage lo=—360 pA, Voc=4.75 Vpg 24 Vpc

Vout (1) Logical “1” Output Voltage lo== —10 uA, Vcc=4.75 Vpc 45 Vpc

lout TRI-STATE Disabled Output Vout=0 Vpc -3 pApG
Leakage (All Data Buffers) Voutr=5Vpc 3 nApc

fsource Vout Shortto Gnd, Tp=25°C 45 6 mApc

lsINK Vout Short to Vg, Ta=25C 9.0 16 mApc

POWER SUPPLY

lcc Supply Current (Includes foLk =640 kHz,
Ledder Current) VRer/2=NC, To=25C

and CS=5V

ADC0801/02/03/04LCJ/05 1.1 1.8 mA
ADCO804LCN/LCV/LCWM 1.9 2.5 mA

Nots 1;: Ab Ratings MWMWhﬂanW.DCNACdxmmmdonManmmw

the device bayond its specified operating conditions.

Note 2: Al voltages are d with resp h&d.uﬂusonﬂMTﬁemAwmmmb‘ﬁaﬂhmuDGnd.

Note 3: A zoner diode exists, hh;nlly, from Vcc 1o Gnd and has a typkeal breakdown voltage of 7 Vpe.
NmkForVN(-)zVN(+)mndlgﬁalva|llcodawllMoomoooaTmm}pﬁodunuedmgmmﬂogmn(mblodldnorm)mbhwillwwavd
cMclMWoginMvon:guomdodectopbelowgrwndoronedodsdmpgrutnmmhvocupply.BccmM.Mgm‘gollochchvds(4.SV),
as high level analog Inputs (5V) can cause this input diode to h ially at el d , and cause errors for anelog inputs near full-scale. The
:pscdlamSOmewvdbhsdemudode.ThbmmMnhnanm:ndongdoesmlmhwpplyvommbym'mwmv.mmm
mwhmlToMmmovwmsvmbpmvdwwﬂImforanqw-amii'mmwpplymg-ou.nsovwmhmp'an
variat¥ons, inilial tolerance and loading. .

Note 5: Accuracy is guarantead at fc; i = 640 kHz. At higher clock 3 y can degrade. For lower clock frequencies, the duty cycle kmits can be
oxhndodsolongummwmuochhlmmMo&nﬂﬂmmdockmmmwdbnommzﬁm
thmmmmupbndockpubdsmqbcmqmdba'mmhhmdockp'\nssnpmporhsmmoeomersbnpmgess.m
start request is intemally latched, see Figure 2 and saction 2.0,

Note 7: The TS input is assumed to bracket the WH strobe input and timing Is dep on the WR puise width. An arbitrarily wide pulse width will hold
ﬁncovmrtmlnlranlmodommeslmoicomersionishﬁdsdbythaIowlomtunﬁonolmWlen(mﬁnhgdmm).
Noh.:NmeolhmAlDamquhs.zuunms!(seesectbnz.s.n.Toobtahxemoodanlmmwwmvu'agususecimz,swﬁgms.

Note 8: Tho VRer/2 pin Is the center point of a two- divider from Vg to ground. In all versions of the ADC0B01, ADC0802, ADC0803, and
ADCO805, and in the ADCOB04LCJ, each resistor is typk iy 16 k2. In all mmmmmmmmmm.uchmkwmypuuyzz k.

Note 10: Human body model, 100 pF discharged through & 1.5 kAl resistor.




Typical Performance Characteristics
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TRI-STATE Test Circuits'and Waveforms
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Timing Diagrams (All timing is measured from the 50% voltage points)
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Converters

General Description

The DACO0800 series are monolithic 8-bit high-speed cur-
rem-output digital-to-analog converters (DAC) featuring typi-
cal setting imes of 100 ns. When used as a multiplying
DAC, monotonic performance over a 40 to 1 reference cur-
rent range is possible. The DACOB0O series also features
high compliance complementary current outputs to aliow
differential output voltages of 20 Vp-p with simple resistor
loads as shown in Figure 1. The reference-to-full-scale cur-
rent matching of better than + 1 LSB eliminates the need for
full-scale trims in most applications while the nonlinearities
of better than +0.1% over temperature minimizes system
eror accumulations.

