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DIGITAL BALANCE

MR.THONGCHAI ‘KIATTIKHUNPHAN

DR.DANITAL BREEN ADV]SOR

1988.

Abstact

This thesis contains the details of & project about
Digital Belance the use of weights.It's the new feature for meking
digital balances by which electric. signals will be changed to Gram
units and then generate a magnetic field to weigh a mess.Because of
this feature ,it is different from normal digital balance that change
weight to electric signal.Bu getting a current into two coils which
surround the permanant magnetic bar so the force is weighted.We can
know the weight by getting the electric signal into Analog to Digital
Converter ( Dual-slope Type ) that displays in Gram unikts.

In this project cen separate to 3 partsy the first one is
balance's structure and magnetic coils, second is Constant Current
Source, the last one is Dual-slope Analog to Digital Converter that
high resolution.The Balence has resolution from 10 milligrams to 50

grams.
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L Hugin
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MTODNUVLINAT URLANINAT R URe C

1o I~4 o o
2937 A/D uuuaTaﬂaniowuLﬂuuuu 16 fn watldmaud 1 wnm
{ ° ' o ot ) W 4 Py s {
(81N (MHz) nwuuaWﬁﬂwauwnTvaLmQQeqﬂunwtnnnn +3 Tan ﬁ1n1num1ﬁtawngn
a a dew v { o { { o
19329TURLATINOTIANMINY -1.5 Taan  1foreat et isediuausle so00 an

o ' P~
NTHIITUIATTDITIAIUNY (R) uaeﬁatnuﬂfeg ()

IININAT Atg = 2" counts / clock rate
= 5000 / 1 MHz = 5 ms

fain RC = =(3V/=1.5V)(5ms)

LT IEREL R = 10 ms / 0.1 uF TontRonAn ¢ 1My 0.1 wF
= 100 kOhm

a1 In wugﬂ inu ﬂi-i L7N UREAI9ONLYN

1N Vin = Vn = +3 V
Vies = 3V / 5000
b 600 uv

doomrlidr v .. Twasoniedufiiaem 5oﬁutﬁwﬁwnaawtﬁnTvatna
gosnotluoadmTaeiian ity 0 Taar Tndre -60 §a +60 MV 1997 Zero Crossing
Detector #inafiamTening +-1/4 v WLy 150 pv %aﬁﬂtﬁﬂﬁgnwao1oa1
onitr lineas TTL tnewdn Lﬁwﬁgnauﬁaeﬁﬂﬁa $2V . Selumdnrivene daneas
wosmotuomifnaitu A, = z.0v/ 150 uv = 13,333 uAL2937 LT 8
irdnaiulie +2 v u 174 1093 mARoN ¢ clock eycle ) uTp 250 ns gt

aﬁLwnﬁaoﬁdwtﬁwﬁu

2.0V / 250 ns = 8 V/us
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3.5 239710318 M ( Power Supply )

30 1 | I ) tn‘ ‘I L3
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v 1 ' v -
fmrresldidean  u3o  Taaiaadredeanetiunndréguin
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X o -4 v W ad v [ . ¢
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LM 7805 uRe LM 7809 uunwaﬂw‘hammmm:m ULy
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Standard Wire Guage Table

259

1

1 .t X
fMUILLUIEINT :"llﬁ;m lﬁUﬂﬁmlﬂ TREAM LY

sanwed lgi.:'zjﬁuguﬁnmq Yo 2 5 T 7 5
B s\wW.G. | Sh. (MIL) m:m’ia 2ooou'auﬂ. 2soouauﬁ. 3ooo-uanﬂ. 3soouwﬁ. 4ooouauﬁ.
20 36 1o0.001018 | 2.04 2.55 3.05 3.56 4:065

759 0.001045 | 2.026  |2.535  |3.039  |3.55  |4.052
21 32 0.000804 | 1.61 2.01 2.41 2.81 3.21
28.5 0.000636 | 1.276 1.595 1.914 2.235  |2.552
22 28 0.G00E15 | 1.23 154 1.841 2.15 2.46
25.5 0.0C0504 | 1.01 1.257 1.575 1.76 2.1
o3 4 0.000452 | 0.905 1413 1.359 1.8 1.82'
22.6 0.0004 | 0.838 1.002 1.2057 11.405  11.6076
2 22 0.00038 | 0.761 0.95 1.14 1.33 1.57
25 20 02000314 | 0.628 0.786 0.94 1.1 1.25
26 18 0.0002545 0.569 0.536 0.76  ]0.89 1.01
1749 0.00025 | 0.503 0.€28 0.7545 |0.68 1.0
16.4 0.00621 | 0.423 0.528 0.634 0.739 |0.B45
15.9 0.000199 | 0.3576  |0.4955 0.5SE8  10.695  {0.T35
14.3 0.00017 | 0.344 0.43 0.515 0.601 0.65
14.2 0.000158 | 0.32 0.397 0.47 0.55 0.62
13.6 0.000145 | 0.291  |0.363 0.4356 . '10.508  10.581
12.6 0.000125 | 0.25 0.3125 {0.375 0.43715 0.5
12.4 0.00042 | G.241 0.302 0.362  |0.428 [0.483
1126 0.000105 | 0.212 0.264 0.317 0.37 0 .42
11.3 0.000099 { 0.2 0.248 0.3 0.348 |0.4024
10.8 0.000091 | 0.183  |0.229 0.275 0.32 0.265
10 0.000078 | 0.157 0.196 0.235 0.275 |0.314
9.2 0.000066 | 0.133 0.166 0.2 0,233 .|0.266
8.9 0.000062 | 0.1244 [0.155 0.186 0.2175 |0.2488
8.4 0.000055 | 0.111 0.139 0,176 0.194 |0.22
0.00005 | 0.105 0.1255 | 0.1507 [0.174  [0.21
7.6 0.000045 | 0.0907 | 0.113 0.138 0.158 |0.181
7.1 0.000039 | 0.07937 |0.099 0.119 0.138  |0.158
6.8 0.00003%6 | 0.0726 |[0.0908 {0.101 0.127 |0.145
6.3 0.000031{ 0.0624 |0.078 0.09536 |0.109 |0.1248
v
H
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 uA741
FREQUENCY-COMPENSATED OPERATIONAL AMPLIFIER

FAIRCHILD LINEAR INTEGRATED CIRCUIT

GENERAL DESCRIPTION - The 4AT4) 8 a high performance monolithic Operational Amplitigs
constiuctes wsing the Faurchdd Pianar® epitaxnial process. It 1 intenced 15¢ & wide range of analog
applications. High common mode voliage range and absence of latch-up tendencies mahe the ML
ideal for use 83 2 voltage follower. The high gain ang wide range of operating vollage Provides suprior
pertormance «n integrator, summung amphifier, ang general teecbaca apphcations Electrice! charec:,

teristics cf the wA741A and E are identicat to MIL-AS-38510 10101,

NO FREGQUENCY COMPENSATION REQUIRED

SHORT CIRCUIT PROTECTION *

OFFSET VOLTAGE NULL CAPABILITY

LARGE COMMON MODE AND DIFFERENTIAL VOLTAGE RANGES
LOW POWER CONSUMPTION

NO LATCH-LP

ABSOLUTE MAXIMUM RATINGS
Supply \‘:'!:3;('
LATAVA LAT4Y LATALE
nhAT41C
internal Power Dissipation (Note 1)
Meral Can
Molded and Hermetic DiP
Mies DIP
Flatpak
Difterenuial Input Voliage
Input Voltage (Note 2}
Storage Temperature Range
Metal Can, He«rr!gu: DiP, and Flaipak
Mini DIP, Motded DIP
Operating Temperature Range
Miitary (WAT41A, uAT41)

22V
18 v

500 mw
670 myy
310 mw
570 myy
130 Vv
15V

~65 Clo+15Q C
=55'C10+125 C

=55 Cio0+125 C

CONNECTION DIAGRAMS

B-LEAD METAL CAN
(TOP VIEW!
PACKAGE OUTLINE 5B

(VAR TR

Note Fon 4 fOonnezis 10 Cave

ORDER INFORMATION

Commercial [uA741E, uAT41C) 0Cio+70 C
Lead Temperature {Solaeringy :
Meta! Can, Hermeuc Difs, and Flatpak (60 3) 300°C
Molded DiPs {10 3) 260 C
Qutput Short Circuit Duration (Note 3) Inciedinite
B-LEAD MINIDIP 10-.LEAD FLATPAK
{TOP VIEW! ({TOP VIEW]}
PACKAGE OUTLINES 6T 97 PACKAGE OUTLINE 3F
PACKAGECODES T R
(N O s [ 3

RN e 1~
e 3 ¢
- ————

e

(VN

ORDER INFORMATION

ORDER INFORMATION

TYPE PART NO. TYPE PART NO.
~A741C KATA1TC ~A741A ~A741AFM
~A741C sATR1RC »A741 ~ATRIFM

TYPE PART NO,
»AT41A LATAIAHM
~A741 LATATHM S
wAA1E LATALLHC
wA741C LATAVHC
14.LEAD DIP
{TOP VIEW)

PACKAGE QUTLINE 64, DA

A @F_m--

« [
]

OeiLrY
N

[ nls

B3 E’ Duc

ORDER INFORMATION

TYPE PART NO.
nAT41A ~A741ADM
FLYZY) »AT410M
»ATAVE ~AT41EDC
»AT41C »A741DC
»A741C ~A741PC

)
. E (2
v LYY
3

|

NOtes 0N 1010w Ny Pages.
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FAIRCHILD LINEAR INTEGRATED CIRCUITS « uA741

