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ABSTRACT

This thesis presents an Electrical Wheel Chair to make the convenlence for

sickness person and other people .

the

Electrical Wheel Chair is specially focused on the comfortable system to help

users to control it self .The Electrical Wheel Chair has it own boby balance control crash

warning , caterry charger and braking system .
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‘_ SGS-THOMSON LM124
Y/ ICROELECTRONICS LM224 - LM324

LOW POWER QUAD OPERATIONAL AMPLIFIERS

» LARGEVOLTAGE GAIN : 100dB

» VERY LOW SUPPLY CURRENT/AMPLI :
375A

= LOW INPUT BIAS CURRENT : 20nA

» LOW INPUT OFFSET VOLTAGE : 5mV max.
{for more accurate applicatians, use the equivaient parts
LM 124A-IM224 ALMT24A which feamre 3mY max)

« LOW INPUT OFFSET CURRENT : 2nA

= WIDE POWER SUPPLY RANGE :
SINGLE SUPPLY : +3V TO +30V

DUAL SUPPLIES ; £1.5V TO +15V N D
DIP14 5014
{Piastic Package} {Plastic Micropackage}
DESCRIPTION

These circuits consist of four independent, high
gain, internally frequency compensated operationa) ~ ORDER CODES

amplifiers which were designedspecifically for auto- Pack

fTotive and i;'ldusirial contrc:i systerns. '_r:;ey opera;af m':,::,r T’"ﬁ';:’;"m N : ageD
om a single power supply over a wide range -

voltages. Operatian from split power supplies is also LM124 5&;:0, + 25:(3 * *

possible and the iow power supply current drain is LM224 <40°C. +108 C . .

independentof the magnitude of the power supply LM324 0°C, +70°C b .

voltage., Example ; LM224N

PIN CONNECTIONS (top view)

Output 1 1 j 14 Output 4
{rverting Tnput 1 j 13 Inverting lnput 4
Non-inverting nput 1 j 12 WNon-inverting lnput 4

2 O
3
vect 4 [ 7 11 vee-
MNon-mverting Input2  § E j 10 Non-invening Input 3
Invenmg Input2 6 Ej>’ ’@j 9  Tnvertng Input 3
Qutput 2 7 I: j 8 Qurput 3

Octsber 1996 1

124-11 8l

124-11 £P5
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SCHEMATIC DIAGRAM (1/4 LM124)

Inve ring
mput Ql

Non-inverting ...
input U

160pA

Qurput

ABSOLUTE MAXIMUM RATINGS
|_symbal Parameter IM124 | Lm224 | IM324_ | Unit
Vec Supply Voitage £16 or 32 vV
Vi input Voltage -0.3 to +32 v
Vid Differential input Voltage - {*) +32 +32 +32 \
P Power Dissipation N Suffix 500 500 500 mw
I Suffix - 400 400 myv
- Output Short-circuit Buration - (note 1) Infinite
i input Cument — (note 6) 50 50 50 mA
Toper Operating Free Air Temperature Range S5 to+126 ¢ 40to +105 Qto +70 °C
Tetg Storage Temperature Ranga 65 to+150 | -A5to +1580 | -65fo +150 °c

= P73 R

A4-02 EPS

129-632 Tal,
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LM124 - LM224 - LM324

ELECTRICAL CHARACTERISTICS
Vee” = +5V, Voo™ = Ground, Vo = 1.4V, Tamb = +25°C (unless otherwise specified)

Symbol

Parameter

LH124 - LM224 - LW324

Unit

Typ. Max.

Vio

input Offset Voltage (note 3)
Tamb = +25°C
LM324

£ M324

Tmin. < Tamb < Tonax.

my
2

0=~ tn

Input Offset Curent
Tgmb = +25°C
Tenin. £ Tamb € Tmax.

input Bias Current {note 2}
Tamb = +25°C
Tinin. < Tamb < Tomax.

20 150
300

Large Signai Voltage (Gain

(Voo = +15V, Ri = 2k, Vo = 1.4V 0 11.4V)
Tawe = +25°C
Tonin. < Tamb € Trmae.

50
25

Vimy
100

SVR

Supply Voitage Rejection Ratio (Rs < 10kil)
(Veg™ = 5v to 30V)
Tamp = +25°C

Tmin. < Tamb € Tmax.

85
85

dB
110

oo

Supply Current, all Amp, ne load
Tams = +ZSEC Voo = H3V
Voo = +30V
Vec = +5V

Trin. € Tamb € Treax.
Ve = +30V

12
3
1.2
3

tn o T~

Viem

Input Common Mode Voltage Range
(Vg = +30V) - (note 4)
Tamn = +25°C

Tonin. < Tamb < Tmax.

Vee -1.5
Veg -2

CMR

Common-made Rejection Ratio (Rs < 10k£2)
Tame = ¥25°C
Tiin. < Tamb < Tmax

%
80

ds

lsource

Output Current Source (Vig = +1V)
Voo = +15V, V, = +2V

20

lsink

Qutput Sink Cument (Vig = -1V)
Vee = +18V, Vo = +2Y
Vee = +18V, Vo = +0.2V

10
12

&
2|53

Short, Cirouit to Grund
Voo = +15Y

a0

5

3N

12403 TBL
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LM224 - LM324

ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter L.M124 - LM224 - L3293 Unit
Min. Typ. l Max.
Van High Level Outpul Volage W
Veg = +30V)
Tams = +25°C Ry = 2k} 28 27
Trin- < Tamg € T, 28
Tamb = +25°C R = 10k£} 27 28
Tmin- € Tamts € Tmax. 27
(Voo = +5V, Ry = 2k
Tamb = +25°C 35
Tmin- % Tamb € T 3
VoL Low Level Ougut Voltage {RL = 10kL2) my
Tamb = +25°C 5 20
T % Tamp < Teraxe 20
SR Stew Rale Vips
Voo = 16V, Vi = 0.5t0 3V, Ry = 2k}, Cy = 100pF,
Tamn = +26°C, unity gain) 0.4
GBP Gain Bandwidth Product MHz
Vee = 30V, f = 100kHz, Tamb = +25°C, Vi = 10mV
Ry = 2kQ, G = 100pF 1.3
THD Tetal Hanmorec Distortion %
f= tkHz, Ay = 20dB, R = 2k, Vo = 2V,
CL = 100pF, Tame = +25°C, Vec = 3V 0.015
By Equivalent input Noise Voltage i s
f = tkHz, R = 100K}, Vo = 30V 40 YAz
DVie input Offset Voltage Drift 7 30 uvreC
Do Inpeat Offset Current Drift 10 200 PASG
VolMo2 | Channel Separation (note 5) daB
1kHz < f < 20kHz2 120
Motes : 1. Short-circuits fram the output ta Voo ¢an cause excessive heating if Yec > 15¥. The maximum output current
is approximately 40mA independent of the magnitude of Vcc. Destructive dissipation can result from simutta-
neous shori-cirenit on all amplifiers.

2. The direction of the input current is out of the IC. This current is essentially congiant, indspendent of the state
of the output 50 no loading change exists an the inpuf lines.

3 Vo= 1.4V, Ry = 00, 5V « Ve <30V, 0 < Vi < Ve - 1.5V

4, The input comman-meode voltage of either input signal veitage stould not be allowed to go negative by more
than 0.3V. The upper end of the comman-made voltage range is Vee” - 1.5V, but either of both inputs can go
to +32Y without damage.

5, Due ta the proximity of external components insure that coupling is not originating via stray capacitance be-
tween these external parts. This typically can he detected as this type of capacitance increases at higher fre-
QUAaNces.

6. This input current only exists when the vollage at any af the input teads is driven negative. Itis due to the
collector-base junction of the input PNP transistor becoming forward biased and thereby acting as input di-
gdes clamps. [n addition o this diode action, thera is also NPHN parasitic action on the |G chip. this ransistar
action can cause the oulput voltages of the Op-amps to go to the Vee voltage level (or to ground for a large
overdrive] for the me duration than an input is driven negative.

This is not destructive and narmal ouiput will set up again for input voltage higher than -0.3V.
411

12404 T
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IPUT BAS CURRENT
] MEHT TEMPERATURE
18 {nA) 24
H
18

QAIN BANDWIDTH PRODUCT (biHr)

INPUT VOLTADE V1

LM124/224/224
]

-
an

5535-15 8 25 45 85 85 105125
AMBIENT TEMPERATURE {C)

WPUT YOLTAGE AANGE
%
1} /
Nagathn /
[ ]
’ /
| ] H 1%
PFOWER BUFPLY YOLTAGE (N
GAIN BANDWIDTH PRODUCT

1.5
1.3
1.7 B

12 \k

N

115

1.1
1.05 b

1

P

A5 9 15 5 25 45 5 65 105 125

AMBIENT TEMPERATURE (C)

L2403 EHS

1M-05.EPS

&
]
E]
-
o

CURNENT LIETWNG (Gioss &
= S B A

» |°'—'
n o
£ 1
- — :
PreSunins
3= P
5 » +
En bt -
" ol

TEMPERATURE "1

SUPPLY CLURRENT

mA

B 1
Yoo

o

Tymb =0 Cto+125 C

SUPPLY CURRENT (mA)
L)

/'

Tamp =-55C
1 1

o

la pratl EL

POSITIVE SUPPLY VOLTAGE (\)

COMMON-MDDE REMICTION RATID idB)

511

-0 EHE

124356 EFE

1Ed-D5.255
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LM124 - LM224 - LM324

wl
iF ]
§ ™ 3
; - ;
g = A\ FCLT, 12 3 INT T T
5 amb% + B | Lt
E Sl Mk
'o‘ L | ‘i 5 ) i | I_4 LI
> E H i H] A
» M=+1w sV E a | ' e
~BC< T + 12°C N\ T, . !
1 | S . il | I
TN BN Il ' % B B | 11 L] El ] 1]
FREQUENCY M) FREGUENCY {Hz)
VOLTAGE FOLLOWER PULEE RESFORSE ouTRUT
5 FCURRENT SINKING)
g 4 T T " T
a2u0 e Voc -
E 3 vi..+15vV V§-”‘“
vi._+@mV
1 $ 4
5 ot
£ I E
— |
o 3 é
: < P
e 3
w
2 12
-
§ 1
F
E ] " n » »
=

BUREAA |
- . v z
Lyl ﬁ*
0 =
E ]
gu :'_Iy In’“'fh ﬁ
2 1 =1 E
: (] - §
5™ Outpnt €
E g
o= T-*=+ﬁ- E i
vgs..-rl\' . .
ml 1 7 01 4 5 8 1 & Emm L. mnoow
TIME |an) D QUTPUT SOURCE CUMRENT (ma)
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T CURRENT
1
i %
§f =
g
= + 20
5 » .
2
[ ] "w a »
FOWEN SUPFLY VOLTAGE W

124-10.EPS

POWER BUPPLY & COMMON WODE
REJECTION RATIO

{dH 120 |
E 115

& 10

a
Sg 105

= 100

& o5
‘I
i

55
22 0
-
E n [ ]
85.95-15 5 25 45 05 85 105125

AMBIENT TEMPERATURE (°C)

12412 EFS

TYPICAL SINGLE - SUPPLY APPLICATIONS
AC COUPLED INVERTING AMPLIFIER

“T L]

R, ~20kn

VOLTAGE QAN o8]

POWER BUMFLY VOLTAGE (V)

Avd{dB} LARGE SIGNAL YOLTAQE GAIM

120

i L

a

u 115

2 »

E 110 ‘//
/r

T

& 1pafe

W

g 100

55 -35-15 5 25 45 65 00 105125
AMBIEENT TEMPERATURE {-C)

AC COUPLED NON-INVERTING AMPLIFIER

_ R
Ao
(58 thawn A =10}

124-14 EPS

#1 ¥
Tk 3] §o -R2
Avtiegt
¢l tus shuwn A - £
O.ILII";
MEEP
%
R
10

124-11 EPS

113 ERS

124 1S5RS

E

M
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TYPICAL SINGLE - SUPPLY APPLICATIONS

NON-INVERTING DC GAIN

DC SUMMING AMPLIFIER

. R2
=
Ay 1]
Al shownAy = 101)
i -
RZ E
ThE
R1 ? £
Y]
& imY)

124-18 EPS

ey 100kQ

H;Ij

o keap 8, > OV

HIGH INPUT Z ADJUSTABLE GAIN DC
INSTRUMENTATION AMPLIFIER

LOW DRIFT PEAK DETECTOR

fRi=Rsand Ra=Rs=Ra=Ry

eo=“+2§211(32—9ﬂ

AS shown Bo = 101 {5 - 84,

1M WEPS

12417 £P§

1415 LS

811

g
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TYPICAL SINGLE - SUPPLY APPLICATIONS
ACTIVER BANDPASS FILTER HIGH {NPUT Z, DC DIFFERENTIAL AMPLIFIER

Ry Ry
Fa_...... = —
Rz Ra
{CMRR depends on this resistor ratio match)

R
eo {1+ Ra) (e e1)

As shown &, = (& - &1}
Fao = 1kHz

Q=50
Ay =100 {40dB)

1A EFS

USING SYMMETRICAL AMPLIFIERS TO REDUCE INPUT CURRENT {GENERAL CONCEPT)

- Aux. ampiifier for input
I current compensation

8N

12421 FPS

1420 RS
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PACKAGE MECHANICAL DATA
14 PINS - PLASTIC DIP

EFM [IF1% EFS

d
. -
]-r J -
b B " E
4 1
. P 1
D
O rirt
“ ]
[T
1 7
| NN A N N AU N |
Dimensions Milimeters Inches
Min. Typ. Max, Min. Tvp. Max,
EL 0.51 0.020
B 1.39 1.65 0.053 0.065
b 0.5 0.020
b1 0.25 0.010
3} 20 0.787
E 85 0335
] 2.54 0.100
el 15.24 0.6800
F 71 0.280
C 5.1 001
L 33 0.130
Z 1.27 254 0.050 0.100