The noise immune inputs of the DAC0800 series will accept
TTL levels with the logic threshold pin, Vi, grounded.

ﬂthiona-l Semiconductor

DAC0800/DAC0801/DAC0802 8-Bit Digital-to-Analog

January 1995

The DAC0800, DAC0802, DAC0800C, DACO0801C and
DACO0802C are a direct replacement for the DAC-08, DAC-
08A, DAC-08C, DAC-08E and DAC-08H, respectively.

Features

m Fast settiing output curent 100 ns
= Full scale eror +1LSB
B Nonfineasity over temperature +0.1%
m Full scale current drift +10 ppm/*C
m High output compliance -~10V to +18V

m Complementary cuirent outputs
=B interface directly with TTL, CMOS, PMOS and others
B 2 quadrant wide range multiplying capability

Changing the V| ¢ potential will allow direct interface to oth- W Wide power supply range +4.5V to £18V
er logic families. The performance and characteristics of the  m Low power consumption 33 mW at 5V
device are essentially unchanged over the full£4.5V 10 g | ow cost
118V power supply range; power dissipation is only 33 mW
with 5V supplies and is independent of the logic input
states.
Typical Applications
"w
“ISITAL INPUTS
s 4 ]
B RN N “‘:’ :»m
] tout <
- B “st1lnn||u, "e)
SALSIN Voogr TO M Vpp
-}
]
L k] % 1 t 2 O,
S wF I J i:ll,;__!__ Bt
"-.-..-E| Ce b:_
LR TS v -
TU/H/5606-1 -
FIGURE 1. 120 Vp.p Output Digital-to-Analog Converter (Note 4)
Ordering Information
No rity Ton';;;eraturo . Order Numbers
nge J Package (J16A)* N Package (N16A)" SO Package (M16A)
+0.1% FS 0°C < To< +70°C | DAC0B02LCJ | DAC-08HQ | DACOB02LCN | DAC-08HP DAC0802LCM
+0.19% FS | —565'C < Tp < +125°C| DAC0800LJ | DAC-08Q
+0.19% FS 0°C < TAo < +70°C | DACOBOOLCJ | DAC-08EQ | DACOB0OLCN | DAC-0BEP DAC0800LCM
+0.39% FS 0°C <TpA< +70°C DAC0801LCN | DAC-08CP DAC0801LCM

*Dovices may b ordered by using either order number.

©1595 Netlenyl Semiconductor Corporalion  TL/H/5888

RRD-BIOM115/Printed in U, 8. A,

siajeAu09 bojeuy-03-e)ibIa UG-8 20800VA/ 10800V A/00800VA



Absolute Maximum Ratings (vote 1)

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

Supply Voltage (V+ ~ V) + 18V or 36V
Power Dissipation (Note 2} 500 mW
Reference Input Differential Voltage

(V14 to V15) V-tov+
Reference input Common-Mode Range

V14, V15) V-tov+t
Reference Input Current S5mA
Logic Inputs V= to V~ plus 36V
Analog Current Outputs (Vg— = —15V) 4.25mA
ESD Susceptibility (Note 3) TBOV
Storage Temperature -65°Cto +150°C

Lead Temp. (Soldering, 10 seconds)

DualIn-Line Package (plastic)
Dual-In-Line Package (ceramic)
Surface Mount Package
Vapor Phase (60 seconds)
Infrared (15 seconds)
Operating Conditions (Note 1)
Min Max Units
Temperature (Ta)
DACO0800L -55 +125 *C
DAC0800LC ] +70 c’
DACO0801LC 0 +70 *C
DACO0802LC 0 +70 *C

260°C
300°C

215°C
220°C

Electrical Characteristics The toliowing specifications apply for Vs = 15V, lner = 2mAand Ty < Ta <

Taax unless otherwise specified. Output characteristics refer to both loyt and lout-