MAT4IA

ELECTRICAL CHARACTERISTICS {Vg = :15V, T4 * 25°C untess otherwise specifred)
PARAMETERS (see gefinitions} CONDITIONS MIN TYP MAX UNITS
input Otfser Voliage Rg « 500 o8 30 mv
Average Input Oftset Voltage Drift N 15 WVrC
input Ofiset Current i \30 30 nA
Average Input Offset Current Doty "' 0% nAl C
tnput Bias Current BEE" 8O nA
Power Supply Rejecteon Ratio Vg = +10, 20, Vg = +20, —0v, Rg = 5001 i 15 %0 VIV
Output Short Circait Current W 25 | 35 mA
Power Dissipation Tvg s 120V T 80 %0 iy
Input Impedance T Vg 20V 10, €6 | I
Large Signal Voltage Gain Vg * 120V, R - 202, Vot ¢ * 15V 5 Vimv
Transient Respons. Rise Time
Uity Ganl Qvershoot .
Bangwidin [Note 4)
Stew Rate (Unity Gamn) ViN = 10V

Tne tollow g specihicanions apply tor =58 Cu Ta v 124 € S

1nput Oifser Voitage

1nput Offses Current

17put Bias Currert -

Commaon Mode R-jection Ratio Vg LoV, Ve, Ly Ry b0

Agpustment For - aut Ofiset Vonage vg 20V

Ouiput Snort € rcunt Cutrent

Power Dusipatior Vg - 20V ] =20 = g |
[ c
1= 3ut IMpesanes Ve o 20V
Y ¥ - s i 1. {R Toat: | N\ O
O.tput Vortage Soeng VAN Y o e g

Rl e
Vs + 20V, Hy | 2einNouT | 16V Vi

Vg 5V R TaiiVg 1 2V 1c Vimy

t.arge Signal Voltage Gan

NOTES

1 Ranng appiiey 10 aMinent lemperstures wb 10 WL Aroer TOC amuen) derele Linearly o) 6 3t € tue tne Netat can, A 3mW Cfor
the DIP ana 7 1w W C tor the Flatoas

For supbly v O 1ages tets than 15V 1Ay SUsEIUTE ™ 024U~ NDELI L0 tege § €44l 10 ThE 4L DDIy vO Taye

Short circust May DE 10 grOUNa Of edher suDpiy Rating app: €4 10 21245 C sove temperature 0r 79 C ambduent termperatace

0 3%
Catculatea vaiue trom  BW Mrg. « =
Are Tome 1o

& we
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National
Semiconductor

LM134/LM234/LM334

Industrial Blocks

3-Terminal Adjustable Current Sources

General Description

The LM134/1.M234/LM334 are 3-terminal adjustable
current sources featuring 10,000:1 range in operating
current, excellent current regulation 8nd a wide dynamic
voltage range of 1V 10 40V. Current is established with
one external resistor and no other parts are required.
Initial current accuracy is $3%. The LM134/LM234/
LM334 are true floating current sources with no separate
power supply connections. In addition, reverse applied
voitages of up to 20V will draw only a few microamperes
of current, allowing the devices to act as both a rectifier
and current source in AC applications.

The sense voltage used 1o establish operating current in

the LM134 is 64 mV at 25°C and is directly propor-

tiona! to absolute temperature (K}, The simplest one
external resistor connection, then, generates a current
with =+0.33%/“C wmperature dependence. Zero drift
operation can be obtained by adding one extra resistor
and a diode.

Applications for the new current sources include bias
networks, surge protection, low power reference, ramp
. . . .

generation LED driver, and temperature sensing The

LM134-3/LM234-3 and LM134-6/LM234.-6 are specified
as true temperature sensors with guaranteed initial
accuracy of +3°C and x6°C, respectively. These devices
are ideal in remote sense applications because series
resistance in long wire runs does not atfect accuracy.
In addition, only 2 wires are required.

The LM134 is guaranteed over 8 temperature range of
~55°C to +125°C, the LM234 from —25°C 1o +100"C
and the LM334 from 0°C 10 +70°C. These devices are
available in TO-46 hermetic and TO-92 plastic packages.

Features

Operates from 1V to 40V
0.02%/V current regulation
Programmable from 1 uA to 10 mA

True 2-terminal operation

Available as fully specified temperature sensor
23% initial accuracy

—
=
3
-
=
N
£
r=
=
%)
g

~Typical Applications

Basic 2-Termina! Currant Source
Vin

v

Rgry

-Vin

Terminating Remots Sensor for Voltage Output

Vi
v
[
Asgr
v
[
Vout = liseriR()
~ 10mV/ K FOR
gt * 2300
A B0

-

Y

Zeoto Tempersture Cocﬂvuchn‘l Current Sourcs
Vin

v‘l ‘I‘

Q.
o

=
) ¢
Dl B S

) | ]‘v ~1 Hggp

~Vik

*Select ratio of R1 10 RgET 1o obtan zero drift. It » 2 Igg T

Ground Retferred Fahrenheit Thermomster

W2V

M
L1
F_'WVA

IN250

4]

v

Vour s 10 mv/ b
16 FgTg 250 F

VN

8._

LM33§2

V" ™ v

Select R3 = VREF/583 wA. VREF may be any stabie positive voltage - 2V

Trim RJ 10 calibrate




LM134/LM234/LM334

Absolute Maximum Ratings El¢
. -
v+ to V= Forward Voltage ) :
LM134/LM234 4a0v- . /s—
LM334/LM134-3/LM134-6/LM234-3/LM234-6 3ov ¢
v* to V™ Reverse Voltage . 20v (N
R Pin to V™ Voltage 5V Ec
Set Current 10 mA
Power Dissipation 200 mW Ri
Operating Temperature Range (o}
LM134/LM134-3/LM134-6 ~55°C 10 +125°C
LM234/LM234-3/LM234-6 -25°C to +100°C
LM334 0°C 10 470°C
Lead Temperature {Soldering, 10 seconds) 300°C w
T
Electrical Characteristics (note 1) s
N 3
LM134/LM234 LM334
PARAMETER CONDITIONS N TvP MAX N Tve MAX UNITS -j
Se1 Current Error, V* = 2.6V, | 10 uA < IET < 1 mA 3 6 %
(Note 2} 1mA<ISETS 5 mA 5 8 % 1
2uA<ISET < 10 A 8 12 %
Ratio of Set Current to 10uA<ISETS 1 mA 14 18 23 14 18 26
V™ Current 1mA<SIGET £ 5mA 14 14
2uA<IgET< 10 A 18 23 14 18 26
Minimum Operating Voltage 2uA < ISET <100 A 0.8 0.8 v
100 A< IGET < 1 mA 0.9 0.8 v
1mA<IggT < 5mA 1.0 1.0 v y
Average Change in Set Current | 1.5 < v? <8V 0.02 0.05 0.02 01 %V
with input Voltage 2uA<ISeT <1 mA
5V <Vt <40V 001 | 003 001 | 0.05 %/V
1.5v<Vv sy 0.03 0.03 %V \
1mA<IGeT < 5mA !
"BV LV <40V 0.02 0.02 O
Temperature Dependence of 25uA < IgeT <1 mA 0.96T| T 1.04T [ 0.86T| T 1.047 .
.Set Current (Note 3} Nt o !
i
Etfective Shunt Capacitance 15 15 pF I
Note 1: Uniess othurwise specifiod, tests are parformed at T‘ = 25°C with pulse testing 10 that junction tempersture does not change during test. !
Note 2: Set current is the current flowing into the V* pin. it is determined by the {ollowing formula. IggT = 67.7 mV/RgeT (€ 25 C). Se1
current erfor is expressed as a percent deviation from this smount. IggT increases &t 0.336%/°C @ Tj=26°C.
Note 3: IggT is directly proportional 1o absolute temperature (“K). IGET at any temperature can be calculstnd from: IggT = g {T/To) whese o "1
is IgET Meusured at T, (KD p
i
A4
Tl
9-18




F s
) . 3 r‘
Electrical Characteristics (continued) (Note 1) <
| — - -k
LM134-3, LM234-3 LM134-6, LM234-6
PARAMETER CONDITIONS T T T T o] UNITS S
Set Current Error, V¥ = 25V, | 100 pA<ISETS 1A £1 22 % -
{Note 2) Tj=25°C %
Equivalent Temperature Error . 13 26 °c g
Ratio of Set Currentto V™ 100 pA<IgeT<1mA 14 18 26 14 18 26 -
Current g
Minimum Operating Voltage 100 pA ISeT < 1 mA 0.9 0.9 3 w
Average Change in Set Current | 1.5< v* <8V 0.02 0.05 0.02 0.1 %IV ﬁ'
with Input Voltage 100 pA < Igg7 < 1 mA .
sv<vt<3ov 0.01 | 003 0.01 | 0.05 %IV
Temperature Dependence of 100 uA S ISETS 1 MA 0987 | T 1.02T1 0977 | T 1.03T
Set Current (Note 3) and
Equivalent Slope Error 2 . 13 %
Effective Shunt Capacitance 15 15 pF
Typical Performance Characteristics w0
Maximum Slew Rate for
Output Impedance Linsar Operstion Start-Up
" T ]
1 10,4 |1
N e *. ~ |~ 100,
s { 1]
N1 2 11
z £ ' =
H N = g ]
1= 108 A E --J
E [ | N =
— nl an R I Y4 =0
7 N s 11
w [ [0 0 :\v/ )
" 1 W ™ 1A 1A KA ImA (Gek
FREQUENCY (1) T TIME (Note scabe change 31 sach wyrrent lovel)
Transient Response Voltags Across Rgey Current Noise
NEN=R=TERE B ' 2 -
Al __‘SIY =imA /
] LI n
_ V' TO V-5V | ”" g " =
1 o .04V g a < NS tgpy = A TETTTTT T
z 8 T = 3 Isgy * Ve
é: s A f"vj. } < u //' Eoe L If z
¥ - Wae I5ET < 190 A 5w 4 £ S
. AN = £ e 3l
o L N - w R s - wua UL T
) L JsEy =104 A T X
W o] TTT oVl , T TOI LN
40 .25 8 3 8 1 10 28 ) 100 " [T T
TIME (Hots scale changes for sech currvnt] TEMPERATURE [°C) FREQUENCY (M2l
i
[
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LM134/LM234/LM334

Typical Performance Characteristics (continueq) .