1011

[HE 1 TOL,
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PACKAGE MECHANICAL DATA
14 PINS - PLASTIC MICROPACKAGE {S0)

|
Dimensions Millimeters inches
Min, Typ. Max. Min. | Typ. Max,
A 175 0.069
at 0.1 92 0.0D4 ©.508
a2 1.8 0.063
b 0.35 0.46 0.014 0.018
b1 0.19 ! 0.25 0.007 2610
C | 2.5 0.020
<1 45° {typ.)
D .55 8.75 0.336 0.334
E 5.8 B.2 0.228 0.244 |
) 1.27 0.050 ‘
el 7.62 0.300
F 3.8 4.0 0.150 0.157
G 4.8 5.3 0.181 0.208
L 0.5 1.27 0.020 0.050
M 1 | _o0&s | 0.027
S 8° (max.) ]

Inf ormation fumished is Delewed to be accurate and reliable, However, SOS-THOMSON Microelectronics aseumes N0 regponsi-
bility for the consaquences of use of such informatjon nor for any infringement of patents or othes rights of third parties which
may resuit from jte use. No license is grantad by implication or otherwise under any patant or patent rights of SGE-THOMSON
Microalectronics. SpecHication mentioned in this publication are subject to change without notice, This publication supersedes
and replaces all Information previousty suppiled. SGS-THOMSON Mictaslecionics products 87 ot authorized for Uee ay critteal
components in IHe support devices or systems without express written approval of 53S.THOMSON Microalsctronics.

i 1996 BGS-THOMS ON Microslectronics — Primted in Haly — All Rights Rexerved
SGS-THOMEON Ricroslectronica GROUP aF COMPANIES

Austraila - Brazil - Canada - China - France - Germany - Hong Konp - haty - Japan - Korea - Malaysia - Mailta - Morocco
The Netherands . Singapors - Spain - Sweden - Switzeriand - Tatwan - Thailand - United Kingdom - U.S.4,

o7 1B

11111

PM-5014 EPS
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&thiona! Semiconductor

LM3914 Dot/Bar Display Driver

General Description

The LM3914 15 a monokthic imegraled circuit that senses
analog votlage levels and drives 10 LEDs, providing a linaar
analog display. A single pin changes e display from a
moving dot to a bar graph. Curent drive to the LEDs is
regutalad and programmabla, sfiminating the need for resis-
tora. This feature is ong that allows operation of e whole
system from less than 3v.

The circuit contains its own adjustable reference and accu-
ralg 10-step votage divider. The low-bias-current input buf-
ar accepls signals down o ground, or ¥V —, yel needs no
proiection sgainst inpuls of 35Y above or below ground.
Thie buffer drivea 10 individual comparators referenced to
the precision dividar. Indichtion non-ingarty can thus be
hald typically to 4%, aven ower a wide temperaiure rnge.

Varsatility was designed into the LM3%14 so that controdlar,
visual alarm, snd expandad scele functions are sasily addad
o t¢ the display syslem. The circuil can drive LEDS of many
eelors, or jow-cwATen! incandescent lamps Many LM3914s
can ba "chained” 1 form displays of 20 1o over 100 sag-
ments. Both ends of the vollage divider are ewtemally avail-
able 56 that 2 drivers can be made into a zero-center matar.
The LM3%14 is very easy Lo apply as an analog meter cir-
cuit. A 1.2V full-scale meter requires only 1 resistor and a
single 3¥ to 15V supply in addilion to the 10 displey LEDs. If
the 1 resistor i 2 pot. it becomes the LED brightnass con-
trol. The simplified block diagram iilustrates this etremety
simpla axlamal circuitry.

Whan in the dot mods, there is 8 small amount of averlap or
“lade” (aboui 1 mV} balwesn segmants. This Aasurea that
at no fime witl &t LEDs be “OFF”, ard fias amy amiguous
display is avorded. Various nowel displays are possitie.

February 1995

Much of the display flexibitty derives from the fact thai all
outpuls are individual, DC requlaled curents. Warious ef-
fects can be gchieved by modulating thesa cuments. The
indivigdual outpuls can drive a ransistor as wall as & LED at
tha same time, so comrodler functions including "siaging”
control can be performed. The LM3914 can also act as a
PrOgTAMME!, OF BHQUENCEN.

The LM3914 is rawed for operation from 0*°C 1o +70°C. Tha
LM3914N js gvailable in an 18-lead mekled (W) package.
The milowing typical application Hiustrales adjusling of the
reference 1o & deaired vaiue, and proper grounding for accu-
rate operation, amd avoiding oscillations.

Features

u Drives LEDs. LCDs or vacuum Hucescens

u Bar or dot daplay mode exiemaky selectable by usar

B Expandable lo displaya of 100 sieps

B imsamal volage rafarence from 1.2V 10 12V

8 Cperates wilh singla supply of |esa than 3¥

& inpuls cperale down to ground

¥ Oulput currerl programmable rom 2 ma to 30 mA

B No multiplex awitching or interaction between outputs

W Input withatanda +35Y without damage or false cutputs

B LED driver oulpuls are current regulated, open-collec-
tra

= Ouipuls can inlefece with TTL or CMOS ogic

¥ The internal 10-slap divider is floating and can be refer-
enced lo a wide range of vollages

Typical Applications

aV to 5V Bar Greph Meter

LEN

Note 1: Grounding method iz typecat ol 4% LBos.
The 2.2 pF anteum or 10 iF alumioum aleciro-
Iytie capacior is needed if laads to tha LED sup-
piy are 8" o longar.

Lt o]

. H2)
HB!CI.!\!::'IH(! Ty

_ 128

4 o —
LED =T

TLHATRT=1

55 Hat TLSHTHTD

RRD-EEMHA 115/ Printed i LI 5. A.

19A1Qq AeldsiQ 1eg/10Q YLEEWT
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Absolute Maximum Ratings

I Mlitary/Aervapace specified devices aré required,
please comact the Natlonal Semiconductor Saeies
Office/Distributors for availabildy and specications

Power Dissipation {Note 5)

Molded DIP (N} 1385 mw
Supply Voltage 25
Vatage on Quiput Drivers 25V
input Signal Ovarvoilage {Note 3) +35¢
Diviger Vollage —100myio W+
Raterance Load Curmant 10 mA

Electrical Characteristics (votes 1and3)

Storage Temperatura Ranga -55*C o +150°C

Soldering Information
Dual-In-Line Package

Soldenng (10 seconds) 260°C
Plastic Chip Carrier Package

Vapor Phase (60 seconds) 215°C

Infranad {15 secands) 220°C

Sea AN-4SD “Suriace Wountng WMethods ard Thelr Effect
on Product Aeliability” for other methods of sokdening sur-
face mournl devicas.

Parameter [ Conditions (Note 1) [ [ typ [ Max | unie
COMPARATOR
Ofisst Voitage, Buffer and First OV < YRio = VR = 18V, 3 10 mv
Comperator ILgp = 1 mA
Ofisen Voltage, Buffer and Any Other OV < VaLg = YR = 12V, 3 15 v
Comparator lLepy = 1 mA
Gain {Al gp/ AVin) Irer) = 2MA Jigp = 10 mA 3 L] mA/mv
Input Bias Current (at Pin 5) OV = Vi = V+ — 15V 25 100 nA
Input Signal Overvoltage No Chenge in Display —35 35 Vv
VOLTAGE-DIVIDER
Divider Resigtance Total, PinGtn 4 8 12 17 ksl
Acturacy (Nota 2} 0.5 2 %
VOLTAGE REFERENCE
Cutput Voltage 31 m:vsl;.EI;(R:E?Vi; 4mA, 1.2 128 134 v
Une Regulation e P - - 1) 0.01 0.03 T iV
i A = <
Load Aegulation 3 1 n; VLE;[H:?V 4 mA, 0.4 2 %
Oulput Voltage Change with PG « Ta & +70°C, | jpem = 1 mA, 1 %
Temperature Vo= 5y
Adjust Pin Cumrent 75 120 et
QUTPUT DRIVERS
LED Currant V+ = Vigp = 5V. 1 AgF) = 1 MA ? 10 13 mé
LED Currgnt Differance {Between Viep = S LEQ = 2mh 0.2 0.4 mA
Largest and Smallest LED Currents) ILep = 20 mA 1.2 5
LED Current Regulation 2V < M gp = 17V _|; = ZmA &1 0.25 mA
fEp = 20 mA 1 3
Cropout Voltage Ieoony = 20mA. Viegp = 5V, 15 v
"'ILED =2 mA
Szluration Voltage ILgp = 2.0 mA, |LIF|_E_F] = 0.4 mA 0.15 0.4 ¥
OCutpul Leakaga, Each Collector (Bar Mods} {(Nola 4} 0.1 10
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Electrical Characteristics (owe 1) (Contnuad)

Parameter [ Conditions (Note 1} [ wn | 1vp [ Max [ unis
OUTPUT DRIVERS (Continued)

Cutput Leakage (Dot Mode) (Note 4} Pins 10-18 0.1 1Q .
" Pir 3 50 150 450 s
SUPPLY CURRENT

Slandby Supply Curent V4 = 5V, lmer, = 02 MA | 24 42 m

{All Qutputs Of) v+ = 20V, | mery = 1.0 mA | s 9.2 mA

Nots 1: Uniess otherwise stiad, Al specifications apply with e iowin conditions:

Bvps 4 WY L I
Voo s ¥gp 2 WY
SOOTEY S Ve & 12 Ve
wOLEY Yy 5 12 Vpe
Far Tignas POwer dRAREGOM, s Wi iy e,

Vrgn Ve Vg = MY -8
DV s My = W+ — L5V

Ta = +25C, Ipgp = 0.2 ma, Yien = 30V, pin 9 coniected Lo pin 3 (Bar Mods).

Mate 3 ACCU Ay is mAASuIed rafarred W 410,000 Vi 41 pin 5, with 0.000 Vo at pin 4. At lowsr hl-scala voitages, bufler and comparats ¢set volage may and

snilicani arror,

Mate 3: Fin 5 inpul cument musl ba bmiad i +3 A The aifition of ¢ 3% ression in saney with gin 5 allows £ 100Y signily wikoul dameps.
Mots 4: Bar meda resulls whon [n © 15 within 20 my o ¥+, Dot Moda results when pin 9 s pulled at kaas! 200 MV balow v+ of laft open clreun. LED No. 19 pin 10

aunput curent! is cisatied if pin § 15 Piked 0.8 OF More balow V) o

Nats & Tha Madrmam Jncitn tempeaire of e LMIS14 is 100°C. Devices muzt be demied for lizn al al d Juncticn to ambier tharmal

raggtance 1§ SECHN Tor e moed TR (N pachags).

Definition of Terms

Accurscy: The diterence betwesn the Coserved Trreshoid
vollage and the ideal threshold voltage for each compare-
tor. Specified and teslad with 10V across the internal volt-
oga dividar so that tesistor ralia matching eror predomi-
hat@s ower comparator offset voltege.

Adjust Pin Current Cumer flowing out ot tha raferance
adiugt pin when the raference amplifier is in e linsar re-
gion.

Camparatar Gain: The ratio of the changa in cutput curent
{l_ep) t0 the change i ingul voltage [V)y) required to pro-
duce il for a comparalor in the linear region,

Dropout Voltsge: The voltage measured at the cument
source oUtpuls required to make the outpul current fall by
10%.

Input Blas Current Current flowing oul of the signal input
whien the input bulfer is in the linear region.

LED Curent Reguistior: The changa in output curcant
over the spedified range of LED supply volage (Vi) as
megsured At he currant source guiputs. As the forward voll-
age of #n (ED does nol change significantly with a smaif
change in forward currant, this is equivalent 1o changing the
wohage at the LEDD anodes Dy the same amount.

Line Aeguletion: The avarege change in referonce oytput
vollage Over the épecihed ranga ot supply voltage (V +),
Lioad Réguistton: The change in relerence outpul voltage
{VRer) over the specfied range of loed cument (I ReR)-
Otinet Voliage: The differsrial input voltage which must
ba appliey to aach comparator to bias the output in the
linear ragion. Most sigrificant @rmor when Lhe voltage across
the intemal voltage divider is small. Specified and tesied
with pin & voltage (V) equal to pin 4 votage (VaLo).
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Typical Performance Characteristics

AINFLY CURAENT (A T MN 3F

NPUT CURRENT [mAt REFENEMCE ADJUST FIN CURRENT Lol

CIVIDER AESISTANCE IMGRMALIZED)

Supply Current va
Temperalure
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. T ¥ RN
- v |
1] o w—
- |
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CURRENT - 1mA
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[ ] n o M
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»
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- mumy

» raal
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— | WITH STARLE
1k REMETCA

Rt o 25 L 3
TEMPERATURE OCH

I AN IMNAD LTI

OROFOUT VOLIAGE IV, AT WHICH LED
CHPMRENT KAS DECREARID 1) HIAK CURRENT ink)

LED CURRENT {mi}

LOMMIN-MADE LIMITS (W]

Operating input Blas
Current vs Temperature

1% W T
TENPLRATUSE ()

LED Current-Regulstlan
Dropout

2P —

LED CURRENT juk}

LED Current v
Reference Loading
u F
/
4
» - ,/
TarA'E
»
n
F.
"
]
[ TR TR TR T URY ]
AEP EMLISCE LOA N CLAWERT by
Cammon-Nods Limiis
v T
] [ I
T ! T
.y | herchren TaposvE |
ML S
-1k = . ———]
=10
| wecanvE cameon wope - —
LAMT WELUBEE CADUND

L} n L] L] [1]
VEMMERA TRAE [

LE CURRENT iNA)

RMEFERENCE WOLTALE W)

SATUAATION VOLTAGE (¥ AT LAINTA PIRY}

QWP CUNKENT Lad]

[

ne
ny

s

Refersnce Yollage vs
Temperature

L
+

_

|——— NEF ALASTER FO IOV

[ AEF A0y o captaDED ~

|

! |

¢ 5 B B
TEMPERATURE {°CH

LED Driver Saturation
Yoltage

| i
| mereaEnce Loancunpent = _|
LED CURNENT

/l.-l":_
v

W

1A TIWLTEN JINANT I

LED CURREAT {mA)

LED Cyiver Currsnt
Reguistion

|_--""'—‘

T

pa i AEF L0AD + {nd

[

AlF LAl -0
13 |

[} 5 i [L] A -

LED BT vaLTAGE i¥)

Quiput Characteristics

] 1
Ty 1L

T el
f

il

[T I TR TR 7]

OHTPUT VALTAGEV)

s | m3uNBD 031

L

18

TLAH/7870-2




85

Block Diagram {Showing Simplest Application)
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Functional Description

The simplifad LM3914 block diagram s 1o giva the genaral
tdea of tha circuit's oparation. A high inpul impedance bufler
operates with signals from ground 1o 12V, and is protected
sgainst reverse and overvoltage signals. The signal is Lhen
appliad 1o & series of 10 comparators; each of which is bi-
asad 10 a diffaranl comparison kved by the redistor string.
In the example illustrated, the resislor string is connecled fo
the internal 1.25Y reference voitage, In Lhis case, for sach
125 mv that the input signal increases, a comparalor will
swilch oh another indicating LED. This resistor divider can
be connected between any 2 vollagas, providng that thay
are 1.5V below V' and no less than V. if an expended
scale meter display is desired, the tolal divider vollage can
be as litha as 200 mV. Expanded-scale meler displays are
move accurate and the segments light uniformiy only if bar
mode is usad. At 50 mV or more per step, dot mode is
usable.