DACO0800L/
Symbol Parameter Conditions DACORD2uG DACO800LC DACOSOILC | e
Min | Typ [Max{Min| Typ | Max |Min| Typ | Max
Resolution ] (] 8 8 8 [:] ] 8 [] Bits
Monotonicy 8 8 8 8 8 8 8 8 8 Bits
Nonlinearity +0.1 +0.19 £0.39] %FS
ty Settling Time To +Y; LSB, Al Bits Switched 100 | 135 100 | 150 ns
“ON" or “"OFF", Tp=25"C
DACO800L 100 | 135 ns
" DAC0800LC 100 § 150 ns
tPLH, |Propagation Delay Ta=25°C
PHL Each Bit 35 | 60 a5 60 as 60 ns
All Bits Switched 35 60 35 60 35 60 ns
TClgg  [Full Scale Tempco +10 | £50 +10 | +50 +10 | +80 [ppm/*C
Voc Output Voltage Compliance] Full Scale Current Change -10 18 |{-10 18 [—10 18 v
<% LSB, Rgyr> 20 M0l Typ
Irga Full Scale Current Vaer = 10.000V, R14 = 5.000 k0{1.984] 1.992 |2.000/1.94| 1.99 | 2.04 [1.94] 199 | 2.04 mA
R15=5.000k}, To=25'C .
Irss Full Scale Symmetry l;g & 'ESZ +£0.5] 4.0 +1 | £8.0 +2 | 16 pA
Izs « _|Zero Scale Current 01 | 1.0 02 ] 20 0.2 | 40 pA
lesR Output Current Range V== —5V 0 20 ]21] 03 20 | 21 0] 20 | 21 mA
V—= —8Vto - 18V 0 20 |42 ] 0 2.0 4.2 0 2.0 4.2 mA
Logic input Levels
Vi Logic “0" Vig=ov 0.8 0.8 0.8 v
Vi Logic “1” 2.0 2.0 2.0 v
' |Logic Input Current Vic=0V
W Logic “0” —10V<Vins +0.8V -20]-10 -20| —10 —20{ -10| pA
ht Logic 1" 2V<Vin< +18V 0.002| 10 0.002| 10 0.002| 10 pA
Vis Logic Input Swing V- =15V -10 18 [—10 18 |-10 18| v
Vg |Logic Threshokd Range Vg= + 15V —-10 13.5|-10 13.5 | —-10 135 v
73 Reference Bias Current -1.0]~-3.0 ~-1.0] —-3.0 —1.0] 30| pA
di/dt Reference input Slew Rate |(Figure 12) 401 8.0 40| 8.0 40| 8.0 mA/us
PSSk |Power Supply Sensitivity  14.5V<V+ <18V 0.0001] 0.01 0.0001{ 0.01 0.0001] 0.01 | %/%
PSSks - —~45V<V- <18V 0.0001{ 0.01 0.0001| 0.01 0.0001] 0.01 | %/%
REp= tmA
Power Supply Current Vg=£5V, lpgr=1mA
I+ 23 | 38 23 38 23 3.8 mA
I- —~4.3 | -5.8 —-43) —-5.8 —43 ]| -58| mA
Vg=5V, —15V, lggp=2mA
I+ 24 | 38 24 | 38 24 | 38 mA
- —~64|-78 -64|-78 —641 78| mA
Vg= £ 15V, lggr =2 mA
1+ 25 | 38 25 38 25 38 mA
- —-6.5{—7.8 -65| 7.8 —65] -78] mA




Electrical Characteristics (continued)
The following specifications apply for Vs = 15V, Iggr = 2 mA and Tmiy < Ta < Tax unless otherwise specified. Output
characteristics refer to both loyt and ToyT.

DAC0800L/
Symbol |  Parameter Conditions DAC0802LC DAC0800LC DAC0801LC Units.
Min | Typ { Max | Min | Typ | Max | Min | Typ | Max
Pp Power Dissipation +5V, [gep=1mA 33 48 33 48 33 48 mw
5V,~ 15V, Iggp=2mA 108 136 108 136 108 136 mw
115V, lpgp=2mA - 135 174 135 174 135 174 mw
Nete 1: A Ratings ind fimits beyond which damag: mmdmmmm.mmmmmdﬁnmdomumﬁmwuﬂng
the device beyond its apoﬂod operating conditions.
- Nete 2 The mai i 1 of the DAC0800, DAC0801 and DAC0802 is 125"C. For op g wt o d devices in the Dual-In-Line

Jplckmmmbtmudbadonaﬁmmdudsmonwclw hncﬁomb-anﬂentﬁﬂMfmmmWNmmﬂiWClWhm
Smadl Outiine M package.