Turn-On Volum

18mA of T
T 't —
7 | RAgere il
1mA A —
- ; 4 Rsey « 4402 —
w V4 1 T
xr 71 Rggy = 40002
190 A o T
174 }
Rgey =640
10.A £
. - v L

“ (X} (2] 14 2 14
V10 V- VOLTAGE

Application Hints

The LM134 has been designed for ease of application,
but a general discussion of design features is presented
here to familiarize the designer with device characteris-
tics which may not be immediately obvious. These
include the effecis of slewing, power dissipation, capa-
citance, noise, and contact resistance.

SLEW RATE

At slew rates above a given threshold (see curve), the
LM134 may exhibit non-linear current shifts. The slew-
ing rate at which this occurs is directly proportional 10
ISET. At iSET = 10 A, maximum dV/dt is 0.01V/us:
at ISET = 1 mA, the limit is 1V/us. Slew rates above
the limit do not harm the LM 134, or cause large currents
1o flow. s

THERMAL EFFECTS

internal heating can have a significant effect on current
regulation for ISET greater than 100 uA. For example,
each 1V increase across the LM134 at ISET = 1 mA will
increase junction temperature by = 0.4°C in still air.
Output current (ISET) has & temperature coetficient of
& 0.33%/°C, so the change in currentdue to temperature
rise will be {0.4)(0.33) = 0.132%. This is a 10:1 degrada-
tion in regulation compared to true electrical effects.
Thermal effects, therefore, must be taken into account
when DC regulation is critical and ISET éxceeds 100 uA.
Heat sinking of the TO-46 package or the T0-92 leads
can reduce this effect by more than 3:1.

SHUNT CAPACITANCE

In certain applications, the 15 pF shunt capacitance of
the LM134 may have to be reduced, either becuuse of
loading problems or because it limits the AC output
impedance of the current source. This can be easily
accomplished by butfering the LM134 with an FET as
shown in the applications. This can reduce capacitance
to less than 3 pF and improve regulation by at least an
order of magnitude. DC characteristics (with the excep-
tion of minimum input voltage), are not affected.

NOISE
Current noise generated by the LM134 is approximately

4 times the shot noise of a transistor. If the LM134 is
used as an active load for a transistor amplifier, input

Ratio of IzgT to V— Current

n
]
n
N
e
< u
=
"
\
I}
-~
W 90,4 ImA Toma
L1t

referred noise will be increased by about 12 dB. In many
cases, this is acceptable snd a single stage amplifier can
be built with & voltage gain excecding 2000.

LEAD RESISTANCE

The sense voltage which. determines operating current of
the LM134 is less than 100 mV. At this level, thermo-
couple or lead resistance eftects should be minimized
by locating the current setting resistor phyucslly close
to the debice. Sockets should be avoided f possitile.
It takes only 0.751 contact reuistance 10 reduce output
current by 1% at the 1 mA level.

SENSING TEMPERATURE

The LM134 makes an ideal remote temperature sensor
because its current mode operstion does not fose
accuracy over long wire runs. Output current is directly
proportional to atsolute temperature in degrees Kelvin,
according to the following formula:

(227 uV/KIT)

1

SET RseT
Calibration of the LM134 is greatly simplified because of
the fact that most of the initial inasccuracy is due to »
gain term (slope error) and not an offsel. This muans
that a celibration consisting of a gain adjustment only
will trim both slope and zero at the same time. In eddi-
tion, gain adjustrnent is & one point trim because the
output, of the LM134 extrapolates to zero at 0K,
independent of RGET or any initig! inuccuracy.

INITIAL OUTPUT,

Iser

DEStRED
©  outrut

1
t
]
{
:
|
|
|
|
|
|
[}
[}
|
1

{
t
!
1
t
{
|
1
|
|

I
[
|
1
”x n 1 n
“This property of the LM134 is illustrated in the accom-
panying graph. Line abc is the sensor current before
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Application Hints (continueq,

trimming. Line a'b’c’ is the desired output. A gain trim A 33 ppm/°C drift of RGET will give 8 1% slope error
done at T2 will mov?:'m"g'ompux from b 1g b’ and will because the resistar will normally see about the same
simultaneously correct sfhe slope so Wy ‘she Quipuy 1 7 tamperature vargtions as me,LM134. Separaong Rge T
8t T1 ana T3 witl ve corfegt This gain Lo £an e ogne from the LM134 requires 3 wires 4710 hag leac sesutance,
an RGET or on the foud resistor used 19 Wi minate the peoblems, 5o # not normally recommended. Mata! tdm
LM134 Siape error aiter thm will norptally be less * resrstors widh tess than 201ppmi” G delft ace ey .

i

tnan =1%. To mMa ntam mis acousaty, Nigaeeer. & 0w FeBialit. Virp WO 1830108 Mdy 250 e 8386 A
temperature coetficient resistor most o ufckw RSET. et SlalniIDy B Teg. Lok .
1 5

Typical Applications (conuries . i

h

VECWINEZINTVELINT

Low Ouiput Taapesarcs Toher mameiar
Vi 2UY

v

Vours ibmecx
2oyt 5 18

® Output impeaance of the LM134 at the “R™ pin s
—Ao N

approaimately . where Flc'u the equivalent

external resistance connected to the V™ pin. This
negative resistance can be reduced by a factor of 5 or
more by inserting an equivelent resistor in series
with the output,

Highar Output Current

Low Output Impedance Thermometar
VIN
2K2905
[3hd
R1*
;
‘
1 .
# .
- )\ Vs
PP -
X N~ N
’:3 L———_-—-l Rigey
v
! 7]
< 4.5
-V
9 =- N
*Setect R1 and C1 for optimum stability
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LM134/LM234/L M334
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Typical Applications (continueq) ‘ Con
. B
Micropower Bias ! Low Input Voluige Refersnce Driver ;
: . LI o
Vi *ViN2 VREF + 200 mV .-
—— - ,
1.5k
LM4250 o
-0
fh— 'r- [1]]
h—
‘ INE250
; LY VouT*Vz+6amvese
. -~ [ X puT<Ima
v D1
LM129
a BseT . LMI136
) LA LM113
88k o €TC.
V- V-
S
“Vin L
Ramp Generator
Viy
|
R
£
3 s
= ]_A__
Vour
N
S
a1 .
RESET —J_I_ wn ICI 2
= == T
¥ LY
6
1.2V Reterence Oparates on 10 uA and 2V 1.2V Hegulator with 1.8V Minimum Input 13
Vinz2v \ Vin 2 1av P
L}
v 100k w
< . re,
Y [ o =
15k 2N4250
L Voyt=12v
lgur <144 :"
Az® N 1. Vour e 1av
6.3k fQuT 200 A
V- 1%
0.00 1nas7
v R1*
ol N N ‘
0.001 I %
18457

*Select ratio of R1 10 R2 to obtain zero temperature drift
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Typical Applications (continueq) : . hy
5%
&
Micropower Biss Low Input Voitage Refsrence Driver ‘,' ]
. > w1y
Vi VN2 VREF 200 mV ) "3 i
__l\ At ‘
1.5k :
i
Lwa250 > o
haee punt A
— ‘ o o
‘ 2NA250 :
: |
) 1uA Vaur=Vz+Mmvesc Il
. - + louy < ImA H
v . 4
v Dt
R LM12§
q BseT LMI36
b R M1
66X ETC.
L v~
-Vin L
Ramp Generator
Vin
v'
R
-
AseT
& = T
s Yourt -
1] .
n;sn_I—L_ wnn (] y
- d
= = 3
3]
' |
1.2V Referance Operates on 10 uA and 2V 1.2V Regulstor with 1.8V Minimum Input ] N
W22V & Vin214v W
ra
v 100k ‘
RI 3 Tt
 $k 1L— 284250
& y Vouy=12v
! 1uA
S guT S 0__{ I_ Vout- 12V ¥
684 . loyy £200 LA . A
= % -
v 0.001 sy
v’ R1®
> R1° ~6k
o o0 % o
001 I % . ‘
1M4857 R2* , B
680 l
— — v- 13 4' M
- - $ d
*Select rutio of R1 to R2 to obuin zero 1ernperature dnify *Select ratio of R1 10 A2 for zero temperature orift .
1 1
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Typical Applications (Continued) : =
“
Zener Biasing ) Alternats Trimming Technique Buffer tor Photoconductive Cell ’E
Vin i N . <
|« v N
i R R V' §
1 ——
1 1.8v
! e
- RsET . A E
v \: RseT . L
W
S Vout e o g
» . V- .
y , <
- =ViN
= *For 2110% sdjustment, select RgET
10% high, ang make R1 ~ 3 RgeT

FET C ding for Low Capaci snd/or Ultra High Output Impedance
*VIN
VN
Isev |
vﬁ
(1
2l
v R
]
Rser
v
ASET -4
v
nz'
1
. § 1sev
~ViN

*Sulect Q1 or Q2 to ensure at loast 1V across the LM134. Vg {1 — 1seTpss! 2 1.2V.