INTERMAL YOLTAGE REFERENCE

The reference is designed to be adjustable and develops a
nominal 1.25¥ betwean tha REF OUT (pin 7) and REF ADJ
(pin B) terminals. Tha reference voltage is impressad across
program resistor A1 and, since the voltage is constant, a
constant cumrent | then flows through the output set rasis-
tor A2 giving an outpul voltage of:

A2
Vout = VRer (T + m) + lapsR2

TLAHI 78702
Since the 120 uA curent {max) fram the ediuet tarminal
represants an emor term, the reference was designed to
minimize changes of his currer with V ¥ and load changes.

CURRENT PROGRAMMING

A featurs not completety illusirated by the block diagram is
the LED brghiness contral. The cumenl drawn out of the
reteranca veltage pin (pin 7) delarmines LED cumenl. Ap-
prosdmatety 10 times this cumem wall be drawn Lhrough each
lighted LED, and this cument will be ralatively constant de-

spite supply voltage and temperature changes. Cument
drawn by e internal 10-resstor dvider, as weil as by the
exlemnal cument and voitege-setting divider should be in-
¢luged] in calculating LED drive curment. The ability to modu-
lae LED brighness with time, or In proportion 1o input voli-
aga and other signals can lead io a number of novel dis-
plays or ways of indicating input overvoitages, alarmms, atc.

MODE PIN USE

Pin 9, the Mode Select input conirols chaining of muMtiple
LM3914s, and conlrols bar or dot mode oparation. The fol-
Iowing labulation showe the basic ways of ueing this input.
{Onhar more complex uses will be Hlustated in the applica-
tions.

Bar Graph Display: Wire Mods Select (pin 5} direciy to pin
3(v* pin).

Dot Display, Single LM3914 Driver: Leave tha Mode Se-
lect pin opan circuil.

Dot Display, 20 or More LEDs: Connect pin § of tha fref
driver in the seres (i.e., the one with the lowest input volt-
aga comparison points) ta pin 1 of the naxl higher LM3914
driver. Continua connectitg pin 9 of lower input drivers to
pin 1 of higher input drivers for 30, 40, or mare LED dis-
plays. The last LM2814 driver in the chain will hava pin &
wired to pin 11. All previous drivers should have & 20k resis-
tor in paralkal with LED No. 9 (pin 11 to V gp).

Mode Pin Functional Description

Thiz pin sclually parforms two funclions. Rafer to the simpli-
fied block diagram belgw.

Block Diagram of Mode Pin Funclion
QUTMUTAD. B OUTPUT NO. 19

o
CONTROLLED DRIVE
(FAOM COMPFARATORS)
fpr 7]
s
+ «
b2

-

*Hagh (Ge bar
TL/HAMAT0-5
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Mode Pin Functional Description contrnued)

DOT OR BAR MODE SELECTION

The voilage ai pin 9 is sansed by comparator G1, nominally
referanced to (¥t — 100 mV). The chip is in bar mods
when pin 9 is above thig leval; otherwise it's in dot mode.
The comparalor is designed so that pin 9 can be lell open
circuit for dot mode.

Tekng imo account comparalor gain and varation in the
100 m¥ reference leved, pin 8 should be no mors than
20 mV below ¥+ for bar mode and more than 200 my be-
low V1 {or open circuit) for dot made. In most applications,
pin 8 is either open (dot mode} or tied to V+ (bar mode). In
bar mode, pin § should b connected directly to pin 3. Large
currents drawn from the power supply (LED current, for sx-
ample} should not share this path so that large IR drogs ara
avoided.

00T MODE CARRY

in order for lhe display to make sense when mullipla
LM3914s are cascaded in dat mode, special cicuitry has
been included to shut off LED No. 10 of the first device
when LED No. 1 of the second device comas on. The con-
nection for cascading in dol mode has akeady been de-
scribed and is depicted balow.

As long as the input signal voltage is below the thrashold of
tha second LM3914, LED Mo. 11 is ofl. Pin 9 of LMJ914
No. 1 thus sees effectively an opan circuit so the chip is in
dot mode. As soon as the input voltage reaches the thresh-
old of LED No. 11, pin D of LM3814 No. 1 is pulled an LED
drop {1.5V or more) below ¥y ep. This condition is sensed by
comparator C2, rafaranced 600 mV beiow ¥ gp. This forces
the ouput of G2 low, which shuis off output transistar Q2
extinguishing LED No. 10.

Vigp is sonsed via tha 20k resislor connected to pin 11.
Tha very small curment (fegs than 100 xA) thaf is diverted
from LEDY Mo. 9 does not noticeably affec! its imtensity.

An auxiliary curreni source st pin 1 keepa at lsast 100 pA
flowang through LED Mo. 11 even if the inpul voltage rises
high enough to axtinguish the LED. This ensures that pin 8
of LM3914 Mo. 1 is held low enough to tarca LED Mo, 18 off
when amy higher LED is illuminated. White 100 pA doas not
normally produce significant LED ilumination, it may be no-

ticeable when using high-efficiency LEDs in a dark environ-
ment. If tas is bothersome, the simple cura 15 to $hunt LED
Mo. 11 with & 10k resislor. The 1V IR drop is mone than the
300 mV worsl case required to hold off LED Mo. 10 yet
smaf enough tha! LED No. 11 does net conduct significant-
by.

OTHER DEVICE CHARACTERISTICS

The LM3814 is relatively low-powared itself, and sinca any
number of LEDs can ba powsered from about 3V, it is a very
efficient display driver, Typical standhy supply currert {sli
LEDs OFF] I8 1.6 MA (2.5 mA max). However, any reflerance
loading adds 4 times that current drein fo the ¥+ (pin 3)
supply input. For example, an LM3914 with a 1 mA refer-
ence pin load {1.3k), woukl supply almost 10 mA to every
LED whila drawing only 10 mA from ite V + pin supply. At
full-scale, the iC is typically drawing lesa than 10% of the
curment supplied to the display.

The display driver does not have built-in hysteresis so that
tha display does nol jumg instantly from one LED o tha
nexl. Undar rapidly changing signal conditions, this cuts
down high frequancy noise and often an annoying flicker.
An “overlap” is built in so that at no time batween segments
are all LEDs campletely OFF in the dot mode. Generally 1
LED fades in whila tha other fades oul aver 3 m¥ or mars of
range (Nole 2). The change may be much more rapid be-
tween LED No. 18 of one devica and LED No. 1 of asecond
davica “chained" to the first

The LM3914 isatures individually curent regulated LED
driver tranaigtors. Further intemal circuitry detects when any
driver transistor goes inte saluration, and prevents other cir-
cuiry from drawing excess cument. This regults in the ability
of he LM3914 1o drive and regulata LEDS powerad fram a
pulsating DT power source, i4., largely unfitered. {Due to
possible oscillations &t low voltages a nominal bypess ca-
pacitor consisting of & 2.2 uF solid lantalum connecled from
tha puleating LED supply to gin 2 of the LM3814 is recom-
mendad.] This ability lo operate with low o fluctuating voit-
ages alsg allows the display driver to inlerface with iogic
circuiry, opto-coupled solid-slate rebays, and low-currant in-
candescent lamps.

Cascading LM39t4s in Dot Mode

TLsHFRTO-6
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Typical Applications continuea)

Zoro-Center Medor, 20-Segment
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Typical Applications caontnvea)
Expanded Scale Meter, Dot or Bar

Ve T 1RV,
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' Thig applicalzwn Husiralas thal tha LEG supply I:‘I n: -I'_
roads practieally no filterng ]
With a pracigion mater b pna TLiH 197108

4 and 6 adjusl A1 for valtage Vo of 1.20¥. Appky Application Example:

4.94Y to pin &, and sdist R4 untl LED No. 5 just

g, Tros ad o romintaracing Grading 5V Regubiiors

Highient No.
Color | ¥
LED on OUT{MEN)
10 Red 5.54
9 Red 5.42
A Yellow 5.30
7 Green 518
g Green 5.06
5V

5 Grean 4.94
4 Grean 482
3 Yallow 4.7
2 Red 458
1 Red 4,46




Typical Applications continued;
“Exctamation Poim™ Diaplay
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Typical Applications continued)
Bar Display wih Alarm Flasher
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Addiing Hysteresis (Singls Supply, Bar Mode Only)
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Typicai Application (coninusd)
Operaiing with a High Yoltage Supply (Dat Mode Only)
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Application Hints

Three of ihe mosi commonly needed precautions for using
tha LM3914 ara shown in the first typical application draw-
ing (822 page 9-108) showing a OV-5V bar graph meter.
Tha most difficult problem otcurs when large LED cumsnts
are being drawn, especially in bar graph mode. Thess cur-
rents flowing out of the ground pin cause wollage drmops in
external wiring, and thus errors and oscillations. Bringing the
raturn wiras lrom signal sovrces, relerance ground and bot-
tom of the rosislor string (a8 Alustated) to & single point
very naar pin 2 is the best soution.

Long wires from V| gp to LED anode common ¢an cause
ostillations. Depending on the sewerty of the problam
0.05 pF to 2.2 pF decoupling capacitors from LED anode
common to pin 2 will damg the crcuil. If LED anode ling
wiring is inaccesasibla, ofien similar decoupling from pin { to
pin 2 will be sulficient,

H LED tum ON saerms siow {bar mode} or several LEDs light
{dot mode), osallation or excessive nofse is usually the
aroblem. In casas where proper winng and bypassing fail to
stop oscillations, V™ vollage at pin 3 is usually below sug-
gestad limits (see Note 2, paga 9-108). Fxpanded scale me-
tgr applications may have one or both ends of the intemnal
volisge divider terminated at relatively high value restsiors,
Thesa high-mpedance ends should be bypassed to pin 2
with at least & 0.001 uF cepacilor, or up 16 0.1 uF in noisy
emironmenis.

Power dissipation, eapecially in bar mode should be given
consigeration. For example, with a 5V supply and all LEDs
programmed to 20 maA the driver will dissipats over 600 mw.
in this case a 7.5{} rosislor in sarias with the LED supply will
cul device heating in half, The negative end of tha resisior
should be bypassed with 2 2.2 uF solid lanlalum capacitor
ta pin 2 of the LM3914,

Tuming OFF of most of the intemal current sowrces is ac-
complished by puling positive on the reference with a Gur-
rent source or resislance supplying 100 pA or so. Altemate-
ly, the input signal can be gated OFF with a ransislor
switch,

Other special fealres and applications characlenstics wil
be illustraled in the following applications schemalics,
Motes have been added in many cases, altempling o cover
any special procedures o unusual charactenstics of these
applications. A special saclion called “Application Tips or
the LM3814 Adjuslable Referenca” bes bean included wilh
thess schematica

APPLICATION TIPS FOR THE LM3914 ADJUSTABLE
REFEREMCE

GREATLY EXPAMDED SCALE (BAR NODE DNLY)
Placing the LM3314 intemal resktor divider in paralled with 2
saction [ & 230{Y) of a slabla, low resistance dhivider graatly
reduces voltage changea due ta IC resislor value changes
with tamperalure. Yoltage ¥ shoulkd be timmed o 1.1V first
by usa of R2. Then the vollage V, across the IC divider
string car ba adjusted to 200 mV, using AS without affectng
¥y. LED currert will be epproximately 10 ma

NON-INTERACTING ADJUSTMENTS FOR EXPANDED
SCALE METER (4.5V o 5¥, Bar or Dot Mode)

This arrangernent allows independertt adjustment of LED
brightnass regardless of meler span and zero adjustments.
First, ¥y is adjustad o 5Y, uaing A2. Then the span (voltage
acrosa R4) ran be adiusied o exacty 0.5V using RS without
atfecting the previous edfustment.

AD programs LED cumenis within a range of 2.2 mA fo
20 mA aflar the above semtings are made.