Note X Human body modei, 100 pF di ged through a 1.5 k1
Nol.t:?h»ommmbumbrhWXNMNWMWTMSMMMPWQQWMGMMMDMMMQ&

Connection Diagrams

Dual-in-Line Package Small Outtine Package
c.m;t:—'- . U 18 comrensatren V’] 1 ~ 16 [—B, LSB
Toui -4 % Vaeri-) Veer(¥) 2 158,
v . Vaere Yier(-) 13 141=8
our =t o . COMPENSATION—{ 4 13f~8;
5 2 THRESHOLD CONTROL, V,c —4 5 12[~8,
s II—. p==03 L30 Wr"‘ s " -B;
82 o= LLE%} Y =7 10~8,
n- a bur—{8 sf-», uss
IO—.- '—l!
TU/H/5688-14
Top View
TL/H/S5886-13
Top View
See Ordering Information
Block Diagram (note 4)
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Typical Performance Charact_e'i'istics
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Typical Performance Chdracteristics (continued)
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FIGURE 2
Typical Applications (continued)
DICITAL tHPUTS
Nunuwwn e 'Fs=tn¥$x2%
lo + Tg = Ipg for oft
O=AA—O— logic states
i For fixed reference, TTL oparation,
typical values are:
i v Vagr = 10.000V
Rpgr = 5.000k
! R15 = Rper
Cg = 0.01 pF
= S - Vic = OV (Ground)
TL/H/5688-5
FIGURE 3. Basic Positive Reference Operation (Note 4)
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FIGURE 4. Recommended Full Scale Adjustment Circult
{Note 4)
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FIGURE 5. Basic Negative Reference Operation (Note 4)
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Typical Applications (continued)

NBITAL WPuTS
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tggp = 2 mA Oy

10 TL/H/6608-17
Bt B2 B3 B4 B5 B6 B7 B8|lomA|lgmA| Eg Eg
Full Scale 1 1 1+ 1 1 1 1 11992 0.000]-—-86.960} 0.000
FullScale~tSB |1 1 1 1 1+ 1 1 0]1.984]0008|—9920| —0.040
HalfScale+LSB |1 0 0 0 O 0 O 1{1.008|0.984|—5.040|—4.920
Half Scale 1 0 0 0 0 0 O O] 1.000]0.992|-—5000|—4.960
HalfScale—lLSB |0 1 1 1 1 1 1 10992 1.000] —4.960] —5.000
ZeroScale+LSB| 0 0 0 0 0 O O 1 ]0.008|1.984{—0.040|-9.920
Zero Scale 0 0 0 0 0 O O O)0.000]1.992)] 0.000 ; —9.960
FIGURE 6. Basic Unipolar Negative Operation (Note 4)
TUH5606-6
B1 B2 B3 B4 B5 B6 B? B8] Ep Eq
Pos. Full Scale 1T 11 1 1 1 1 1] -9.920|+10.000
Pos. FullScale—1lSB(1 1 1 1 1 1 1 0] —9840| +9.920
Zero Scale+LSB 1 0 0 0 0 0 O t| -—0.080]| +40.160
Zero Scale 1t 0 0 0 0O O O O 0.000 | +0.080
Zero Scale—1.SB 0O 1 1 1 1 1 1 1] +0080]| 0.000
. Neg. FullScale+LSB{|0 0 0 0 0 0 O 1| +9.920| —9.840
i Neg. Full Scale 0 0 0 0 0 0 O O]+10.000] ~9.920

FIGURE 7. Basic Bipolar Output Operation (Note 4)
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Vg = WY O—AAA— *
. achn =B
L
)

Oty = e (3304 55)