Generating Negative Output impedance S In-Line Current Limiter
*Vin Rset
; [+
v
a1 .
(S R iy = = l
Q4 t*
! T
S RsET =
v-
0P AMP
-ViN
*ZouT ~ =16 * R1 (R1/V|y must not exceed Iset) x -
* Use rhinimum vulue required to snsure stabilily of protected
device. This minimizes infush current 1q 8 direct short.
. 9-23
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Schematic and Connection Diagrams

vt2)
as
a3
o
A
v
TO46 TO92
Metsl Can Package Plastic Package
VC
vt R v~
2 1 J
R v- 1
BOTTOM VIEW BOTTOM VIEW

Pin 3 is electrically connected 10 case
Order Number LM134H, LM134H.3, LM134H-6, LM234H,

LM234H-3, LM234H-6 or LM334H
See NS Package HO3H

Order Number LM334Z, LM234Z.3 or LM2342Z-6
Set NS Packuge 203A
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SCL4066B

CMOS QUAD ANALOG SWITCH

FEATURES

¢ Transmission or Multiplexing of Analdy or
Digital Signals
BOQ2 Typical ON-Resistance for 15-Volt oper-
atian
Switch ON-Resistance Matched to .within 500
over 15-Volt Signal-input Range
ON-Resistance Flat over Full Peak-to-Peak Sig-
nal Range
High Degree of Linearity:
<0.5% Distortion (typ) @ f;; = 1kHz,
Vis = 5Vp.p, VDp-Vss =10V, Ry = 10k €2
¢ Extremely Low OFF switch Leakage Resulting
« very Low Offset Current and High Effective
OFF Resistance:
10pA (typ) @ Vpp-Vgs= 10V, Ta=25°C
¢ Extremaly High Control Input Impedance {Con-
trol Circuit Isolated from Signal Circuit):
1012 8D {typ) .
¢ Low Crosstalk between Switches:
-50dB (typ) @ fi; = 0.9MHz, R|_= 1k}
¢ Matched Control-Input to Signal-Output Capac-
itance Reduces Output Signal Transients
4 Frequency Response, Switch ON = 40MHz (typ)

¢ & o o

DESCRIPTION

The SCL4066B is a Quad Bilateral Switch
intended -for the transmission or multiplexing of
analog or digital signals. It is pin-for-pin compatible
with the SCL40168, but exhibits a much lower
ON-resistance. In addition, the ON-resistance is rel-
atively constant over the full input signal range.
The SCL4066 consists of four independent bilat-
ersl switches. A single control signal is required per
switch. Both the P and the N device in a given
switch are biased ON or OFF simultaneously by
the control signal. As shown below, the well of the
N-channel device on each switch is either tied 1o
the input when the switch is ON or to Vgg when
the switch is OFF. This configuration minimizes
the variation of the switch-transistor threshold

SCHEMATIC DIAGRAM (one of four switches)

NORMAL CFCAATION
CONTROL-LINE BIASING.
SWITCH O\ = vpp
SWITCH OFF, W 0" svgy

CONTROL

m B
T

$IGRAL-LEVEL RANGE.
¥3s £ vis Svpo

179

CONNECTION DIAGRAM
{all packages)

Switch
A Switch D Switch C
—— P A
Vop € C IN OUT OUT IN

I 1 ] ] ] ] ]
4 13 12 11 10 9 8
$CL4066B
1 2 3 4 5 & 71
! | ! l l |

IN OUTQUT IN C C Vvgg
S N e —
“Switch A Switch B SWéICh

Add suffix for package:
" C  14-pin Cerdip F 14-pin Fin
D 14-pin Ceramic H Chip
E  14-pin Epoxy

RECOMMENDED OPERATING CONDITIONS
For maximum réliabiliry:
VDD Vss
Ta

DC Supply Voltage 3to15  Vdc

Operating Temperature
C. D, F, H Device
E Device

-65 10 +1256 oC
4010485 ©OC

voltage with input-signal, and thus keeps the ON-
resistance low over the full opereating range.

The advantages over single-channel switches in-
clude peak input-signal voltage swings equal to the
full supply voltage, and more constant ON-imped-
ance over the input-signal range. For sample-and-
hold applications, however, the SCL4016 s
recommended,

LOGIC DIAGRAM

———e

g v < Hoes
S o
TR
i e

oo omie
o
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SCL40668
ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS '
V. Vv T 2 25°C T 1
PARAMETER CONDITIONS | (a2, | rvae ™ on | Uit
Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE
CURRENT Iop | Vin=Vss or Voo 0 5 - 0.05 - Jo.0005( 0.05 - 1.6 | uAdc
All valid input 0 10 - 011 - Jooor] o - 3.0
combinations 0 15 - 0.2 - (0002| 02 - 60
MINIMUM INPUT HIGH Vi
VOLTAGE Vis = Vgs 0 5 - | 40 - |275 | a0 - | 40] vee
(Control Input) 1 Vos™ Voo 0 w0} - 8O0 | - |55 80| - | 80
los = 10uA 1] 16 - 12.0 ~ 1825 | 120 - 120
MAXIMUM INPUT LOW Vie
VOLTAGE Vis = Vgs 0 51 1.0 - 1.0 12,25 - 1.0 - | Vde
(Control Input) Vos* Voo 0 10 | 2.0 -~ | 2.0 {45 - 2.0 -
los = 104A o |30 -|a0(ers| - | 30| -
SWITCH INPUT/OUTPUT lors
LEAKAGE Ve = Vgs 7.5 (+2.8) — 12100(" ~ [20.01)2100( - | 1200|nAdec
Vis=17.5Vdc )
ON-RESISTANCE Ron
C.D,F,H device Ve =Vop S RCA-T 220] - 80| 280 -] 320 n
Vss<V,s<Vop 0 | +15
- Ry = 10k Q
B o 0] - [ 120] eo0] - | ssol g
0 +10 .
2840281 _ laooo| — [ 220 | 2s00| - |3s00| @
0 +5 R
E device Ron [ Ve = Voo 25 #7281 1o b 0| 280] - | 300 @
Vss<Vis<Vpp 0 J+5
R_ =10kQ) 5 +5
0 +10 - 330 - 1201 400 - 520
2.5 | 425
i - - 2
, 0 +5 2100 270( 2500 3200} N
ON-RESISTANCE MATCH ARgn
{Same package) " Ve *Voo 7.5 | +1.6 C il R sl — - -l a
Vgs<Vis<Vpo 0o |[+5] ©
AL =10k 02
4 (85| 2 "<l oidd| - Q
0 +10 .
26 |+w2s| | _ | _ L i _ Q
0 +5

NOTES: ' Remaining Static Electrical Characteristics are listed under

Teow = -55°C for C, D, F, H device.

= —40°C for E device.

Thicu = +125°C for C, D, F, H device.
=+ 85°C for E device.

3 This device has been designed for balanced output drive current specifications. Consult Family Specifications.

180

“SCL4000B Series Family Specifications”
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SCL4066B
ELECTRICAL CHARACTERISTICS (Continued)
DYNAMIC CHARACTERISTICS (C_ =50pF, T, = 25°C)

Vss | Vop : .
PARAMETER CONDITIONS vdel | (vae) Min. Typ. Max. Unit
SIGNAL INPUTS (V;,) AND OUTPUTS (V,,)
PROPAGATION DELAY TIME | tp_p |Ve=Voo
. teri | Ve=Square 0 5 - 20 40 ns
Signal Input to Signal Outpit Wave 0 10 - 10 20
Ry = 10kQ 0 15 - .75 15
BANDWIDTH (-348) BW |V.=Vpo R,
{Sine Wave) V=5Vl 1k -5 +5 - 54 - MH2
centered | 10k - 40 -
@ 0.0Vdd100k 2 - 1 38 -
1IMO - 37 -
INSERTION LOSS
(=20 logjo 2t ) ’
v VesVpo RL
Veu5Vool k| -5 +5 - 23 - 2
centered | 10k} - 0.2 . -
@0.0Vdc[100k2 - 0.1 -
1M — 0.05 -
SIGNAL DISTORTION
“{Sine Wave) Ve=Vpo -5 +5 - 0.16 - %
V.-SVH,
centered
@ 0.0vdc
fi,=1.0kHz
R, = 10k
FEEDTHROUGH {-50dB) Ve=Vgs R
f Via=5Vpol 1k -5 +5 - 1250 - kH1
centered | 10k - 140 -
@0.0Vdc 100k - 18 -
1M - 2 -
CROSSTALK (-50dB) _ V.(A)=Vpp -5 +5 = 08 - MH 2
Between two switches Ve (B)=Vgg E
VL AI=SV,,
centered
@0.0vdc
p RL = 10k
CAPACITANCE ’
Input C, - 8 - pF
Output Co' VC = Vss -5 +5 - 8 - pF
Feedthrough Cios . - 0.5 - pF
CONTROL INPUT (V¢)
PROPAGATION DELAY TIME | tp¢ | Vss<V,&KVpo 0 5 - 50 100 ns
Turn on . RL = 10k 0 10 - 25 50
0 15 - 20 40
MAXIMUM INPUT fo  [Vss<Ve&Vpp ] 5 - 5 - MHz
FREQUENCY Ry = 1.0kR2 0 10 - 10 -
0 ] 15 - 12 -
kY
CROSSTALK
{To signal port) V.=Square Wave 0 5 - 30 - mV
R, = 10kQ 0 10 - 50 -
R,, = 1.0kQ o 15 - 100 -