Grestly Expanded Scale (Bar Maods Only)

REF REF
Rig R out ADJ
Qe wOm — - PING OF
¢ & ? Pl
T S
I
1 1%
;‘LM
>
Yy AV
> R
< 20
V3 <y
A s <m
_'T w Qs .
]
» Rb
g 3P Sus
! | . L

TLTETO-15

ADJUSTING LINEARITY OF SEVERAL STACKED
DIVIDERS

Thres intemal voltage dividers are shown connecled in 5e-
ries tb provide a 30-slep dispiay. If the rasultng analog me-
tar is to be accurata and linear the voltage on each divider
musl be adjustad, prafarably without atfecting any othar ad-
justments. To do this, adjust A2 first, so that Lhe voltage
across RS is axactly 1¥. Then the vollages across A3 and
R4 can be independenty adjusted by shunting each wilh
selested resistors of 6 kIt or higher resistance. This is pos-
sible because the reference of LM3914 Ne. 3 is acling as a
constant curent source.

The references associgled with LM3914s Mo. { and No. 2
should have their Rl Adj pins (pin B} wired to ground, end
their Rel Outputs ioaded by a 62001 resisior 1o ground. This
makes available simiiar 20 mA cumrent oulpuls to all the
LEDs in the syslam,

i an independant LED brighinass conlol is desired (as in
the previous application), a unily gain buffer, such as the
LM310, shoukd be placed belween pin 7 and R1, similar to
ihe previpus application.
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Application Hints ;Continued)

MarHnteracting Adjuatments for Expanded Scale Meter {4.5Y to 5Y, Ber or Dol Mode)
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— > A5
T 12t :; 432
- v £ 1%
-te P6
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Adjusting Linearity of Several Stacked Dividera Other Apol i
ther Applications
R
S R o B "Slow"—fade bar or dot display (doublbs resolution)
[ Oi—‘i‘*‘ R ¢ m 20-stap meter with singie pot brightness controt
-4 B 10-step (or muitiples} programmer
c_l W B Mutt-step or "staging™ comrokar
Lz No. 3 B Combined controller and process deviation meder
- :: m Diraction and rate indicator (to acd to DYMs}
1 "< B Exclamation point display for powar saving
t L 2y  Gracuations can be added to dot displays. Dimly light
§ 5 avery other LED ueing a resistor 1o ground
LIS NO. 2 4 £ :: | ] Elecirorr:ic “matar-relay—display could be circle or
Sem-arcle
! ™ B Moving “hole” display—indicator LED is dark, rest of
[ ot a5 bar lit
51 :’ m Drives vacuum-tuorescent and |.CDs using adted pas-
LMIS14 M. ¢ . ™ ‘I sive parts
O
) —
TLAHST-17
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Connection Diagrams
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Physical Dimensions inches imilimeters) Continued;
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LIFE SUPPORT POLICY
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NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPOMENTS iN LIFE SUPPORT
DEYICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF MATIONAL
SEMICOMDUCTOR CORPORATION. As used herein:

1. Life support devices of syslems are devices of 2 A critical component is any component of a life
syalems which, {a) are intended for surgical implant
into the body, or () support or sustain Jife, and whose
fallure 1o perform, when moperty used in accordance

supporl device or syslem whose failure o perform can
be reasonably expected to cause the failure of the life
supporl device of system, or 1o atfecl its safety or

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

ba reasonsbly expecied fo result in a significant injury

to the user.
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SEMICONDUCTOR

KOREA ELECTRONICE CO.LTD

TECHNICAL DATA

KIA7805AP/API~
KIA7824AP/API

BIFOLAR LINEAR INTEGRATED CIRCUIT

THREE TERMINAL POSITIVE VOLTAGE REGULATORS
SV, 6V, 8V, 9V, 10V, 12V, 15V, 18V, 20V, 24V.

FEATURES
- Suliable for C-MOS,

TTL, the Oxther

Dhpia [&'s Power Supply.
- Internal Thermal Overload Protection.
- Internal Shart Circuit Current Limiting.
» Chtput Curremtl, in Exicess of 1A,
+ Satsfies [EC 65 Specification.
{International Flectronical Comnission).

MAXIMUM RATINGS (Ta=257T)

CHARACTERISTIC SYMBOL | RATING | UNIT
KIATRGAP, AFT~ %5
L Vel KIATBLSAP/APL | v
o oA ATRIEAE /AP~ = ©
RIATR4AF/AFI TO—22Z04AB

Power Dissipation (Tc=26T} B 08 W

Power Dissipation | KIATRSAPI-- B 20 W

{(Without Heatsink) | KIATE4APL b i —
Dod . MILUGETRRS

Operating Junction Temperanme T; =X~150 T %
¢ EL 1LY

Starage Ternperarure Teg -55~150 | T L s
e
| ] I e
L o
I L0 T
i - 18
[ 0
N - E1)
[ Al B 2
T L
q . chabd
5 il
4 o
1 L
U o 02
T T RS

TO-220I5
1498, 12, 4 Revision No © 1 KEL 1119
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KIA7805AP/API~KIA7824 AP/API

EQUIVALENT CIRCUIT

: . ’ (1} INPUT
o T- = nI s
=< _e
x (E. 431 u \Q1l i /
Qid
'«‘:»——| Q18
i L o R ~
A B3
q oy BT |R

Qs ™4
E’rl: —
21k
83
2 L
1 8 g %
] F S [7) COMMON {GND)

198, 12 4 Revision No © 1 KELC 2/19
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KIA7805AP/API~KIA7824 AP/API

RIATRIGAP/API
FLECTRICAL CHARACTERISTICS (Vie=10V, Iopr=500maA, 0T =T;=125C)
CHARACTERIZTIC SYMBOL C]I‘IESI.TILT TEST CONDITION MIN. | TYP. MA\ UNIT
Oyt Voitage Vour 1 Ti=28 T, Tor=1D0ma 48 a0 5.2 v
T0VE Ve g2y - k] 100
Tnput Repuiation Repr line 1 T,=:5T m¥
HVE V=12V - 1 50
SmAglom<l4A - 1510
Load Regquaton Reg load 1 I T=%T my
Z0mA 2lour 2 T50mA - 3 50
. N TOV = Vs 20V
Oul Vol Vo i = = i - 8.5 v
(ot Yorage o 50mA £lams 104, PoslSW
Quiescent Current Ip 1 T;=25 7T, lour=5mA - mA
(iescent Current Change aln 1 TV EVHESBY - - 13 | mA
. Neise Valtage Vio 1 Ta=9TC, Hzzfig 100kHz - 5 -
Lr=50mA
) S 1%z, BOVEVasISY, " .
Ripple Rejecton Ratio HRE 1 =50, T-25C 42 i) dB
Drropout Vollage Vo 1 Istr=l0A, T=5T - 20 - v
Zhort Circuit Current Limst % 1 Ti=&5T - 16 - A
Average Tempaoure
Coefficient of TCvo 1 [ ler=fmA, 0TS Ti<1%T - -08 - |mViT
Quipnt Voitage
{998, 12, 4 Revision No © 1 KELC 19
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KIA7805AP/API~KIA7824AP/API

KIA7806AP/API

ELECTRICAL CHARACTERISTICS (Vm=11V, Loor=S500mA, 0T =T;z135T)

CHARACTERISTIC SYMBOL | o TEST CONDITION MIN. | TYP. | MAX, | UNIT
Chfpat Vologe Vour 13 T=25T, Inr=100mA a5 &0 825 v
B0V V2V 4 120
Input Regulation HRegw ine 1 T=25T mV
VL V13V - 2 -
SmA Sl l4A - 15 120
Load [tegulation Reg load 1 T:=25T TV
Zo0mA = loor = T50mA - 5 .6
AV VsV .
Vi - 9.7 - v
Output Voltage [ 1 50mA <loor< 104, Pos 15W 9.7 £3
Cnescent Current In 1 T:-25T, Inpr-5mA - 4.3 8.0 mA
Quiescent Current Change Alp 1 AV 2V 25V L3 mA.
Output Naise Vaitage Vo 1 ;ET f‘f’_t’ 3DHZ £ J00kH2 S - B
. L . =120Hz, BV = Vin< 19V, B
i il 3 ' = " T? _
Rippie Rejection Ratio RR 1 our-50ma, Ty=05C &1
Dropaut Yaitage Yo 1 lour=l0A, Ty=5BT - 20 - v
Short Cheuit Current Limit I 1 T=25T - 15 - A
Average Temperatice
Coeificient of TCvo 1 [or=EmA, TS TislSaT - -07 - mv,/¢
Ontput Voltage
1598, 12. 1 Revision No 1 KEE 1719
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KIA7805AP/API~KIA7824AP/API

KIATSIRAP/AFI
ELECTRICAL CHARACTERISTICS (Vin=14V, Lun=500mA, 0C s Ti=1257T)
CHARACTEAISTIC SYMBOL cgc%‘rn TEST CONDITION MIN. | TYP. | MAX. UNIT
Output Voilage Yar 1 T:=%5TC, lyr=1M0mA 77 ] B3 ¥
15V 2 VmaSv - 6 160
Tnput Reguiation Reg line 1 T,-%T my
VL VLTV - 2 | &
SmA ZInpr=144 - 12 150
Luad Reyulation Reg load 1 T;=5T eV
250mA <oy < THimA 4 0
105V V23V
Yol =T E - , v
Qutpe Voltage Vourr U SomA<lor=108, Pogisw | 0 84
wescent Current Is 1 Ti=%T, Ior=9mA - 43 R0 mA
(Quiescent Current Change alp 1 105V < Vw5 25Y - - L0 ma
- Ta=25T, 10Hz< f=100kHz _ - _ .
Ourput Naise Yollage Vo 1 Toue =50t (i} FrAT .
R f {-120Hz, 115V Vs 205V
Rj Re: Ral ' - -
pitie Hejection 0 RR 1 Tour=50a, To25T 58 74 dB
[ropour Voltage Vu 1 Lur=104, T=5T - 2.0 v
Zhort Circwit Current Limit s 1 Ti=5T LE A
Average T'wrperature
Coefficient of TCwa 1 Tour=5ma, DU < T 15T - 10 - vt
Cutput Volwge
1938, 12, 4 Revision Ma * | KE: 419
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KIA7805AP/API~KIA7824AP/API

KIATSOAP/AP]
ELECTRICAL CHARACTERISTICS {Viu=15V, lw1=800mA, 0T2T;5125T)
CHARACTERISTIC SYMBOL Cﬁgr TEST CONDITION  MIN. | TYP. | MAX. | UNIT
Cntput Voltage Vour 1 T=25TC, Igir=100ea 864 | 490 9.3 v
11OV <V <28V - 70 180
Input Regulation Reg line 1 T=%T mv
13V A V=19V - 25 m
fma <lopr= L4A - 12 180
Load Regulatiun Reg ioad 1 T;=2%T mV
A 2l = V0mA - 40 2 4]
) 115V = Vs 26V _ J .
Oul Yol ¥ == an - 8945 © ¥
ot Voltage our L | somagleng 08, Pagiow
Cheescent Current I 1 T=%BT, Ier=5ma - 432 &0 ! ma
Quiescent Current Change Al 1 NSV VMY - - L0 mi
s - . Ta=26C, I0Hz=f{= 100kHz -
{ N Vol : ' == - CRA LS
Jatput Noise Voilage Vo 1 Layr=50mA 3 2 i
. . -120Hz, 125V = Vs 25V !
i : . EVux - - _
Hippie Rejecton Rario RR 1 fey= | TsST 35 7 5 d8
Dropout Voitage Vo 1 Inr=1.04, T=25T - 20 - v
Short Clrewit Current Timit Ise I ' T=%L - 1.0 - A
Average Temperature ! |
Coetficient of TCvs 1 Hlor=imaA, 0T = e AL : L1 - mViT
Datput Voitmge !

1o, 124 flevision No @ 1 KE: A4
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KIA7805AP/API~KIA7824AP/API

KLA7RI0APAFI
ELECTRICAL CHARACTERISTICS (Vi=16V, Lwr=300ma, 0T sT;s125C)
CHARACTERISTIC SYMBOL CIT[;DL“‘S[‘JT[T TEST CONDITION MIN, | TYP. | MAX. | UNIT
Output Yaluage Veur 1 T=5T, Lor=100mA 98 105 104 v
125V e Voug TV - g xx1
[nput. Regularion Req line 1 T.-25T m¥
14V 5 Vs 20V - 25 100
mA S lemg 14 - 12 P-4 4]
Losd Regulzton Reg load 1 Ti=25TC mV
250mA < Ipp=700mA - 4 100
. 125V VY25V i
Output Yol Vo = , - . v
¢ Voitage T L | SomAslonrsioa, poglsw | 0 103
Quiescent Current Iz 1 TF25T, lorr=ima - 43 80 mA
Quiesrent Current Change Alp 1 125V Vma 2TV 10 mAh
Qutput Naise Valtage Vio 1 Ta=25T, 10Hz 5 (< 1001z ~ 20 B Noms
Tsor=50maA
. L . f=120Hz, 135V < V< 235V
R 5 ion Rar i ’ a5 T2 dB
ipple Rejection i6 IR 1 Tor=50ma, T,=25T
Dropout Valtage Vi 1 Lamr=L0A, T=5T - | 20 - v
Thut Ciromit Currenr Limit Iar 1 T=5T - 19 - A
Avenge Temperature
Coeffident of TCvo 1 Inr=5ma, 2T =T =15T - -1.2 - |m¥eT
Output Yoitage
1, 12, 4 Revision No : 1 KELC 718
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KIA7805AP/API~KIA7T824AP/API