_rlwv- where X is the input code and
= R = Ay = Apgr
LS
= TL/H/5686-18
Ry = R{ within £0.05%, output is symmetrical about ground
B1 B2 B3 B4 B5 B6 B7 B8| Eg
Pos. Full Scale 1 1 1 t 1 1 1 1]+9960
' Pos.FullScale~LSB|{ 1 t 1 1 1 1 1 0|+9880
(+)Zero Scale 1 0 0 0 0 0 0O O] +0.040
(—)Zero Scale o 1 1 1 1 1 1 1]-0.040
Neg.FullScale+1LSB( 0 0 0 0 0 0 0 1|-9880
Neg. Full Scale 0O 0 0 0 0 0O O O]}-990

FIGURE 8. Symmetrical Offset Binary Operation (Note 4)




Typical Applications (Continued)
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FIGURE 9. Positive Low Impedance Output Operation (Note 4)
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FIGURE 10. Negative Low impedance Output Operation (Note 4)

Viy = Vic + 1.4V
15V CMOS, HTL, HNIL

Vi = 7.8V
I
men . | nvre sy 9 l
Yy l l
| |
BATR I 'ul
Vner
Vie l nuu “" I
= B AR, ? lr
OPNONAL RESISTOR
._.Tv;—-{-—-—--—«’-—-—;la'-——-— "”$ FOR §FFOET tuPUTS
LYty | Venetv | Vi a-120¥ p
sacnm | - | DACIISY
| |
e I ' ] 2 4
e | | A =
| 1 mor n
| |
l | TUMH/EE88-10

Typical vajues: Ry =5k, +Viy= 10V

Note. Do not excesd negelive logic input range of DAC.
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Typical Applications (contaicq)

(a) lger 2 peak negative swing of )y
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FIGURE 13. Accommodating Bipolar References (Note 4)
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FIGURE 14. Settling Time Measurement (Note 4)




Typical Applications (continied)
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Physical Dimensions inches (miimeters) (Continued)
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LIFE SUPPORT POLICY NS Package Number N16A

NATIONAL'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 NATIONAL
SEMICONDUCTOR CORPORATION. As used herein;

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

systems which, (a) are intended for surgical implant
Into the body, or (b) support or sustain life, and whose
fallure to perform, when property used In accordance

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

fakano Tek (+45) 0-180-534 16 80

Fax (852) 2736-9960

with instructions for use provided in the labeling, can effectiveness.

be reasonably expected to result in a significant injury

to the user.

& National Semicenductor Netiona! Ssmiconducior National Semiconductor Nallonal Semisonduster
Corperation Hong Keng Lid. Jepan Ltd.
1111 West Bardin Road Fax: (+49) 0-180-530 85 88 13th Fioor, Straight Block, Tol 81-043-299-2309
Addington, TX 76017 Emsil: cnjwge @tevm2.nec.com Ocean Cenve, 5 Canton Rd. Faoc §1-043-209-2408
Tek 1{800) 272-9359 Deutsch Tek (+49) 0-180-530 §5 85 Tsimshatsul, Kowloon
Fax 1(800) 737-7018 Engish Teb (+49) 0-180-532 78 32 Hong Kong
Frangais Tek (4+48) 0-180-532 83 S8 Tet (852) 2737-1600
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DM54LS373/DM74LS373,
DM54LS374/DM74L.S374

General Description

These 8-bit registers feature totem-pole TRI-STATE outputs
designed specifically for driving highly-capacitive or relative-
ly low-impedance loads. The high-impedance state and in-
creased high-logic level drive provide these registers with
the capabillity of being connected directly to and driving the
bus knes in a bus-organized system without need for inter-
face or pull-up components. They are particularly attractive
for implementing buffer registers, 10 ports, bidirectional
bus drivers, and working registers. (Continued)