1814
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CHANNEL ON RESISTANCE (Roy) —

330 AMBIENT TEMPERATURE
(Tals25%C

et vt o
s Samaesssangsgsa
1 < { s
23 - g
b '

-

- 884 414
i 1
117 I 1
" =g i
IS8 By e 3 4
4 22s e Ee Y s 164
e i5ats Py H
reu 3 boa ball soska
2 7T
1] peeed fosen naesn 1
s (2T
nad ot To 1
SR Raas s
R R R R T ]
ases ke ses sesss sns) 11
= Sy

0
SIGNAL VOLTAGE (v,,) — VOLTS

Typical channel ON resistance vs. signal voltage for
three values of supply voltage (Vpp-Vss)

SUPPLY VOLTS: Vpo*+ 3, vss* =3

INPUT SIGNAL YOLTS (Viy)* 5 vp.p
SINE WAVE (1T nus)

[COMTHOL VOLTS (wcle+s

® LOAD CAPACITANCE * (Crix *Cof TER)

€los
rodt=os
1

2

1!

RF VOLTMETER
BOONTON RADKD
MOCEL 91-Ca
OFf [Quiv

Vou

Vi i_ nws)
.
'C'VDQ
i g i1 {5
I 2% LoD RCSISTANGE (R )+ (MR I
- + -3
5 t )
Ifo AR, N PONTS 1
e~ 004 N '
-
% s 0 \
29
._)
3 o
g
i \ X 100

WPUT SIGNAL FREQUENCY UL

Typ. switch fréquency response - switch “ON”

‘

SUPPLY VOLTS:Vpo+e3, Vgss-3 TTIT T I
INPUT SIGHAL VOLTS (Vighe 3 Vpop SINE WAVE (177 AsS)
T3 301 FIXTURE ANO METER MULLED OUT 353
s ET ) HTNT
5 o ol 31
2 £ Va0 ¥ T
5 fe L =
g zo—:ﬁJ 0 g dy =
w wa | *a 3
z e 5
- Yoy, RF VOLTMETER -5;
3 (3¢ BIONTON KAGK / ®
j' MODEL 91-Ca =
2 ~ T OR EQUIV. 1
»
2 énI-‘} } T v )
& Swa "o /
8 ol e
- ITCHE:!
o s |
o i 0 02 w03 4o

INPUT SIGNAL FREQUENCY (1,,)= kni

Typ. crosstalk between switch circuits in the same
package

182

SUPPLY VOLTAGE vpp*8V

Vss + =8V
AMBIENT TEMPERATURE (Tg)e25°C

OUTPUT $ICKAL VOLTAGE (vpg) — VOLTS

1 OF o i
M i
Switenes " :
S é {
:ﬁ vas A3 |
$3esast] i234 3
E:n s HOALL UNUSED TERMinaLS
B ssritiiant T3] ARL CONNECTED TO veg
-6 -4 - J 2 - . r
INPUT SIGNAL VOLTAGE [v,,) ~ vOLTS \‘i

Typical ON characteristres for 1 of 4 channels.

[BUePLy VOLIS go- 3. vys oS 2§
CONTROL VOLTS (vgle-3 'i
HNPUT SIGNAL VOLTS (V005 vp p SINE WAVE (177 KM$)

30 LOAD CAACITANCE (CLI-CF ix TumE *CMETER
FIXTUKE ANC METER MULLED OUT

CBwe

~
o
¥

2

T
v

ATTEWUATION (g8)

>
u

OUTPUT SIGNAL AWS MELIVOLTS (Vp,)

O ) 3 1 »
w0t 1 © “0? o3 0 &
WPUT SIGNAL FREQUENCY I1,)ams s

Typ. feedthru vs. freq. — switch “OFF*~

%

e
Ry

10y, v
o M o——D-———] X
o 20m v B2

ALL UNUSED TERMINALS
ARE CONNECTED 10 Vsg

Test circuit, crosstalk-control input to signal




SCL4066B
2 SPECIAL CONSIDERATIONS — SCL40668B ’
1. In applications where separate power sources are used to drive Vpp and the signal
= inputs, the Vpp current capability should exceed Vop/RL (R = etfective external
load of the 4 SCL4066B bilateral switches). This provision avoids any permanent
current flow or clamp action on the VDD supply when power is applied or removed
from SCL4066B.
2. In certain applications, the external load-resistor current may include both Vpp and
signal-line components. To avoid drawing Vpp current when switch current flows
into terminals 1, 4, 8, or 11, the voltage drop across the bidirectional switch must not
exceed 0.8 volt (calculated from Ron values shown).
. -No Vpp current will flow through R i the switch current fiows into terminals 2, 3,
9, or 10. Failure to observe this condition may result in distortion of the signal.
APPLICATIONS INFORMATION
X b) sPOY
o sest Yos: ‘mo—o' P e
Vis Vos Y5000 Vis
b5 iy Vosz
e J_L
d) DPOT
<) DPsT Yosaz Visa
v, v v Nosa 4 Vosal Vosaz
o !ZZQ Sw '“o-oJ’o—o PN ) - O—o v{’»—o
Vosp: v,
O—10 — "B\
'130@ ne e ‘osB2 vike
—O'% [ I Visa O »
I
c
Basic Switch Functions using the SCL4066B
C4=0.001C;
e
{
fca
SELECT O—
Ca‘0.0lC‘ ] -
) ﬁ@‘ $ ot
ey z OPEN LOOP GAIN
SELECT O- «
L C2=0.1C; e b
CONTROL — — < v f'r |l i
;cliu: O— E \ 5 = ALy
T
Cy \ » a
-
% pe=h 0 \"u h"'u_ h\
{siLect o \\
FREOQUENCY - Ha
AVA-
R [
A, 3 AL(VOLTAGE GAIN BELOW BNEAK FREQUENCY)
leO—-—*\N»J - -
y: 1
Veurs & (BREAK  REQUENCY) i
" 1
2 + L (UNITY GAIn nuoumcn-ha'c‘
2
- MAX ATTENUATION - DSle0)

Active Low Pass Filter with Digitally Selected Break Frequency
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5404 /7404

Hex Inverter

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
: Package Package : Package : Package Package
Device Type Device Type Device Type Device Type Device Type
YPe TP TmIcF YPe TP IMEF P ICTPTmIcF ClPIMEF YPe [C TP MIcE
T SN54S04 I Wi SNSam04 J | Wif SNSAL S04 J 4 w24 SN5404 Jy W2l ShseL ot NG T3 -
& SN7¢S04 SN SN14n04 40N SNIAL S04 Jd Ny SIN1404 J4 NG SH4L04 JoNg (T2
FAIRCHILD |sas0e FM9S0410 FMS4H08 FMSHDII0 | F 2| Twas s |01 V0 | F1AS404 F rashoz |0 2
FC7480¢ FC95S04 10 [P FCl4n0d FCErm04 |01 [P FOIALSM - FL3S0M o [PT FL | Fiata04 v Conos D [P
~ C3i08 % F i MC5404 L. F
MOTOROLA ™ C3008 o F1f SN2 S04 P M Cl404 LyiP
N.S.C . = DM 54H04 [sa]NT DM54L S04 DME404 J4 NG w2 O S oa ECE F2
o OM14S04 1 CE DM141104 FICE DM74L S04 UM 7404 JuNy OM14L04 SN F2
1
PHILIPS N14E04 1 ki N74r104 [ N4L S04 ' Fan2d41 1404 4
S54504 F 1A, W f S5ande Foja w2 £540¢ F ol w i
SIGNETICS N 14504 & laj wi | N1ar0e Filag NT4L S04 la s NI4O4 Fuja’
—
SIEMENS T 7
FUJITSU T4L S04 A MBAIE LAl
HITACHI RS04 ° HOT4L S04 Py 1D 7404 HD2522 ICH
i |
MITSUBISHI |z — — - s = et
T
|
NEC 74504 T |c: 14, S04 L PB21L o | =)
i | |
TOSHIBA I | T 034044 13 |
Electrical Characterstics SNS4LSO4 SN74LS04
2b50ile maximum raLNES Ove' OPEIMLNG frew-ai lemperature rang o
(TR } Yy Ope aiong hoe s { SAS4. £ S8 e ImSC &
—r | T R R S T TS Sichematics (each gate)
| 1 Stuag wmpeaise ane ~85°C 10 180T
fecommended operaling conditions
SNSa_S0a S$h74; 504
i O MAX | wn oW Ay ] T
Sunry vorlage vee 4 3 38 a-om L A B M
M, wve Dulin' Gueent oy, - 400 - 400 wt "
Lom-wre ouipn Cwien: 1 . [ - »
Oueraion, Foea’ lemoraise 1, 3 124 ° % T
electrical characteristics over recommended operating
free-air temperatuce range Mevs
PARAMETER TEST CONDITIONS 1 MIN TYP 1 MaX | UNIT
Vin Higrsweve! gt voitane A 2 v
V. Lowievel mput voltage 0.8) Vv
V. Input Clamp vollage VEC=MIN, 1= ~18mA “151 v
v AT a3 Ty [ag ]
VEC=MIN. Vi =V, mas. E -
v High-level ouiput voltal 217 /1% v [ o4 T4 [iew] o] in] -p
L indaiaglion * 10 = MAX 40n 20%300 ] 121 ]
VeC=MIN,  Vigy=2v, Input Clamp diodes not on
davel §
VoL  Lowievsl output voltage loy = 4A e SNS4L IINTAL" Circuits. S04 CIRCUIT
I el VOCEMAK, vi= 1V 0.1 ma 04 “L04 CIRCUITS
M mum input vollage
LTSt High-leve! wniput current NCLC=MAX | Viu=2 v 20| A
I Low-level npul surrent VOC=MAX, vy =0.4v —0.4) mA
Shariscircu t 54L.5 Fari'y -20 - 100
[ AX A
0s oulpul Current * VCCpMA 1 TAL S Famu, - 20 - 100 .
ICCH _ Supply current Toral, oulputs hugn (.2 24| ma
Voo =MAX
IccL  Supply cwrent Total, outputstow 3.6 6.6 ma
. Lverage per gate
1 Suppry curren vec=5v . A
ce e €% (50% ouly cycie) ’ -
‘Propagatior ociay time,
{ 9 15
PLH 1Ow-10-Rign-level aulpet Vee= SV Ta=25C. @
Propagation 0ce, ume CL =1I5PF, R =ene
'PHL Pgh-10-owleve output , L o B o
Pin Assignments (Top View)
Vi
@ @ e we Vi
vC(: BA  6Y SA Sy 4a ar 1y 64 6Y GND SvY sa A -y
w el el ) el v G 2 el o
. N I
«
w4 GND
J{>‘] f[>1 [Dl HOCIREIR L3064 Clkcull
1 1 1714 3 1 1
1A 1Y 2a 2y A 3Y GAD VA 2Y 24 voe 3a 3v 4A
positive logic :
Y=2 Resstor values shown are nominal and i ohms
1For conditions shown &5 MINor MAX, use tne Apropriale valve 1 unoer operaing