KIATRIZAP/APL
ELECTRICAL CHARACTERISTICS (Wg=19V, Lwr=500mA, 0T =T;=1257C}
CHARACTERISTIC SYMBOL C%%SU} TEST CONDITION MIN. | TYP. |MaX. | UNTT
Output Vuitage Vour 1 | T=257C, Lur=100maA 15 | 120 | 125 | v
WAV Vs 3V - 19 | 210
Input Reguiation Eeg iine 1 T:=5T - m¥
16V s V<20V - 3 | 120
fmA €lor<<14A - |
Load Regulation Rey load 1 :T=ST mv
HomAzlurs BmA | - 4 Bt
. ) L 145V 5 VSTV i
} 2 ¥ : = o - 24
Qurpnt Voltage i 1  SDmA<lor<104, PoxlSW 114 126 ¥
Quiescent Crrent Iz 1 T=5T, Lyr=ama = |43 80 mA
Quiescent Curent Change Alp 1 45V s Va0V - - 10 m4
L | Ta=25T, 10Hz: < 100kHz
M Fok 7 tonE =t B - - ‘-Ym“
Cutput MNoise Voitage Yo 1 | Tour50mA €0 i
. . . f=120Hz, 15V < V<25V
It : = % dB
pple Mejection Rado m 1 Tour=50ma, TS5
Dropaut Voltage Vo 1 Lur=L04A, Ti=25T - ¥
Shart Clreuit Current Limit | T 1 Temt - - A
Average Tanperature
Coefticient of TCvo 1 Tarr=5ma, 00 <T;S125C - -8 - mvic
Oueput Vedtage
1905, 12, 4 Revision No : 1 KE: 15
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KIA7805AP/API~KIA7824AP/API

KIATRIAAP/AP]
ELECTRICAL CHARACTERISTICS (Vp=23V, logr=200mA, 0T :T;<125TC!
o
CHARACTERISTIC  SYMBOL | 5T TEST CONDITION MIN. | TYP. MaX.| UNIT
CIRCUIT
Ourput Voitage Veurr 1 T=5BT, ber=100mA 144 | 150 1586 v
: 175V < V2o MV - 1 300
Inpit Regujation Reg e ;| 1 T=5T mv
. Vs Vusby - 3 150
? smAzlorzl4A - |12 o
foad Reguiarion Reg load | L T:=25T mV -
: BmA S loer= T3mA - 4 150
175V e Vg XV .
Curput Vi 25 - BT Y
it Vologe Vo L | somasiorsi0a, Pogisw | 8.7
Quiescent Curvent In 1 T,=5T, Inm=3mA - 14 | A0 | mA
Quiescent Current Change Aln 1 175V SV 20V - - 10 | ma
55 :
Output Neise Voltage Vi | Te®T, 1022l 100kR: - w Vo
Iour=5mA
. L , f=120Hz, 185V £ Vs 285V -
Ripple " i i s 7 -
pple Rejecion Haco HR 1 Tor= TABT H ] B
Dropout Voltage Vo 1 Iour=1.24, T=35TC - 20 - v
Short Circuit Cumrent Limit Isc L T:=25C - 03 - A
Average Temparature
Coefficient of TCva 1 Ipr-5mA, 0T £T=125T - =200 - |mVre
Outpue Valiage
1368, 12, 4 Revision No 1 ¥19

KELC
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KIA7805AP/API~ KIA7824AP/API

KIATRIGAP/API
FLECTRICAL CHARACTERISTICS (¥V=27V, loup=H00m4, 0T & T;:125T)
CHARACTERISTIC SYMBOL CI.I};E?U‘ET TEST CONDITION MIN. | TYP. {MAX. | UNIT
Ouipue Valtage Vour 1 T+=%BT, [or=100mA 173 | 180 | 187 v
AVE V=33V - 13 | 360
Input Regulation Reg Loe 1 T=-5T mv
UV L V=30V - 1 180
smAslorslda - 12 | 30
Load Regulaton Reg ioad 11 T=%T my
SmAZlr=T0mA | - 4 L&D
" AV S Vs 13V,
{ Voi VYorr = 171 - 184 ¥
Jarpar Voitge oo b SomAslon<!OA Posisw | U
Chiescent Current L 1 T=5T, lomr=TmA - 45 | #0 | ma
Choiescent. Current Change Mg ! AV Vs 30V - - 1.0 ma
N . Ta=26T, 10Hzz 15 100kHz, B B
Output Moize Vaoitage Yo 1 Lourg= 1% Vs
. _ : f=120Hz, 22V <Vng X2V . _
Rippls Rejerton Fado RE H Tegr=Sma, Tr-%5T 52 [»7} JdB
Dropaut Voltage Vo 1 Tour=1.04, T;=5T - a0 - v
Short Circuit Current Limit Isc 1 T=5T - 04 - A
Average Temperaioe '
Coefficient of TCyvz 1 Lwe=omaA, 0T =Ti=1SHT - | -25| - imVWT
Ot Voilage Jl
1996, 12, 4 Revision No ¢ | KEL 10/19
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KIA7805AP/API~KIA7824AP/API

KIAT0AP/API
ELECTRICAL CHARACTERISTICS (Ve=20V, Iloyr=500mA, 0T £ T;5125%T)
CHARACTERISTIC SYMBOL CE(E,SS;T TEST CONDITION M. TYP. [MAX. | UNIT
Curput Voltage Vour 1 T=35T, [my=100mi 182, 200 | 208 v
LBV S VmZisY - 15 | 40
Input Regulation Reg line 1 T-5\T : mV
BV VeV - 5 | o
A <lovrs 144 TR
Load Reguation Reg ioad | 1 | T=5T mv
SomAslwy<T0mA | - | 4 | 20
9V < Vi< BV
V 1 ‘! o |1 | TR ' - 2 | V
Outot Voltage our Y somAslorsloa, Poglsw | 0 1o
Chiiescent Current In I T8, Ioyr-ani - 16 #0 mA
Quiescent Current Chenge Al 1| 2veVnsBY - - | w | m
- Ta=5T, 10Hz< < 100kHz .
v , W0Hz g o .
Cutput Naise Vollage oo 1 Loy 50mA : 125 H¥rmy
. o 10Hz, 24V 5 Vs34V, .
] ion Ran T ! -
HRipple Rejection Rario RR 1 Toue T 8T 5 [+ dB
Dropaut Vaitage Vs 1 | Tor=10a8, T-25T - o - v
Short Cireuit Cuyent Limit I 1 T=25T - 04 - a
Average Temperance
Coefticient of TCva 1 | loor=5mA, 0T £ T 15T - 30, - |mvit
Outpat Voltage |

1958, 12 4 Revision No © 1 KEE 11/18
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KIA7805AP/API~KIAT824AP/API

KIATR24AP AP
FLECTRICAL CHARACTERISTICS (Vi=33V, loyr=500mA, 0T T;2125T)
. oT
CHARACTERISTIC | SYMBOL ' TEST CONDITION | MIN.|TYR. |MAX., UNTT
Output. Voltage Vaor L T5T, loor=100mA 20 ) 2o |20 vV
VSV BY - s | 4
Input Regulation Reg lne i CTe%T my
i PVEVNE /Y - 8 | 240
Ay L4A - 1z 4B
Lead Regulation Reg load . i T=%T my
DAL Lar<T0mA | - 14 | 240
, 2TV = V= 38V, )
Oul Vai Vo : == 228 - 82V
e Yotage Wt b G mAglarS LOA, PoISW
Chiescent Current Iy 1 =BT, loyr=Sma - 14 | 20 | mA
chidescent Current Change Al L TV Vi WY - - 19 1 mA
E . Ta=25T, I0Hz= (= 100kHz
. Noise Voi i == - 5 - Vims
Outpue. Nodse Voitage Vi 1 Lot 150 #
. . t=120Hz, 28V < V38V w |
Ripple Rejecdon Rato HR L L= 15T 30 55 dB
Dropoat Voitage Vo 1 loe=10A, T=26T - 20 v
Short Circuit Current Isc 1 T=%T - 0.3 - A
Avernge Temperanme
Coetlicient of TCxo 1 Iwr-imA, 0T ST,125T - | 38| - v
Chipt Voitage .
1996, 12 9 Revision No | KE: 1249
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KIA7805AP/API~KIA7T824AP/API

TEST CIRCUIT1/STANDARD APPLICATION CIRCUIT

Vo= M ' OVaur
i
JAATERAR /AP N lpur
y | ooy I i)
m,—[ ~ Lpig =)
o = 1 pry
~
E
:
bl b/

TEST CIRCUIT

L. Yy, Reg ' line , Reg -load  Voup . Ig ,Alg . Yyg . &Vour /&b, 1V = Vour | . Toyp

NOISE
METER
—_ —_
A DUT
‘;mi_z V) —g 2
w7
2. BR
L& 3lern
£y= ¥p-p L ]
f = i20Hz i—-— --------- - USCILLOSCOPE
— - o =]
on s 3} Ce====d ¢
L ~1 our [ i [
s e - O -4 RR=20 log;é[dnj
Vi —% i2) =S ¥
o ]/ = i ioUT

1958, 12, 4 Revision No - 1 KEI: 13/19
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KIA7805AP/API~KIA7824AP/API

APPLICATION CIRCUIT
{1) VOLTAGE BOOST REGULATOR

{a) Vollape boost by use of zener dinde

]' “Yout
KIATBxxAP /API } k.
. ; g;E ......... ::;
; Voo
: I "1 2 QUT(IC)
v I [ R1
24 +1 Z 5mA
i 7 wn
Yout = Youriic)tVz
(b) Voliage boost by use of resistor
Voo ] t —%but
L |Kia7BxxaP/API [ .
7— s, L% 4y
C": _ (15 PO -: u_u..r’_-t'f:
Lo IB ] = —
o s
o<,
. R2 .
Yur = %orao {1+ )t R2-Ig
{c) Adjustakle output regulator
(RS aama——— ) * oy
KIA78%xAP /AP :
= "
E— -3 imE
- - — o -
= bolls
KIA4B58P/S X — 29
. .., Re
Your = Yurc) L1+ Py )

1968, 12, 4 Hevision No 1 1 KEE 14/19
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KIA7805AP/API ~KIA7824AP/AP]

{2) CURRENT BOOST REGULATOR

{ - . .
Gbur
- KIATEXXAP /API
= )
L B =]
o =]
= -
oo b

PRECAUTIONS ON APFLICATION

{13 In regard o GND, be careful not Lo apply a negative voltage to the input/
output teminal.  Further, special care s necessary in case of a voltage
hoost apphicaton

{2) When a surge voitage exceading maoximum afng is apnlied tw the input
terminal or when a valtage in excess of (he irput termminal valtage s
applied to the output terminal, the cirazl may be destroyed.
Specially, in the later case, great care is necessary
Furthe, if the ‘nput tenminal shars te GMD in a state of normal operation,
the ocatput lerminal veitage becumes higher than the input voitage {GND potenvials,
and the ekxtic charge of a chemical capacior conneeted Lo the cuiput terminal
flows inwo the input side, which may canse the destrucaion of drouit
In these cases, take such steps a8 a zener diode and a general silcon
cHode are cormected w the crant,  as shown in the following figure.

Cutput surge and
—— imput short protecting
Ve diode.

r'y
M,

KIATHxXAF /AR 2 ourr

SERIES

Input surge —-~
protecting
diode.

i3) When the input vailage is wo high, the power dissipabon of tlree termgnal regulator
increase because of series Teguiakor, 5o (hat the jumeton temperanre rises.
In such a case it is moammended o reduce the power dissipation by nserting the power lnddng
vesistor Hep in the input terrinal, and o reduce fhe junctim temperatuze 45 a resil,

1998, 17, 4 Revision No : 1 KE:
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KIA7805AP/API~KIA7824AP/API

Ksp v’ Taut
Vi ey .
KIA7BxxAP /AP ,
- Vour
3 SERIES
2L
[? T 1
° |
! Ig
|

The power dissipation Po of IC is expressed in the fallowing equation.
Fo = (W' -Vour - Tour + Vo' - Is

H V' i3 reduced below the lowest voliage necessary for the IC, the parastic

osciiatbion wil be cmsed accarding o circumstanees.

In determining the resisiance vaue of Rsp, design with margin shaid be made by making
reference to the following eguatiem,

{47 Connect the input terminal and GND, and the output termina: and GND, by capatitor
respectively. The capacitances shouid be determined experimentally because they
depensd on printed pattemns, In particular, adequare nvestigation shouid be
made 50 that there i no pobiem even at time af high or low temperanure,

i0) Installadon of IC for power supply
For cbtaiming high reiininiity on the heat =ink design of the vegulatar IC, it Is
genemal'y required to derate mare than 2% of maximum junction temperanme (T: MAY.)
Further, €ull consideration showd be given to the inslallation of IC to the heat sink.

{a] Heat sink design
The thenmna remistance of I itseif i3 rerpired from he viewpodnt of the
design of elamenlz, but the therral registance from the IC package o the
upen air vanes with the cootart thermal resistance,
Tuble 1 shows how wuch the value of the contact thermal resistamce ( fc + &<i
s changed by insulatug sheet {mica) and hear sink grease

TABLE 1. NIT:C/W
PACKAGE MODEL NO. i TORQUE MICA 885
Not Provided 03~05(1.3~ 20

TO-22048 KIATAxx AP fkg cm

Provided 20~254.0~60

The Egnres mven in parentheses denote the values ar time of no grease.
“The package of reyulator IC serves as GND, therelore, usuaiiy use the value at dme
of “no mica”

1988, 12, Revision No @ 1 KE':

16718
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KIA7805AP/API~ KIA7824AP/API

{b) Siirem grease
When a circuit not exceeding thaamuon roting 15 designed, it is to be desired thai the grease
should be used if possible. H it fs required that the comtact therrcal resistmce i3 reduced from
e view-point of the drowt design, It is recommended that de foilowing methods be adopted.

Al Use Thercon {Fuji High Polymer Kogyo KK
B Use 3CH01 (Torel Silicont or -840 (GE), if grease is used

el Tarque
When instaling IC on a heat sink or the !ike, tighten the IC with the torue of less thon the rated
value, If it is tghtened with the tomque in excess of the rafed value, sometimes the internal elements
oi the IC are adversely affected. Therefore, great care shouid be given to the inswlling operation.
Furthes, if polvearbonate serews are used, the tarque causes a change with the passage of tme, which
may lessen the effert of tadiation.