&Na_tional Semiconductor

TRI-STATE® Octal D-Type Transparent
Latches and Edge-Triggered Flip-Flops

May 1992

Features

m Choice of 8 latches or 8 D-type flip-flops in a single
package

m TRI-STATE bus-driving outputs

B Full parallel-access for loading

u Butfered control inputs

B P-N-P inputs reduce D-C loading on data lines

Connection Diagrams
Dual-in-Line Packages
"LS373
ENABLE
Ve 00 m 710 60 60 50 50 ()
lzo lu Iu ||1 Iu li! Ju ||3 lu 11
I] [I [' Order Number
D3 g 9 eds © DM54LS373J,
OF rq oF OF F: OF DMS4L.S373W,
2S - S 1 DM74LS373N or
DM74L.S373WM
. 5 See NS Package Number
W dz. ° @ 2 g " ) J20A, M20B, N20A or
.3 OF OF OF W20A
| T I J
L AL =
[ [ 2 ]a |4 s | ) lv l s Is |1o
ouTPYT 10 ' 20 20 30 3D 40 «@ GNO
CONTROL  *
TL/F/6431-1
'LS374
Vee 00 an ™ 70 60 ] 6D 50 CLOCK
l:o ln Ivl l17 Iu lvs Iu Iﬂ Ilz "
[-J Ij E] Order Number
Q__ o) D__Q o_po D__Q DMS54LS374J,
&x b g z ——cb ?e‘ DMS4L.S374W,
T T 5 T DM74LS374WM or
e DM74LS374N
See NS Package Number
O] 5o N Y J20A, M20B, N20A or
& [+3 [<13 &
[ S 9 vau 1 r &4 -F>g W20A
L ] | 1
T L N N = L=
l 1 [z (s [4 l s l ° l'r 'l e lw
OUTPUT 10Q m 20 20 0 E 4D 40 GND
CONTROL
TUF/491-2
TRI-STATE® s & ragie of Natona! Corp.
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General Description (continved)

The eight latches of the DM54/741L.5373 are transparent D-
type laiches meaning that while the enable (G) is high the Q@
outputs will follow the data (D) inputs. When the enable is
taken low the output will be latched at the level of the data
that was set up.

The eight fip-flops of the DM54/741.S374 are edge-trig-
géred D-type flip flops. On the pasitive transition of the
clgck, the Q outputs will be set to the logic states that were
set up at the D inputs,

A buffered output control input can be used to place the
eight outputs in either a normal logic stats (high or low logic
levels) or a high-impedance state. in the high-impedance
state the outputs neither load nor drive the bus lines signifi-
cantly.

The output control does not affect the intemal operation of
the latches or flip-flops. That is, the old data can be retained
or new data can be entered even while the outputs are off.

Function Tables
DM54/74L.8373 DM54/74LS374
Output Enable Output
Control G D Output Control Clock b Output
L H H H L 1 H H
L H L L L T L L
L L X Qo L L X Q
H X X Z H X X z
H = High Lovel (Steady State), L = Low Leval (Steady Stats), X = Don’t Care
1 = Tranaition from low-to-high level, Z = High Impedance Stale
\ Qg = The tevel of the ouput before steady-state input conditions wers established.
Logic Diagrams '
DM54/74L.8373 DM54/741.S374
Transparent Latches Posltive-Edge-Triggered Flip-Flops
ourPuT __(1) ourpuT _ (1)
w2 " ) 2 b
—dq @ o
] D _ 10 8 :‘J} @ _ o
® ) > ) 2 [ - Io )
—a G D cx
& 1& 20 N 5 5 _ .0
0 L [ 4 30 (4] [ ¢
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Absolute Maximum Ratings (see Note)
If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avaliability and specifications.

Supply Voitage ' w
Input Voltage v
Storage Temperature Range —65°Cto +150°C
Operating Free Alr Temperature Range
OM54LS -55"Cto +125°C
DM74LS 0°Cto +70°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ralings” are those valses
beyond which the safety of the device cannot be guaran-
teed. The device should not be aperated at these kmits. The
paremetric values defined in the “Electrical Characteristics”
table are not gusranteed &t the absokde maximum ratings.
The “Recommended Operating Conditions” table wilf define
the conditions for actual device operation.