3AI typical values are a1 VGC= SV, Ta=25C

Nl more nan oo Oulpul acdd be $NCried a1 a Lime, and lor SNSH'/SNIH' ano SNS4S'/SNTAS’, Guration 0f short-Girowt should not

0x000d 1 B0
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5408,/7408 Quadruple 2-Input Positive-AND Gate

Schottky TTL High-Speed TTL Low-Power Schottky TTL $tandard TTL Low-Power TTL
i b A SRS S LIRSS
Package Package Package Package Package
Device Type Device Type Device T Device T Device Type | =TT lre
P [M[CF YPe IeTP [M[cH YPe TP IMICF P [cT P m[cH cle[mcF
T.1 SN54508 J 1 wi SNb54L S08 34 w | Snbaus J W SR
£t SN14508 TN SNT4L 508 3 Ino CNIA0E ThIN T
FAIRCHILD Tsase  Fssod 81 13 |F MS4H08 F M9H08 D | 1 | rmotoson - Fes 508 ol £9 | F m5406 F MSNOE O ) |
FCl4s08  FOysa RS 14 |F C74m08 F C9r08 D1 [P FOIALSR ~ How 50 i [*1 ¥ § FCla08 FCINOE |01 [P
OROLA MC3101 i F T %!
MoT MC3001 LilPT Fd{ SN1aL S08 X MC 1400 R |
NS.C . DM 54108 PEN CH DMs4L S0 o OM540H P 0 B T § ok __4» 2]
X DM 7408 13 INT DM74L S08 P D 1404 FICE DM 74,06 !
I
|
PHILIPS N74S08 ' N74-08 i N74L S08 ' N 140 ' £ i
GNETH S54H08 Fiifa "l 55408 b fa W ik
Si CS N74S 06 a1 NTAr08 Fafad NT4L 506 £ 1 NI40E G0 o S L B
SIBAENS FLH3L 1
AH S5
FUJITSY T ™ t
CHI e |
HITA HO 4L S0k P i HD740% / HD?S e o G
| 355
MITSUBISHI g = o - e~ mt—p
|
NEC 74L S 08 C PB4 01 3 S By
i
TOSHIBA T e X i e e 00 s
Electrical Characteristics SNS4LSOB SN74L508 "
absolule maximum ratings over ooeraling free sir lempersiure range
Suniy weler NCT ™ Onwinins, Fonas T shsacs - S5C e B
T W a v e sV tongr [ snucs gc_w Wt
e e v e s S 1o age lemoersle 10 ~ o8¢ 0 IWC vee
operating di b
SN54LSO8 SNTALSO8
D] NOM_ WAL | MN o war ] VY
Sy wooiace VOO .8 4 58 v 5 5.7 v
QuTPy
g Gl G (e ~ 800 - h X
Lomiwee Gulinl Cuten’ Ig ) [ "
Opwiaee Yoe s emedioe 1, -5 s [} ”n X
electrical charactenstics over recommended cperating e
free-air temperature range
PARAME TER TEST CONDITIONS t MIN TYP $ MAX [UNT
Vin nagn-ievel npul vollage 2 v
Vi Lowsieve: npul vollage el v
V) Input ciamy vollage Voo =MIN Iy = =18mA iy v
VEC=MIN, V=2V,
H " ; 4
Vou sgh-leve! outpul vollage Jow = MAX 2T 34 v
= NCC=MIN, v y=2v =
VoL Low-level Oulpul voilage loy = Ama 0.2t 04 v
[
" npul  current at Voo =MAX, V=1V 0.0 B
maximum inpul voilage
TS High-level input current Voo =MAX Vig=21v 20| wh
h Low-level wpul current VoC = MAX Vi =04V —0.4| mA
Short ewcunt S4L S Family | =20 — 100
[ =MAX A
05 oulpul current ¢ fec P 74L S Family | =20 T
3] &
IcCH__ Swenly current VoG = MAK Tolal, oulputs Mgh 2 8] mh
IccL  Supply current Tolal, oulpuls low 4.4 08| mA
Aveisge pergalc
\ =5V g A p
CC  Supply current VCe Ve | (508, Guty cycie) LR o $08 CIRCUIT
. Procagation oela) hime, " %
ik low -10-ugh-e ve! oulput vee= 5Y. Ta=25C "
. Propagation Oeiay Lime, CL=15F, R =20
PHL  pgh-to-tow-leve! wutput ‘G2
Pin Assignment (Top View) el
o o o on
VCC 4 4 & X W ¥ sots
e} 5} {17 [} fio) [9] [3] . »~ < '
8 T —
I : - . >
3 ‘1r
:D“ =r »
: 1
TF2HsH« s e 7 LS08 cmcuT
A B IY 24 28 ¥ GND
itive logic:
:':'A;" e Resstor values shown are nommal and » ohms
1 For conaitions shown ks MIN o MAX, use the appropriate vales o operng

3 All typcal values are at VoC=5V.
more than one Gulput should be shorted a1 a time, and for SNS4S'/SNTAS', duwalion of QUIpUl ShOMt OWOWT BNOUID NOL Ex0oed One wecond

* Not

e e e e et e

Ta=25C.
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S44T7TA/T44TA

BCD-to-Seveen Segment Decder/Driver ( 15V Output)

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power T
Device Type cp;ck::z = Device Type CP::": ::F Device Type CP::k::; A Device Type Cp:k;gZF Device Type .N C—?—Ek;—g]é;
T et 1 8 B 0 TR O P s T .
FAIRCHLD T 11
MOTOROLA o o = mi
Nsc 7= s e
PHLIPS rerer . { -....A_L;T B
SIGNETICS | T X % :
SIEMENS T 1
FUJITSU : 1S40 e T'I "
HTACH : - LT A 0 5 e
MTSUBISH t ey et
= : .. S miihs
TOSHBA 11 1 Sail

Electrical Characteristics

SNS54LS47A/SN74L.S47A

absolute maximum ratings over operating
free-air tempemature range

Pin Assignment (Top View)