(6 IEC (Intemational Electronical Comnssion) -85 Specification,

fa) IEC {lntemational Electronical Commission)—5 is the standard, parts testing method, machinery and toiis
{used n connecting main power directiy and indirectly) Which are used at home and general buiiding.
“(he purpose of the above standard is net to breaking ot the risk which is related to an elecitie shock,
a heating, a fre and the damage of surrounding parts in the case of noomal or abnormal operatng,

b} In case temperature is Zmiled by tempefure overheating rrevention device, fuse or the operation af
fuse resistar
One must caicuiale the termperature of PCB substvate in 2 minute,
AT 1100 regulated
A°T=T(The PCB zubstrats temperanze in 7 minteed = LaiAmbieny tempernnoet

i) Graph

Iscld)

L)
120 titne{seconé)

As the territory of the deviant line appear by the heat, as the area is wider,
Tethe HOB subares tenmeraxre in 2 mosed IS becaming hight

1883, 17, 4 Revision No : | KE: 17/19
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KIA7805AP/API~KIA7824AP/API

In — Tj Voor — T
8 . i1
&
=
= B
< 5
3 4 =T =g
]
£ <
2 5
&= =
£ 2 -
B
KIA7805APT g KIA7805API
g I P Vi =40V g iy =10V
a Tory =0 g Tour=5.0ma
a : i L] Fs] i L L
C 50 1co 150 0 50 160 150
JUNCTION TEMFERATURE T; (") JTUNCTION TRWMPERATURE Tj (03
— RR - Igur Vi -~ Isc
=]
— Z
& a0 "“‘*—-.Jh ; = 1e N
g Pt ’ /
= ] 47
: ] e [TN
60 i L ] 25 ] 12
z : i 4P \"“-~. H [ I KIAYBOSAP]
2 = i
& i E
:':5J 10 FVv =10V {EAPT) : g 06 S
= =16¥ [10AF]} : = N
i =33V (244PT) ] N
ja I=130Hz I w f
& 20 bl o
= 10 50050 100 300 500 1000 i Hi] 2 30 40
OUTPUT CURRENT Ioprr (ma) INPUT YOLTAGE VN (V)

1008, 12, 4 Revisian No : 1 KEE 18419
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KIA7805AP/API~KIA7824AP/API
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Three-Terminal Positive
Voltage Regulators

These voltage regulators are monolithic integrated circuits designed as
fixed-voltage reguiators for a wide variety of appiications including local,
on—card regulation. These regulators employ intemal cument limiting,
thermal shutdown, and safe—-area compensation. With adequate heatsinking
thay can deliver output cuments in excess of 1.0 A. Although designed
primarily as a fixed voltage reguiator, these devices can te used with
external components to obtain adjustable voltages and curmants.

Qutput Current in Excass of 1.0 A

No Extemnal Companents Required

Intermal Themmal Overload Protection

Internal Short Circuit Current Limiting

Qutput Transistor Safa—Area Compensation

Cutput Voltage Offared in 2% and 4% Tolerance

Available in Surface Mount DZPAK and Standard 3—_ead Transistor
Packagas

Previcus Commercial Temperature Range has been Extended fo a
Junction Temperature Range of -40°C 1o +125°C

DEVICE TYPE/NOMINAL QUTPUT YOLTAGE

MC7808AC MC7812C 2y
LM340AT-5 sov LM340T-12
MC7805C ' MC7B15AC
LM340T-5 LM340AT-15 .,y
MC7806AC S0V MCT7815C
MC780BC i ' LM340T-15
MC7B08AC MCT818AC
: a0V 18Y
MCT7808C ; MC7818C
METB0IC i 80V MCTE24AC 24V
MCTB12AC 12V MCT824C
LM340AT-12
ORDERING INFORMATION
Output Yoltage Operming
Device Toleramce Temperature Range Package
MCTBXXACT
Insertion Mount
LM340AT-XX 2%
MC78XXACD2T Surface Mount
Ty =—40¢ to +125°C
MC7EXXCT
Insertion Mourtt
LM30T=-XX 4%
MC78XXCD2T { Surface Mount

Qrder this document by MCTR00/D

MC7800,
MC7800A, LM340,
LM340A Series

THREE-TERMINAL
POSITIVE FIXED
VOLTAGE REGULATORS

SEMICOMDUCTOR
TECHNICAL DATA

T SUFFIX
PLASTIC PACKAGE
CASE 221A

Heatsink surface
connected i Pin 2.

Fin 1. laput
2. Graund
3. Quiput

D2T SUFFIX
PLASTIC PACKAGE
CASE 936
{D2PAIK)

Heatsink surface | 3hown a3 teminal 4 in
case outiing drawng) 5 connected ko Pie 2.

STANDARD APPLICATION
r————"

nped -Io—| MCTAX I_OIW
I
Cin’ "
0330 T i :|‘C°

A common ground is required between the
input and the: output voltages. The input valtage
must remain typically 2.0 V above the cutput
voltage even durng the low point on the input
ripple voltage.

XX, These two digits of the type number
indicate noming! voltage.

* Cipis required if regulator is located an
appreciable distance from power supply
filter.

** Coy is noA needed for stability; howewver,
it doas improve transient response. Yalues
of less than 0.1 yF could cause instability.

X indicates nominal volkage.

= Motarola. Inc. 1997 Rev 5
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MC7800, MC7800A, LM340, LM340A Sarles
MAXIMUM RATINGS (Ta = 25°C, unless otherwise noted.}

Rating Symbol Value Unit
Input Vottage (5.0- 18 ¥} v 35 vde
(24 V) 40
Power Dissipation
Case 221A
Ta =25C Pp Intemaily Limited W
Themmsd Resistance, Junction-to-Ambient Raya 85 el
Thermai Resistance, Junction-lo—-Case RgJc 5.0 e
Case 936 (DIPAK)
Ta = 25°C Po Intermaily Limited w
Themmal Resistance, Junctan-to-Ambient Ryia See Figure 13 ‘o
Thems Resistanca, Junction-ip-Case Raa 5.0 CIW
Storage Junction Temperature Range Tatg -65 to +130 “C
Crperating Juncion Temperature Ty +130 G
NOTE: £5D data available upon request
Representative Schematic Diagram
. '
MCTBO0 E‘ 02
Zmw
H ATEA
5?; e ;}’._i
- [
29
NN *
SRIE 1
gk { Rz ';50 % s
0
o7 )
_ER"_ CHPH 2 =
E 1
iba o il 1
A e
$h ke [ 2
ZR1 1
il k > 4
g;ﬂ b BT,
'_K = e
NP
$Fsek
SR
] fus e
i onz

This device contains 22 acive ransistors.

MOTOROLA ANALOG IC DEVICE DATA



118

MC7800, MC7800A, LM340, LM340A Series

ELECTRICAL CHARACTERISTICS (vip = 10 V, I = 500 mA, Tj = Tiow 1 Thigh [Note 1], uniess otherwise noted.)

MCT305C/LM3AT-5

Characteristic Symbol Min Typ Max Unit
Quiput Voltage {T ) = 25°C) Vo 48 5.0 52 Vde
Oulput Voltage (50mA<Igs 1.0A PR <15W) Vo vde
7.0Vde < Vip < 20 Vde 475 5.0 525
8.0 Wdc < Vip < 20 Vde - - -
Line Reguiation (Nate 2) ReQline my
7.5V0c< Vin<20 Vde, 1.0A - 0.5 20
8.0 Vde £ Vin £ 12 Vdc - VR 10
Load Regulation [Mote 2) ReGigad my
SOmA<ipg<1DA - 13 25
50mA=lgs 1.5A (T =20°C) - 13 25
Quiescent Current Ig - 32 6.5 mA
Quiescent Cumrent Changa ilp mA
7.0 Vde < Vi £ 25 Vde - 0.3 1.0
5.0mAZIg < 1.0A [Ty =25°C) - .08 08
Ripple Rejectian RR 62 a3 - dB
8.0 Vde £ Vip £ 18 Vde, 1= 120 Hr
Dropout Voitege (lg = 1.0 A, T = 25°C) Vi-Va - 20 - vde
Output Hoise Voltage (Ta = 25°C) Vi - 10 - Wwhn
10Hz<f< 100 kHz
Cutput Resistance f = 1.0 kHz (o] - 09 - mé}
Shart Circuit Cument Limit {Ta = 25°C) Isc - 0.6 - A
Vin = 36 Vde
Peak Output Current (T = 25°C) nax - 22 - A
Average Temperaiure Coefficient of Output \oitage TCVe - 0.3 - mviC

ELECTRICAL CHARACTERISTICS (Vin = 10V, lg =10 A, T ) = Tjow o Thigh Note 1], uniess otherwise noted )

MC7305ACILM340AT-5
Charactoristic Symbol Min Typ Max Unit
Quiput Votlage (T = 25°C) Vo 4.9 50 5.1 Vac
Quiput Voltage (5.0 mA <Ig<1.0A Pps15W) Vo 4.8 5.0 52 Ve
7.5Vdc < Vi < 20 Vde
Line Regulation {Nate 2) Regine my
7.5Vde < Vi < 25 Vde. Ig = 500 mA - 0.5 10
BOVdC < Vin s 12Vde 1g=10A - 0.3 12
8.0VdesVin<12Vde lp=1.0AT)=25C - 1.3 4.0
TAVde < Vin <20 Vde, g = 1.0A, Ty = 25°C - 48 10
Load Regulation (Note 2) ReQlosd my
S.0mas<lg=15A.Ty=25C - 1.3 25
SOmA<igs10A - 0.8 25
250 mA £ 1 < 750 mA - 0.53 18
Quiescent Cumert Ig - 3.2 60 mA
Quiescent Curramt Change Alg mA
8.0 Vde = Vi < 25 Vde, g = 500 ma - 0.3 08
7.5 Vde < Vip <20 Vde, T =25°C - - 08
SOmA<ips10A - 0.08 05
Ripple Rejectian RR 68 83 - 511
8.0Vde < Vip =18 vde, f= 120 Hz, I =500 mA
Dropout Vottage (I = 1.0 A, T3 = 25°C) Vi-Vo - 20 - Vde
NOTES: 1. Tjp, = —40°C Tor MCTBXXAC, C. LMMOAT-LX, LM3407-3 Thig'l = +125°C for MCTEXXAC, C. LM340AT-XX, LM340T-XX
2. Load and fine lation are ied e function tempermture. Changes in Vo dua to heating effess must be taksn imo account

separalely. Pulse testng wrih low duty Cyci is uged.

MOTOROLA ANALOG IC DEVICE DATA 3
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MC7800, MC7800A, LM340, LM340A Series

ELECTRICAL CHARACTERISTICS (continued) {Vi = 10V, 10.= 1.0 A, T) = Tiow t Thigh [Nota 1], uniess otherwise noted.)

MCTB05ACL MI4DAT-S
Characteristic Symbol Min Typ Max Unh
Output Noise Voltage (Ta, = 25°C) Vn - 10 - WWo
10 Hz < < 100 kHz
Qutput Resistance (f = 1.0 kHz) [Ie} - 08 - mil
Short Circuit Cumant Limit (T, = 25°C} Isc - 02 - A
Vin = 35 Vde
Peak QOutput Current (T ) = 26°C} Imax - 22 - A
Average Temperature Cosfficient of Qulput Violtage TCVp - 0.3 - mvirC
ROTES: 1. Thepe = —40°C for MCTENXAC, C LMIOAT-XX, LM 30T Thigh = +125°C for MCT8XXAC, C, LMMOAT-C:, L MOT-XX
2. Load and Ime reguiation e spacfied a corstant junction emperature. Changas in Vi due to heaing effects must be Eken into acoount
separamly. Putss teating with low duty cycle s used.
ELECTRICAL CHARACTERISTICS (Vin =11V, I =500 mA, T = Tjgw to Thigh [Note 1], unless otherwisa noted. )
MC7306C
Charactaristc Symbol Min Typ Max Unh
Quiput Voltage (T ) = 25°C) Vo 575 8.0 6.25 Vidc
Output Volage (S.0MA<Ins1.0A PR s15W) Vo Vde
8.0 Vde < Vi < 21 Vde 57 6.0 83
3.0 Vde = Vi < 21 Vide - - -
Line Regulation, T = 25°C {Note 2) Regjine my
B.0 Vdc < Vip < 25 Ve - 05 24
9.0 Vdec £ Vin < 13 Vde - [H) 12
Load Regulation, T = 25°C {Nots 2) Reginad - 13 0 my
50mAsigg15A
Quieseant Current (T § = 25°C) B - 33 8.0 mA
CQuisscent Curremt Change Mg mA
8.0 Vdc = Vi < 26 Vde - 03 1.3
SO0mA<Ig<10A - 0.08 8.5
Ripple Rejection RR 58 85 - dB
9.0Vdo < Vin £ 19 vde, =120 bz
Dropout Voltage {Ig = 1.0 A, T = 25°C) V=Yg - 20 - Vidc
Cutput Noise Voltage {Ta = 25°C) Vi - 10 - Vo
10 Hz =< 100 kHz
Quiput Resistance f = 1.0 kHz [£e} - R - mil
Short Circuit Current Limit (Ta, = 25°C) Isc - 02 - A
Vi = 35 Vde
Peak Qutput Current (T = 25°C} Imax - 2.2 - A
Average Temperature Coefficient of Quiput Voltage TCVh - 0.3 - myiEC

HOTES: 1. Tjgy = ~40°C for MCTRXIAC, C Th'qh = +125°C Ior MCTAXXAC. C

2. Load and line requiation are ified al constant juncts
saparately. Pulsa teeling wih low duty cycle is used.

Changes in Vg due to heatmg effects muet be taken into acooun

MOTOROLA ANALOG IC DEVICE DATA
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MC7800, MC7800A, LM340, LM340A Series
ELECTRICAL CHARACTERISTICS (Vin =11 V. g = 1.0 A, T = Tigw 10 Tigh [Note 1], unless otherwise noted )