Symbol Parameter DM541LS373 DM741L.S373 Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 5.5 4,75 5 5.25 \")
Vi High Leve! Input Votage 2 2 v
ViL Low Level Input Voltage 0.7 0.8 v
lon High Level Output Current -1 —26 mA
lov Low Level Output Current 12 24 mA
tw Puise Width Enable High 15 15 ns
(Note 2) Enable Low 15 15
tsu Data Setup Time (Notes 1 & 2) 54 5] ns
iy Data Hold Time (Notes 1 & 2) 20 20 ns
TA Free Alr Operating Temperature ~55 125 0 70 *C
Note 1: The symbol (] ) indicates the falling edge of the clock puise is used for reference.
Note = Ty = 25C and Vg = 5V.
’LS373 Electrical Characteristics
over recommendsd operaﬂrsg free air temperature range (unless otherwise noted)
Symbol - Parameter Conditions Min (Nmﬂ Max | Units
vi Input Clamp Voltage Vec = Min, ) = —18mA —-15 \'
Vou High Level Output Voltage | Voc = Min omse |, ooy
lon = Max - : v
VL = Max N
Vi = Min OM74 | 24 a1
Vo Low Leve! Output Voltage Vee = Min DM54
o =~ Max 0.25 0.4
Vi = Max
Vit = Min Oprd 035 05 v
oL = 12mA DM74 0.4
Vee = Min -
[ input Current @ Max Voo = Max, V= 7V 0.1
Input Voltage - mA
[ High Level Input Current Voo = Max, V| = 2.7V 20 nA
he Low Level input Current Vee = Max, V) = 0.4V -04 mA
lozn Off-State Output Cument Ve = Max, Vg = 2.7V
with High Level Output Vi = Min, V. = Max 0
Voltage Applied 2 BA
lozL Off-State Output Cusrent Vee = Max, Vg = 0.4V
with Low Level Output Vi = Min, Vi = Max 20
Voltage Apphed B rA
los Short Clrcuit Veoe = Max DMS4 -20 —100 mA
Output Current (Nots 2) DM74 | —50 —225
toc Supply Current VoG = Max, OC = 4.5V, ’
Dy, Enable = GND 2 40 mA




]

‘L.S373 Switching CharacteristiCSatve = 5vand T, = 25°C
(See Section 1 thleavelorms and Output Load)

From R = 6670
Symbol Parameter ('"]?:') CoL = 45pF Cp = 150 pF Units
' (Output) Min Max Min Max
u;w Propagation Delay Data
i Time Low to High to 18 26 ns
Level Output Q
tPHL Propagation Delay Data
Time High to Low to 18 27 ns
Level Output Q
o H Propagation Delay Enable
Time Low 1o High to 30 38 ns
Level Output Q N
[T Propagation Delay Enable
’ Time High to Low to 30 36 ns
Leve! Output Q
tozn Output Enable Output
Time to High Controt 28 36 ns
Level Output to Any Q
tpz1L Output Enable Output
Time to Low Control 38 ! 50 ns
Level Output to Any Q
1z Output Dissble Output
Time from High Control 20 ns
Level Output (Note 3) toAnyQ
Pz Output Disable Output
Time from Low Control 25 ns
Level Output (Note 3) to Any Q
Note % Al yypicals are ot Veg = 5V, Ty = 25°C.
Nole 2: Not more than one output should be shorled at a ime, and the duration should not exceed one second.
Nots % C_ = 5 pF.
Recommended Operating Conditions
ol P ter DM54LS374 D’l74L5374 Units
Min Nom Max Min Nom Max
Vcé Supply Voltage 4.5 5 5.5 4.75 § 5.25 \'
. Vi High Level Input Voltage 2 2 -V
ViL: Low Level input Voltage 0.7 0.8 v
low High Level Output Current -1 -2.6 mA
lov Low Level Output Current 12 24 mA
w Puise Width ClockHigh | 16 15 s
) (Note 4) Clocklow | 15 15
tay Data Setup Time (Notes 1 & 4) 207 207 ns
ty Data Hold Time (Notes 1 & 4) 11 11 ns
Ta. Free Alr Operating Temperature ~55 125 0 70 *C

Note 1: The symbol ( T) indicates the rieing edge of the clock pulse is used for reforence.
Noth 4 Tp = 25°C and Ve = 5V.




'LS374 Electrical Characteristics

over recommended operating free air temperature range (unless otherwise fioted)

Note 3 C_ = 5 pF.