Swply vollage. Ve v | Operaung treear G)
Inpu! voilage v ] lemperafure tange |ShI4 S RPurS
I
Gt ced nto | mA Siorage lemperalure fange —-65°Co 150°C -y
ANy Culpyt 0 Ine Oft sizle ’.]
recommended operating conditions
SN54LS4T7A SN74LS4TA [ 0
MIN  NOM MAX | MIN NOM MAX '
Supply voltage. Vo 4.5 5 55145 S _Segstan v
Ofi*state oulpu! voilage v (off) |a thee g 15 15 %
On-stae oulpul current. o {ef) 8 Wy g 12 24| mh 4
Hgn-level oulcul curret, 1OmM B:/RBD - 50 =501  wuA
Low-level outpu! current, QL BI'RBO 1.6 32| ma Pt LAMP RB.RB NEL 3 onD
Lpeiating free-ar temperature. T a4 ~ 45 125 0 0] °C wpUTs TEST WINTS sevis ‘w‘ e
electrica actstics over recommended operating Positive logc=see function laok
free-air tenperature range
PARAMETER » TEST CONDITIONS 1 MIN TY] MAX UNIT
Vin High-level npu!l volbge 2 v
Vi Low-level wipul vollaye 0 Vi
Inpul clamp vollage, any v
v v MIN, = =1gmA =L v
: nput except BI/RBO CoN y I 3
High-level : VECEMIN, Vig=2V,
v BI/RBO 2.4 42 v
UM output voltage Vi =08V IoH= —50u
I v =SMIN, V=2V,
oLz e 81/RBO S~ 0.25 04| V
oulpul voitage Vi =00V Igp=1.6mA
Ot~ ! v MAX, Wjy=2V,
10 (ott) o' Ny u g ) o 2501 A
current Vi Lm0 8. Vo (oi)=MAX
On-stat 1put VCC=MAX, Viu=2V.
oot e wea = R 025 04| v
vollage Vi =08V. 0 (""Z= 12mA
T
Input Current at! Any ngul
h maximum nput VCC=MAX, Vv =gy b |i
voilage excep! BI/RBO!
Highlevel wpul [Any npul
VCC=MAX, V=21V A
i ourrent excep! BI/RBO ce ¥ i
Any input nd
e docoieg ex0001B1/RBO [VGo=MAX, V/=0.4V mA
Wpul current BI/RBO -1.2
Short=circurt
1/RBO v MAX -0. - mA
‘os oulpul current o e g ¢
SNS4L S 1 13 NOTES © | . The planking input (B1) must be open or held al & Igh Iogic level when
VCC =MAX | A gh Kgic level wik
Icc  Suepiy current cc {snuLs 7 ) oulput tunctions O Incough 15 e 0esired  The fippie-blanking wput (RBI) must
tott Turn-ofl time trom Ainput L3 be open r Mugh if Dlatwiig Of & docimal zero 15 nOL desir e
ANk e b A wos! Vee=5v, Ta=25C. 100 2. When a low logic level 1S apphied diectly 10 the blanming input (B1), ail
._‘ﬁ sogment oulpuls we off regar dess of the level of any olher INput
| _lott Tun-otl ume from RBI wipul || =15pF, R =665 (L B 3. wnen ripple-blanking nput (RBI) and npuis A.B.C.8nd D we 81 & low
on Twn-on-time trom BRI nput 100 lovel with the lamp test npul high. all segment oulpuls go ofl and the
rppie-blanking outpul (RBO)goes 10 & low level (response condition)
4. When the blanking inpul/rnippre bianking output (BI/RBO) 1s apen or heig
gn and a low 18 apphed 10 the lemp-les! input, all segment oulpuls are on
£ BI/RBO s wrerAND loge serving as dlanking inpul  (BI)anas or ripple-
banking output (RBO).
1 For conditions shown a8 MIN or MAX, use the appropri ate value unoer for the type 1

3 Al typoal values are at Voo =5V, To=25C

a'lcen

measured with all oulputs open and all wpuls at 4.5V

lofl COreuponds 10 1p| AN |y, COMEspONds 10 1PHL .

CONTINUED On NEXT PaGE
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S544TA T44TA(CONRTINUED)

sutm 87

Function Table

DECIMAL INPUTS OUTPUTS
OR BI/RBO % NOTE
FUNCTION| LT |RBI[D C B A » b c ] . ! [

5 A S T S S H ON| on| on | oN| ow | on|oFF 1
1 LI o S S S SRR H OFF | ON| O~ |OFF |OFF | OFF |OFF '

2 H ) B 0l ezl SR H ON ON | OFF onN ON | UFF ON

3 Hl XL L HH " ON| ON| oOn | On|OFF |OFF | on

4 WY KA H OFF | ON|[ ON|OFF [CFF | on | ON

s H XL H L H H ON | OFF ON On | OFF ON OoN

6 H X gE: N L H OFF | OFF ON onN ON onN ON

1 Hlx|L H W H H ON | ON | on | OFF | OFF | OFF |oOFF

] Ci BT V0 e H On| ON] ON| On| ON]| On | on

E Wl x i oo H ON| ON| ON|OFF [OFF | ON| ON

10 REXIETE "L H OFF | OFF |OFF | onN | on [OFF | ON

1" H| x|H L H H H OFF |OFF | on | o~ | OFF | OFF | ON

12 G s T e H OFF | on [OFN | OFF [OFF | o~ | ON

5] H|l X |H H L H H ON [OFF |OFN | ON |OFF | on | ON

" H| X |H H H o H OFF | OFF | OFF on| on | on| ON

15 H| X IH H H # H OFF | OFF | OFF | OFF | OFF | OFF |OFF
8l XK Ly x X 2 OFF |OFF | OFF |OFF |OFF | OFF |OFF 2
RB! W™ L L L 0L i OFF | OFF | OFF | OFF | OFF | OFF | OFF 3
LT ] x {x x % N " ON | on| on| on| On| on| ON | 4

H=high devel. L =iow level. X =iTelvant

Schamatic
" uTPUT
- .
- WPuT () =
A
INPUT 1) )-mq: U OUTPUT
) 14 »
2 1:>[ %
D H
”:YL "‘d 00 CUTPUT
ol
H 4o

INPUT )
o TP L M oyTPUT
2

8/ RBO
BALNKING 4y RLOUTEY
YT oA = im -
RIPPLE-BLANKING B
ouTPUT

4 e
:E ] YN UTPUT
1

LAMP-TEST @
eyt
s sem
o s —:.'-'1 = m’l"‘"
PPLE-BLANKING —— -
~euT

'41A 'LSA4] 'LA7 BCD- TO- SEVEN- SEGMENT DECOER/DRIVER




101
5474 ,/T474 Dual D-Type Positive-Edge- Triggered Flip-Flop with Preset and Clear
Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package Package Package Package
Device Type Device Type Device Type Device Type Device Type
C |P |M|CF]| C|P|M|CF] C|P|M|CF] C|P|M|CF] C|P |M|CF]
T SNS4ST4 Q. 1] SNS4HT4 WO W2 SNSALST4 J wlf SNS4TL Jd w2 SNS4L T4 JINTTQ
iy SNIAS T4 D ING SNIHN J DIND SNYALST4 J@INT SINTATL JDIND SNTAL 74 JIIN:TT
FAIRCHILD FM54S74/F MISIOT F MS4HT4/F MSH14 |0 F Q] s/ rawsi [ P3| FMsa4/FMINTE [OT F
FC74514.'FC9574 |07 | AT F C1AHT4/FC9H 14 O | |PY) F Q| Krwsie rwsi ol | N FFCrata FCNTe [OT P 3
MOTOROLA ShiLsn o
NS.C. DM S4HT4 JAIND DMSAL S 74 P DM5474 )0 NG w2{DMSL 1 SN F2 |
& DMT4SH = NY DM 74H 74 JIIND DML S T4 CMI4T4 JA4 NG DML JA N F2
PHILIPS NT4S T4 T GJJI31/T4H T4 ) NT4L S T4 1] F)J131/ 1474 I
$54574 S54H 74 FULlAD wl i G5474 Fijal wl
SIGNETICS NT4STd NTaHT4 Falan NIALST4 a il 11414 Fifar
Slmm FLJidl .
FUJITSU o b Ty Y
HITACH HO74574 a[PT HO4LST4 P nD7474/HD2510 [
MITSUBISHI |57 R MIAL S 74 G M5121/M53Th P {
+
NEC TS c1 s c LFB204
T T
P Sp—- § S — o] ——ee - —4 B
TOSHIBA 1| Tcsana ¢ :} T I
Electrical Characteristics SNS4LST4/SN74LS74
sbaclute merimum ralings over operaung free s leamperature range
Sury v YOO W Qewhirg veree | ShiALS SWC W B . . : 3
nt op View
i vt [ weswsirs o [ NS o W Wo Pin ‘Assignments (Top )
Bowage o aiwrs g -8B w W \
Fertos O]
2
DA RTAEST4 wt Voo CLR 0 X PR XK
- WO MAK | eN . NOM Ak M.JT‘JM_JII [—'UM
Sy verlege VOO ah 3 38 lan ) "o v \§ T Ty
e A el 1On -0 - -
Low-wwe outm owtent, 101 “ . -
H e - L C C: @
Mot ¥ cee e 2% 5 '
. nighie ve' Gata 1 n!
Sr it ian Lowlevel w " "s
et ROIE 1 aaee £ St ol 1 21718 4 516 1
Orwrotey, Worrsw tomowoies 14 = | e %] < L N W0 GND |
LR
-locln_c.l characteristics over recommended operating Functional Table
free-air tempersture range - e 57
PARAMETER® TEST CONDITIONS 1| MIN_ TYP 1 MAX | UNIT 74 TUP-Spa'SY 4 (See Note'2)
Vi High-level wout vollage z V. ____INPUTS TouTPUTS
Vil Low-level wput voliage o8| Vv PRESET CLEAR CLOCK D -
vy Inpul_clamp voltage VO =MIN. 1= - mA “ib] v L7 H X B R
% VCC=MIN, Vjy=2Vv, H L X X L H
v High-level 5 4
an e i ' | ViL=0BV. IoH=MAK I Y L L X x H H*
VoC=MIN, V=2V, n ] 1 H H L
| B
VoL  Low-evel ouput voltage Vi =0.8V. Lig = 4mA 025 04} v " M 1 ‘ . o
D.J. K. 01 " H o x (o) 0,
Inpul cufrent al RS . T— TS S
' maximum input e VCo=EMAX, V(=Y s mA
: Preser ca F s 0.2 ]+
vollage x >
ok L UPT Functional Block Diagram
D.J.K, 20
Hign-ieve! Ciuar &0
I MAX, 2y
)z nputl current Preset VeoRy” & V1T 40 e
Ciock 20
0.J.K. -0 4 3% g
Low-ievel Clear -0.8 r\ )
1 = M =
L nput current D resel MG NAT Ve “os] ™ S
Cioch -0.4 j_( :
Snor1-cirouit Series 54L S -2 - 100 *—D'l il
105 VEo=MAX mA
outpul current @  [Series 74L S =20 - 100
Supply current
=MAX, § N 1 A W =
ice . vee o Nole 4 8| m
! CloCh_Irequency Veo=5v 25 13 MHZ ‘74 S74 WI& LST4 L74 DUAL DFLIPFLUP WiTr CLEAR ANC PHLSET
C =3V,
PLH | from clear. preset or clock ::‘.=IS'C. 9 L)
(as appropriate) 16 O o O T o
1PHL AL =200 PO
NGTES : 1 w.n all octputs ooen, |GG 15 Measured wiir tne O anc € Outputs hugr = furn
A1 the time of maesuwrement, Lhe CIOCK QUL 1S Qrounded
2 H=ngh level (steady siate). L =low lever (s1ead; stale). X =irrelevant
* = transition trom low 10 Mgh leve’
Qo=1tne leve: 0! U belore tne indiCated wp.t COML NS wele eslabisind
*Ths conhiguration 1s nonstabie . hat s, 11 wik NOL Dersist when presel
WNg Clear NPuLs return 10 thew inaClive (ngr) e vel
1For conditons shown as MIN or MAX, use Ihe appropiale value unger operating