MCTI0BAC
Characteristic Symbol Min Typ Max Unit
Owiput Votage (T = 25°C) Vo 588 6.0 612 Vde
Ouiput Volage (SEMA < ig < 1.0 A, Pp £ 15 W) 7o) 5.78 60 6.24 vde
8.6 Vde S Vin s21Vde
Line Reguiation (Note 2} Regiine my
6.5 Ve € Vip £ 26 Vde, I = 500 mA - 50 12
9.0Vde s Vins13vde In=1.0A - 14 15
Load Regulation {(Note 2) ReQlgad my
S0ma<los1SA T)=25C - 13 25
S50ma<ig=tO0A - 09 25
250 mA < Ip < 750 mA - 02 15
Cuiescent Current Iy - 3.3 8.0 mA
Quiescent Current Change alg mA
9.0 Vdc < Vip £ 26 Vdc, Ig = 500 mA - - 0.8
9.0 Vde < Vip £21 Vde, Ig = 1.0A, Ty = 26°C - - [¢R:]
S0mAslns10A - - [¢R-]
Ripple Rejection RR 58 G5 - dB
9.0 Vde < Vip < 19 Vde, f= 120 Hz, I = 500 md
Dropout Voitage {lg = 1.0 A, T = 25°C) Vi-Vo - 20 - Ve
Qutpuit Noise Voltage (Ta = 25°C) Vn - 10 - vV
10 Hz < f < 100 kHz
Qurpul Resistance (f = 1.0 kHz) e} - [+ - meL
Short Cirewit Current Limit (Ta, = 25°C) Isc - 02 - A
Vin = 35 Ve
Peak Output Cumrent (T = 25°C) Imax - 2.2 - A
Averaga Tempereture Coefficient of Quiput Voltage TCVo - 0.2 - mvrC
ELECTRICAL CHARACTERISTICS {Vin= 14V, Ig = 500 mA, Ty = Tjgw to Trigh [Note 1], uniess otharwise noted. )
MCTB08C
Characteristic Symbaol Min Typ Hax Unit
Quiput Voltaga (T = 25°C) Vo 77 6.0 83 Wdc
Output Voltage (50mA S lg< 10A Pp<15W) Yo 7.6 8.0 8.4 Vde
10.5 Vdc < Win < 23 Vde
Line Requiation, T = 25°C, (Note 2) Regjing my
10.5 Vdc < Vin <25 Ve - 60 32
11 ¥de < Vip 5 17 Vde - 1.7 16
Load Regulation, T = 25°C (Note 2) Reginad - 14 a5 my
SOmazig=15A
Quiascent Current ;] - a3 ap mA,
Quiescent Curert Change slp MmA
10.5 Vdc < Vin < 25 Vde - - 10
S0mALin<10A - - 05
Ripple Rejaction RR 56 62 - dB
115 vde < Vip < 18 Vde, f= 120 Hz
Dropowr Violtage (i = 1.0.A, T) = 25°C) Wi=Vo - 20 - vde
Output Noise Viitage (Tp, = 25°C} Vn - 10 - WV
10 Hz<f< 100 kHz
MOTES: 1. Ty = —40°C for MCTBXHAC, & Thyigh = +125°C for MCTAXNAC, C
2. Load and fine lation are specified &l juntlion Lemp . Changes in Vg due 1o healing effecis musl be taken inla scooum

separately. Pulsa teating with kow duty cycls is used
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MC7800, MC7800A, LM340, LM340A Series

ELECTRICAL CHARACTERISTICS {continued) {(Vin = 14V, I =500 mA, T; = Tigw 10 Thigh [Note 1], uniess otherwisa noted.)

MCTB0AC
Characteristic Symbol Min Typ Max Unit
Output Resistance (= 1.0 kiHz o - 0.9 - mil
Short Cireait Current Limit {Ta, = 25°C) Isc - 0.2 - A
Vin = 35 Vde
Peak Cutput Current (T ) = 25°C) Imax - 2.2 - A
Average Temperature Coefficient af Output Voltage TCV¥g - 04 - mviC
ELECTRICAL CHARACTERISTICS (Vin = 14 V.10 =10 A T = Tiow to Thigh [Note 1], unleas otherwisa nated.)
MC7808AC
Character|stic Symbol Min Typ Max Unkit
Oulput Voltage (T, = 25°C) Vo 784 8.0 818 Ve
Cutput Voltage (5.0 mA < lg < 1.0 A, Pp < 15W) Vo 7.7 B0 a3 Vde
10.6 Vdo £ Vin < 23 Vde
Line Reguiation (Note 2} Refgine my
10.6 Ve £ Vi £ 25 Vde, I = 500 mA - 6.0 15
11 Vde = Vi s 17 Ve, Ig=10A - 1.7 18
10.4 Ve < Vi < 23 vde, T = 25°C - 5.0 15
Load Regulation {Nate 2) Regjaag m/
SO0mAzlns1.5A, Ty=25C - 1.4 25
50mAcip<10A - 1.0 25
290 mA < In <750 mA - 0.22 15
Cuiescant Current B - 3.3 80 i,
Quiescent Current Change Alg ma,
11 Ve < Vip < 25 Vde, Ig = S00 mA - - 0.8
106 Ve £ Win s 23V, 1= 1.0A, Ty=25°C - - ok:]
50ma=zlg<10A - - g5
Ripple Rejection RR 58 62 -~ de
.5 Vdc £ Vip £ 21.5 Ve, f= 120 Hz, Ig = 500 mA
Dropout Voltage (Ig = 1.0 A, T = 25°C) Vi-Vo - 20 - Vide
Output Noise Yaltage (Ta = 25°C) Vi - 10 - uvihvg
10 Hz = < 100 kHz
Quiput Resistance f= 1.0kHz o] - 08 - mid
Short Circuit Cumrent Limit (T, = 25°C) lse - 0.2 - A
Vin =25 vdc
Peak Qutput Cumrent (T = 25°C}) max - 22 - A
Average Temperature Coefficiant of Output Voltage TCVo - -0.4 - mVi“C

NOTES: 1. Tigy = ~40°C for MCTBXXAC. G Thign = +125°C for MCTEXXAC, C

2. Load and fine reguiation are fied a1

saparately. Puise testing with low duty cycha is Used.

Jurction evmperature. Chanpes in Vo dus o healing effacts musi be taken imo accounl

MOTOROLA ANALOG IC DEVICE DATA
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MC7800, MC7800A, LM340, LM340A Serles
ELECTRICAL CHARACTERISTICS (Vin = 15 V. 1o = 500 mA, T = Tiow 10 Trigh {Noe 1], uniess athenwise noted.)

MCT809CT
Characteristic Symbed Min Tvp Max Unk
Output Voltage (T ; = 25°C) Vo 865 4.0 9.35 Vdeo
Output Voltage (5.0 mA<In<10A Pps15W) Vo 8.55 2.0 9.45 Vide
11.5 Ve € Vip < 24 Vde
Line Reguigtion, T; = 25°C {Note 2) Regiine my
11 Vde < Vi = 26 Vde - 8.2 a2
11.5 Vde < Vin = 17 Vde - 1.8 16
Load Ragulation, T = 25°C {Nate 2) ReQipad - 15 35 my
50mAcips1DA
Quiescent Current Ig - 34 8.0 mA
Quiescent Current Change Alg mé
11.5 Vde < Vi £ 26 VdC - - 1.0
S50mAzigs10A - - 05
Ripple Rejection RR 56 81 - dB
H.EVdIe s Wijn£21.5Vde f=120Hz
Dropout Yoltage {lg = 1.0A, T) = 25°C) Vi-Va - 290 - Vde
Qutput Noise Voltage (Ta, = 25°C) Vi - 10 - uvNo
10 Rz <f< 100 kHz
Output Resistance f = 1.0 kHz [£6) - 14 - mq}
Short Circuit Current Limit (Ta, = 25°C) Isc - 02 - A
Vin = 35 Vde
Peak Output Cutrent (T 5 = 25°C) Imax - 22 - A
Average Temperature Coefficient of Cutput Voltage TSV - ] - myrC
ELECTRICAL CHARACTERISTICS (Vin = 19V, Iy = 500 MA, T, = Tjow 0 Thigh [Note 1), uniess otherwise notad )
MCTR12C/LM3A0T-12
Charactertstic Symbel Min Typ Max it
Qutput Viitage (T = 25°C) Vo 1.5 12 12.5 Ve
Output Voltage (5.0 mA < n< 1.0 A Pp < 15 W) Vo 114 12 128 wdc
14.5 Vde < Vi £ 27 Vde
Line Regutation, T; = 25°C (Note 2} REQine my
14.5 Vde < Vi < 30 Ve - 38 24
16 ¥de < Vip < 22 Vde - 0.3 24
148 VdesVin <27V, lp=1.0A - - 48
Load Requlation, T = 25°C (Nate 2} R&gi0ad - 81 80 mv
S0mA<ins 184
Quiescent Current [ - 34 6.5 mA
Quiescant Curent Change Alg mA
14.5Vde < Vi < 30 Vde, Ip=1.0A. Ty = 25°C - - &7
15 Vdc < Wip < 30 Vde - - 0.8
S50maglg=10A - - 0.5
Ripple Rejection RR 55 60 - 4B
15 Wde < Vi = 25 Vde, f= 120 H2
Dropout Voltage (lg = 1.0 A, T; = 25°C) vi=-Vo - 20 - vdc
HOTES: 1. Tigy = ~40°C for MCTEXXAL, C, LMMOAT-XX, LMMOT-XX  Thjgn = +125°C for MCTBXXAC, C. LMISOAT-XX, LMI4OT-XX
2. Load and iine regulaton are hex] &4 tani jurclion lemperature. Changes in V) dus m hasting effects musl be taken inlo acsoum

separawely. Pulse tesling with iow dirty cyche 15 uead.
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MC7800, MC7800A, LM340, LM340A Series

ELECTRICAL CHARAGTERISTICS (continued) (vin = 19V, I = 500 mA, T = Tiow o Thigh {Note 1). uniess ctherwise noted.)

MCTB12CANIOT-12
Characteristic Symbod Min Tvp Max Unit
Output Noise Voltags [Ty = 25°C) Vi - 10 - gVVo
10Hz<f=100kHz
Qutput Resistances f = 1.0 kHz 0 - 11 - mdl
Short Clrouit Cumrent Limit (Ta, = 25°C) lsc - 02 - A
Vi = 35 Vde
Peak Qutput Current {T = 25°C) I max - 22 - A
Average Temperalure Coefficient of Output Voltage TCVp - -0.8 - mviG
ELECTRICAL CHARACTERISTICS (Vjp = 19 V.1 = 1.0A. T = Tjow 10 Trgh [Note 1), uniess atherwise noted.)
MC781ZAC/LMR40AT-12
Characteristic Symbol Min Typ Max Unk
Output Voltage (T = 25°C) Vo 11.75 12 12.25 vde
Cutput Voltage (S0 mA<lg s 1.0A Pp<16W) Vo 1.5 12 12.5 vde
14.8 Vdo < Vi £ 27 Vde
Line Regulation (Note 2) Redine my
14,8 Vdo £ Vi < 30 Vde, |g =500 mA - 8 18
BVdosVips22Vac. lg=10A - 22 0
14,5 Vde < Vin £ 27 Vde, T = 25°C - 6.0 120
Load Regulation {Nate 2) Reioad mv
B0mALIn<15A T)=26C - -~ 25
50mMASIn<1.0A - - 25
Quiescent Current B - 34 80 mA
Quiescent Current Change alg mA
16 Vde < Vip € 30 Vde, 1o = 500 mA - - 0.8
14.8 Vde = Vi £ 27 Vide, T) = 25°C - - 0.8
EO0MASIQ<10A T =25C - - 6.5
Ripple Rejaction RR 55 60 - de
15 Vde < Vi £ 25 Vde, =120 Hz, 1 = 500 mA
Dropout Vioitage (I = 1.0 A, T = 268°G) Vi=Vo - 20 - vde
Output Noise Voltage (Ta = 25°C) Vi - 10 - WA
10 Hz = f< 100 kHz
Output Resistance (f = 1.0 kHz) o - 1.1 - mQ
Shert Circuit Cumrent Limit {Ta, = 25°C) lsc - a2 - A
Vin = 35 Wde
Peak Quiput Curremt (T = 25°C) Tmax - 22 - A
Average Temperature Coefficient of Output Voltage TCVo - 08 - mviC

NOTES: 1. Ty, =—40°C for MCTEXXAC, C, LMBOAT-XX, LM340T-XX  Thigh, = +125-C for MCTBXXAC, C, LM340ATK, LM34QT-20(

2 Load and lina regulation are apecrfied at constam junction lamparsire. Changes m Vo due D heatng effects muat ba Lakan into accounl
saparalaly. Pulse tesling with low duly oytie is used,

] MOTOROLA ANALOG IC DEVICE DATA
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MC7800, MC7800A, LM340, LM340A Serles
ELECTRICAL CHARACTERISTICS (Vin = 23 V. Ig = 500 mA, T = Tigw o Thigh {Nota 1], uniess otherwise noted.}

MC7B13CLM0T-15

Characteristic Symbaol Min Tvp Max Unit
Output Voltage (T = 25°C) Vo 14.4 15 156 Ydc
Quiput Votage (50mMA < Ig<10A Pp<15W) Vo 14,25 15 16.75 Vdc
17.5 Voo £ Vin £ 30 Vde
Line Reguiation, T = 25°C (MNote 2) Redine my
17.8Vde s Vi €30 Ve - as 30
20 Vdc £ Vi < 26 Vde - a0 28
Load Regulation, T = 25°C {Nate 2) Regiaad - 18 55 my
50mA<lg<15A
Ouiescant Current Ig - s 6.5 mA
Quiescant Cumrant Change Alg mé
17.5\de < Wiy <30 Vde - - 08
17.5Vdo = Vin £ 30 Vde, Ig = 1.0 A, Tj 2 25°C - - 07
S0mA<in<1.0A - - 05
Ripple Rejection RR 4 58 - dB
18.5 Vide < Vi £ 28.5 Vde, f= 120 Hz
Dropaut Voitage (ig = 1.0 A, T; = 25°C) v)-Vo - 20 - vde
Quiput Noise Voltage (T, = 25°C) Vn - 10 - [T )
10 Hz < f< 100 kHz
Output Resistance f = 1.0 kHz (o) - 1.2 - mi}
Shart Circuit Cument Limit {Ta = 25°C) Isc - 0.2 - A
Vin = 35 Vde
Peak Outpul Current (T = 25°C) Imax - 22 - A
Average Temperature Cosfficient of Qutput Voliage TCVo - -1.0 - mvrC

ELECTRICAL CHARACTERISTICS (Vin 23V, I = 1.0 A, T) = Tiow 1© Thigh [Note 1), uniess otherwise noted.)