Typ ’
Symbol Parameter Conditions Min (Note 1) Max Units
'/} Input Clamp Voltage Vg = Min, ) = —18mA ) -1.5 v
Vou High Leve! Output Voltage | Vo = Min DM54 | 24 a4
lon = Max M7 4 "3
Vi = Max DM74 | 2. 3. v
ViH = Min
Voo Low Level Output Voltage | Voo = Min DM54 0.25 0.4
'\21- = :A‘:x" OM74 0.35 05
Vig = Min \'
oL = 12mA DM74
Vees = Min 0.25 0.4
N Input Curent @ Max Voo = Max, Vy = 7V 01 A
. Input Voltage )
] High Level Input Current Ve = Max, V) = 2.7V 20 pA
I Low Level Input Current Voo = Max, Vi = 0.4V -04 mA
lozn Ofi-State Output Vce = Max, Vg = 2.7V
Current with High Vig = Min, Vj_ = Max 20
Level Output rA
Voltage Applied
oz Ofi-State Output Voo = Max, Vg = 0.4V
. Current with Low Vi = Min, Vy_ = Max —20
Level Output rA
Voltage Applied
los Short Circuit Veo = Max DM54 —50 —225 mA
Output Current (Note 2) DM74 | —s50 —225
lcc Supply Current Vee = Max, D,y = GND, OC = 4.5V 27 45 mA
’LS374 Switching Characteristicsatvee = svand 7o = 25°C
(See Section 1 for Test Waveforms and Output Load)
' Ry = 6670
Symbol Parameter C_ = 45pF CL = 150 pF Units
Min Max Min Max
fmAx Maximum Clock Frequency 35 20 MHz
toLn Propagation Delay Time
Low to High Level Output 24 32 ns
LT Propagation Delay Time
High 1o Low Level Output 28 38 ns
thzH Output Enable Time
10 High Level Output 28 4“4 ns
tezL Output Enable Time
. o Low Level Output 28 44 ns
tpHz Output Disable Time 20
from High Leve! Output (Note 3) ns
tprz Output Disable Time 25
: from Low Level Output (Note 3) ns
Note 1: All typicals are at Vcg = 5V, Ta = 25°C.
Nots 2: Not more than one output should be shorted at @ time, and the should not d one




Physical Dimensions inches (miimeters)
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Physical Dimensions iches (miimeters) (Gontinued)

»TVP

L L]

20-Lead Molded Dual-In-Line Package (N)
Order Number DM74L.S373N and DM74LS374N
NS Package Number N20A

U8 gy
am-ere
fam-1 EIN-LIN
:E::g;) x> I‘_ faa-rie)
3 20040012
N p ety ]
— ! TT—L‘ b= ey
m;m ALLLEAD TIPS a1t n;'m R35-0.500
88 yp
[ ) s v
20-Lead Wide Smail Outiine Molded Package (M)
Order Number DM74L.S373WM or DM74L.S374WM
NS Package Number M20B
L]
020220005
0.81310.127)
0260 :0.088 e
.60 20.927) PN NG, T IBENT:
0820212y .00 NOM ormen2
TR e ¢ N!l_'\]_ —%%%
o TV e l
. A 9.045-2200
| awoses
o
L PR YT l 10.00° i} ]
r:“y}FG'T’ 010020010 I i
il
| 0.09820.083 ) 0.019:0.083 L_ ;_____::u-" :':::, "'.:r
d ot | DEMsLED ! T




Physical Dimensions inches (rifimeters) Continued)
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DM54LS373/ DM74LS373, DM54LS374/DM74LS374

TRI-STATE Octal D-Type Transparent Latch
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ge-Triggered Flip-Flops
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20-Lead Ceramic Flat Peckage (W)
Order Number DM54LS373W or 0"54}8374W
NS Package Number W20A

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL
"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 sustein Ke, and whose

support device
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2. A critical component is any component of & life

or system whose failure to perform can

be reasonably expected to cause the failure of the life
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faliwre 0 perform, when properly used in accordance support davice or system, or to affect its safety or
with Instructions for use provided in the labeling, can eflectiveness.
be reasonably expected to result in a significant injury
to the user.
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