TAI typoal values are at Voo =5V, Ta=28C.

*Nol more than one Oulpul snould be shosled Bt a Lime.

®1p| 4 ®r0pagation dulay time, low tcigh-leve' oulpul;
1P|, MProvagation deiay lime, Mgh-to-low-level output ;

The arrow indicale the edge of the ClOCh pulse used for relence:

112 the nising eoge
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5490 /7490

Decade Counter

<

-3

YRR,

oy

mits drivng the B input while mantaining ful fanout capability.
# 'max®maxmum count frequency.

IPLH ™ propagalon Goay time, 0w 10 hgh-evel outpu’

IPHL ™ Propegelion Gowy Lime, Ngn-io-ow lvel ouiat

Schottky TTL High-Speed TTL Low- Power Schottky TTL Standard TTL Low-Power TTL
Packsge Package Package Package Package
Device Type Device Type Device Type Device Type Device Type
clpImkr c|P[mfcF clp[mlcr clpimkr c|P[mlcF
Ti SNS4L 90 ans » | SNsas0a i | [wof sneac90a Jofn ]
eB¥ ShIa. 90 ) IN SNIAYIA | PR Sev 4L 904 3 e T1y
PSSR T Sw € F 1 F . J
FAIRCHILD i R R TR e )
' ’ H PAC heYC (. 5 i
MOTOROLA = v SNT4, S50 | AR A WMC 490 LR F |
NS C K= | | Cresd. $50 ! ] T [ owsaso 14 e w | Omsa. 83 3o T
St L T Yo O 590 3ok ol (LRI G oM % [N F
T oy i S A =1
i : {
eHILIS : L | Nu.sw [ T i3 ! S o
' S 490 4 | (s R R
| | <5440 ¥ A w |
SIGNETICS T R T W ssc T a1’ 1 |~y i (& 7 i
g S R T R
' DT | :
SIEMENS i i 8 TS et T FLIL ' \ T J
i B : - 1 —
FUJITSU A e . : i . LI
8 723 T : e
HITACHI 1 PR e nC 4. $90 Fi 1 Iroraz nozsiet IF tEak |
T 5 S | 45
H H | e
MITSUBISH T ] D! | M4 S 90 B NEIZYL (BRG] Y
T 1 T
NEC - —- - ' i — .
¥ N 1.
1 (4 i g R B |
TOSHIBA T P @8 o = T e
Electrical Characteristics SN54LS /SN74LSS0A Pin Assignment (Top View)
NFUT ) b
apsolute maximum ratings over operating free-air temperature range J r,‘T| Ll’.‘ “';]
“f = ;—._,
Suopy vutede Voo l v Cperaling tree-an SN3_S).—55C 0. U25°C F
Nput vO'taye v lemoeratore fange | SNTALS 0C to 0C T
Interematier vonlage (see Note 1) { 5 Sv Slorage 1€mpel Lluit range -85C W 150C L A 3
W N cnierre connechor
recommended operating conditions r B
Ro i kg
| snoaLssoa SN74L590A
[WiN_NOM MAX [WiN_NOM WAX | 24T ! l 1
Swn, votage. Voo T A== . & I T e
Highreve: Gulput CArent lon ST ~a00 | b TR foa NE Vg By1 Ay
LOow-ive' Oulpul current, | 4 8! mA ¥ A
e - Aot Vo 32] .0 32 Function Table
C 1 Y - MHz BCD COUNT SEGQUENCE BIUGUANARY (2°1) RESET COUNT
QNTINSRICY. 1 count B input [) 6] .0 16 WA LEW LI (Bes Mete D) WA LEK LI (See Mute ) DA LEK LI (Bes Mete 1)
A input L) 191 15 [ eureut ouTPUY WERET PeUTS ouTPUT
Puise width. 1, 8 inpul ) £ ns e O Ga Gp Gc oy Rei Rz Asi My |GO OC O QA
Reset inputs 15.¢ 15 I Ve ) L vEt GlLe " " . R e Y
Y 5 : ' (S S . ' O LB " ~ x L A, A o
esel mactive-siate selup. lyerun (B 25 as L ML Al i RARSRE LA
Operaling free-av tamperature. T a [-ss 126] 0 0] € § P, SR P s RS o i
electrical charscteristics over recommanded operating N s wsib A v m bk | s e S Count
. s it Ll Y R L » L L Count
fr air temperature range ¢ fowowo . o L e » L L x COUNT
PARAMETER * TEST CONDITIONS t MIN TYP 3 MAX | UNT T A n L it e
Vi Huheievel wnpul voliage 2 v : L’: ': : : : 0 : :‘ :'
Vi Low-level input voilage 2.8 v
Vi ngut clamg . voltage Voo = MN Iy = - 1§mA vl \ Functional Block Diag”‘m
VEE=MN,  Viu=2v. 1 (hoe Mo d®
High- b) " v
VoM igh-level oulput voilage Vi =0 6V: 1ok = - 400.A 2 3 :‘ :
. VOO =MIN. V=2V, 5 ]
VoL  Low-level outpul vollage vy =0 av. G g 0.35 0% V¥ [ L —
Input current @ Any fese! Ve - MAX, v =V = 01
n maximum input A inpul Voo =MAXL. Vi=$.5V 02| ma
volboe  [Buws ] 7 oi
o N Any tesel 20!
WH ap-iev A nput VOC=MAX, V= 2.7V 40| wA
nput current 1
1B iput 80| -
Any feset -0 a
Lowleve! —
e A nput VCC=MAX, V;=0.4V -2.4| mA
gt Current
B input 3.2
Snoci-cwcuil [ snsas [ -20 - 100
1 VoC=MAX 'y
0S5 o iput curent ® 8c [snuLs [-20 “io0! ™
toc Supely current Voo =MAX,  See Note? 9 15 ma
~ trar A 10.0utpat O
‘mas trom B 10 ouiput 0‘ 3. beates
t Op . 16 NOTES: 1. This 15 the vollage Leiwesn Iwo emilters Of & mulliple-emitier transistor. For
PLH B ek b 0 10 16 ~ i cucul, Ihis rating appies belween the two R inputs,and i1 alsd applies
[ 12 18 belween the two Rg inpuls.
PLm Vee=5V 32 48 2 IcC '8 measwed wilh all oulputs open. both Rp inputs grounded fo.owing mo-
vy from A 10 output Qp T:‘-ZS'C 3¢ 50 ns mentary oonnechion I 4.5 V.and all other Mpuls grounded.
e CuL = 15pF, 0 T3 2. Output Qpa s unecied 10 mpul B for BCD ocount.
(. from B 10 ouiputl Qg RL =2xQ ns Cutput Qp 13 0OWeECied 10 Mpul A for birgueiary Gaunt
1PHL 14 21 H=ngh level, L=icw level. X =wrelevant.
[ 21 -32 4. The J and K nputs shown wilhoul CONNECtion e for reter
i ns eherance only and we
PHL VD %o autaut DG 23 35 tunctionally at 8 mgh level
PLH 21 3
t
T trom B 10 output Qp 23 3 ns 1For condinons shown as MIN or MAX, use the appropriate value specified under *
- r operating for the apphcable hype.
0 A
IPHL [ et g hr Aoy dugin 2: ; Lo A typical values are st Vpp=5v,Ta=25C v
PLH | rom Sel-1o-% 1o output O4. Op 2 0 | ns | ® Not more than one output snould be shorted at a bme. .
tpHL | from Set-10-9 10 output Og. Cc 26 40 § QuOutputs are tested at IOL =16mA plus the bmit vakie for ij_for the B mput This

w
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