MC7813ACLMMOAT-15

Characteristic Symbol Min Tvp M Unit
Oulput Vohage (T ) = 25°C} Vg 147 15 15.3 Vde
Oulput Votega (S0mA<lg< t0A PO s 15W) Vo 14.4 15 156 Vo
17.8Vde < Vin £ 30 Vde :
Line Reguiation {Note- 2) Reging my
17.9 Vda < Vjp < 30 Ve, g = 50D mA - 85 20
20 Vde < Vi £ 26 Vdo - 30 22
175Vde =V =30 Vde, Ig=1.0A, T = 25°C - 7.0 20
Load Regulation (Note 2) Redinad mv
SO0mMAZI0S15A,T)=25°C - 18 25
50mAsins10A - 1.5 25
250 mA <o < 790 mA - 1.2 15
Quiescent Current g - 35 6.0 mé
Quiescent Current Change Alg A
17.5 Vo £ Vin £ 30 Ve, 1o = S00 mA - - 08
175Vde < Vin <30 Vde, 1o = 1.0A, Ty =25°C - - 08
50mac<ig=10A - - 0.5
NOTES: 1, Ty = —40°C for MCTRXXAC, C, LMMEAT-XX, LMMOT-XX  Thigh = +125°C for MCTBXXAC, C. LM340AT-XX, LMM40T-20C
2. Load and line reguiation are ified at unet W . Changes in ¥ due o heating effes must ba taken imo account

separaaly. Puise testing with low duly cycie & used
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MC7800, MC7800A, LM340, LM340A Sories

ELECTRICAL CHARACTERISTICS {continued) (Viq = 23 V. Ig = 1.0 A, T = Tjow Yo Thigh [Note 1], urdess otherwise noted.)

MCT7815AC/LNGA0AT-15

Charactaristic Symbal Min Typ Max Unit
Ripple Rejection RR 60 80 - 4B
18.5 Vde < Vip < 28.5 Ve, = 120 Hz, Iy = 500 mA
Dropout Voltage (Io = 1.0 A, T = 25°C) Vi~Vo - 2.0 - Vdc
Quipul Noise Voltage (Ta, = 25°C) Vi - 10 - ¥V
10 Hz < < 100 kHz
Oulput Resistance f = 1.0 kH2 rQ - 12 - mi2
Short Circuit Curment Limit {Ta = 25°C) Isc - 6.2 - A
Vin =35 yde
Peak Cutput Current (T = 25°C) Imax, - 22 - A
Average Temperature Coefficient of Qutput Vottage TCVo - =-1.0 - my°C
ELECTRICAL CHARACTERISTICS (Vin = 27 V. lo = 500 mA, T = T b0 Thign [Note 1], unless ctherwise noted.)
MCTa18C
Characteristic Symbol Min Tvp Max Unit
OQutput Voltage {Tj = 25°C) Vo 173 18 18.7 Ydc
Output Voltage (SO0 mA<Ig s 1.0A Pps 15 W) Vo 17.% 18 18.9 Vdo
21 Vdc < Vip 5 33 Vde
Line Regulation, {Mote 2} Reglina my
21 Vde = Vi £ 33 Vde - g5 50
24 Vde £ Vip < 30 Vde - 3z 25
Load Regulation, (Nale 2) Reégiaad - 2.0 55 my
S0mAsips15A
Quiescent Current B - 35 6.5 mA
Quiescent Current Changse Alg mé
21 Ve 5 Vip 5 33 Vae - - 1.0
SOmAzlg<t0A - - 05
Ripple Repection AR 53 57 - dB
22Vde £ Vi = 33 vde, f= 120 Hz
Dropout Voltage {lg = 1.0 A, T = 25°C) Vi~V - 20 - Vde
Cuiput Nolse Voltage (T = 25°C) Vn - 10 - uvivp
10 Hz < f< 100 kH2z
Quiput Resigtance f= 1.0 kH2 0 - 1.3 - mid
Short Circuit Current Limit {Ta, = 25°C) lsg - 0.2 - A
Vin = 35 vde
Peak Output Current (T = 25°C}) Imax - 22 - A
Averbge Temperature Coefficient of Cutput Voltage TCVo - =15 - my/*C

NOTES: 1. Tipy = =40°C for MC7BXRAC. C Thigp = +125°C for MCTAXXAC, C

2. Load and line reguiation are specified a1 constant junclion emperature. Changes in Vg dum to beatng affects must be taken inle account

separmely. Pulse lesting with low duty cycle s used.

10

MOTOROLA ANALOQG IC DEVICE DATA




126

MC7800, MC7800A, LM340, LM340A Sories
ELECTRICAL CHARACTERISTICS (Vin =27 V. g = 1.0 A, T =Tiow to Thigh [Note 1}, unless otherwise noted.)

MC7818AC
Charactepistic Symbol Min Typ Max Unit
Output Voltage (T = 25°C} Vo 17.64 18 18.36 Ve
CQutpul Vohage (50mA< I 10A PR 15W) Vo 17.3 18 18.7 Vdc
21 Vde < Vip < 33 Vide
Line Regulation (Note 2) Regline my
21 Vde < Vi £ 33 Vde, I = S00 mA - g5 22
4Vdo L Vin <0 Vde, Ip=1.0A - a2 25
24 Vde< Win s Vde, Ig=1.0A T )= 25°C - 32 10.5
20.6VdC £ Vips33Wde, ig=10A T ;=25C - 80 22
Load Regulation (Note 2) Reginad my
80mA<ln<15A,T)=25C - 20 25
50mAzlg<1.0A - 1.8 25
250 mA < in < 750 MA - 18 15
Quiescent Currert Ig - 35 0 mA
Quiescant Current Change Alg mA
2t vde £ Vjn =33 Vde, lg =500 mA - - o8
24.5Vde £ Vi £ 30 Vac, T = 25°C - - ok}
5.0mAs|ns10DA - - a5
Ripple Rejection RR 53 57 - de
22 vde < Wjn < 32 Vde, f= 120 Hz, Ig = 500 mA
Orapout Voitage {lg = 1.0 &, T = 25°C} Vi-Yo - 20 - vie
Cutput Noise Voltage (Ta = 25°C) Vi - 10 - whg
10 Hz < f< 100 kHz
Qutput Resistance f = 1.0 kHz o - 13 - mil
Shart Circuit Cument Limit (Ta, = 26°C) Isc - 0.2 - A
Vi = 35 Vde
Peak Quiput Curent (T = 25°C) Imax - 22 - A
Average Temperature Coefficient of Qutput Voltage TCVo - -1.5 - myrC
ELECTRICAL CHARACTERISTICS (Viq = 33 V. lo = 500 mA, Ty = Tjaw 10 Thigh {Mate 1], urless otherwise noted.)
MCTEI4C
Characteristic Symbol Min Typ Max Unk
Cutput Vollage (T = 25°C) Vo 23 24 25 Vde
Qutput Voltage (5.0 mA < Ig = 1.0 A, Pp < 15 W) Vo 28 24 252 Vde
27 de £ Vi < 38 Vdc
Line Regulation, {Note 2) Reéline my
27 Yde £ Vi £ 38 Vde - 27 a0
30Vde < Vi < 36 Vde - 27 48
Luad Regulation, (Nate 2) RéQinad - 4.4 88 my
50mAc<ig<15A
Quiescent Current 1] - 36 €5 mA
Quiescent Current Change Alg ma
27 VA6 £ Vi < 38 Vde - - 10
BOmA<In<IDA - - 0.5
NOTES: 1. Tjgy, = —I0°C for MCTSXSAC,C  Thigh = +125°C for MCTRXXAC. C
2_Lnad and line reguiaton are specfied at L junction Emperaiure. Changes in ¥ dua o heating sffects musl De taken it acoount

pparately. Pulsa tesling with low duly cyche is used,
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MC7800, MC7800A, LM340, LM340A Series

ELECTRICAL CHARACTERISTICS (contlnuad) (Vin = 33V, I = 500 mA, T § = Tigny to Thigh [Note 1], uniess ctherwise noted }

MCTB4LC
Characteristic Symbuol Min Typ Max Unit
Ripple Rejection RR 80 54 - dB
28Vde < Vin <38 Ve, f=120He
Dropout Veltage (Ig = 1.0 A, Ty =25°C) Vi-¥o - 20 - Vde
Quiput Noise Voitage (Ta = 25°C) Vi - 10 - pviVo
10 Hz < f< 100 kHz
Qutput Resistance £ = 1.0 kHz (o) - 1.4 - mi}
Short Cirguit Current Limit (Ta, = 25°C) Ise - 02 - A
Vin =36 vde
Peak Output Current {Tj = 25°C) Imax - 22 - A
Average Temperaturs Cosfficient of Quipit Voltags TCVg - -2.0 - mviFC
ELECTRICAL CHARACTERISTICS [vjy =33V, Ig = 1.0 A, T = Tjoy to Thigh [Note 1], unless otharwise noted.)
MCT7BZ4AC
Characteriatic Symbwol Min Typ Max Unit
Quiput Voltage (T = 25°C) Vo 235 24 24.5 Ve
Qutput Voltage (50 MASIn<1.0A PD <15 W) Vo 2.2 24 258 vde
27.3Vde £ Vin < 38 Vde
Lina Regulation {Nota 2) Regine my
27 Wde = Vin < 38 vde, |g = 500 mA - 15 25
WVdesVin=36 vde, lg=1.0A - 38 28
30 Wde < Vi < 36 de, T = 25°C - 3.8 12
26.7 Vde s Vin< 38 Ve, In=1.0A, T =25°C - 10 ril
Load Reguiation (Note 2) Reglcad my
S0MA<In<S18A T)=25C - 21 15
SomA<ins10A - 2.0 25
250 mA< Ig < 750 mA - 18 15
Quiescent Current Ig - 38 8.0 mA
Quigscent Currert Change Alp LA
27.3 Ve < Vi < 38 Vdc, |o = 500 MA - - 08
27 Vde < Vi = 38 Vide, Ty = 26°C - - 08
50mA<Ins1.0A - - 05
Rippte Rejection RR 45 54 - 48
28 Vde = Vip = 38 Ve, 1= 120 Hz. Ig = 500 mA
Dropout Valtage (lg = 1.0 A, T, = 25°C) Vi-Vo - 2.0 - vde
Qutpul Noise Voltage (T, = 25°C) Vn - 10 - uvivio
10 Hz < f= 100 kHz
Outpul Resistance (f = 1.0 kHe) Q - 14 - mi)
Shert Circuit Curren Lim#t (T, = 25°C) Isc - 0.2 - A
Vin = 35 Vde
Peak Outpud Curreet (T = 25°C) Imax - 2.2 - A
Average Tempecature Coefficient of Qutput Voltage TCVo - =20 - mviC

KOTES: 1. Tigyy = ~40°C for MCTEXXAG, G Thygh = +125°C for MC7BXXAC, ©

2. Load and ling reguiation are specisd et comaban jurction mperature. Changes in e dua 1o heming effects musl be taken into account
separately. Puise testng with low duty cycle is used.
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MC7800, MC7800A, LM340, LM340A Series

Figure 1. Peak Output Current as a Function of
Input/Output Differantial Voltage (MC7BXXC, AC}

Figure 2. Ripple Rejection as a Function of
Output Voltages (MCT8XXC, AC)
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Figure 3. Ripple Rejection as a Function of Figure 4. Output Voltage as a Function of
Frequency (MCT8XXC, AC) Junction Temperaturs {MC7205C, AC)
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Figure 5. Quiput Impedance as a Function of Figure 6. Quiescent Current 2a a Function of
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MC7800, MC7800A, LM340, LM340A Series
APPLICATIONS INFORMATION

Design Considerations

The MC7B00 Series of fixed voltage regulaiors are
designed with Thermal Overload Protection that shuts down
the circuit when subjected to an excessive power overioad
condition, Intemal Short Circuit Protection that limits the
maximurn current the circuit will pass, and Qutput Transistor
Safe-Area Compensation that reduces the output short
circuit cumment as the voitage across the pass transistor is
increased.

In many low current applications, compensation
capacitors are not required. However, it i8 recommended
that the reguiator input be bypassed wilh a capacitor if the
regulator is connected to the power supply fiter with long

Flgure 7. Current Reguiator

r——="1
Tnput MCTRDS
0.33pF b R Constant
I Curent to
= —w Grounded
In  Load

The MCTE00 reguiators can aso be used 25 & CUIME S00e when
connected as shove. |n onder © minimize diRsipaton the MCTBOSC is
chasan in this applcation. Resistor R cetermines the cument as follows:

_bBO0V
IO__R +lg

B = 3.2maover line and load changes.

For example, 3 1.0 A cument souree wouid require R to be 3 5.8 (3
10W resastor and the output valiage compliance woukd be the :nplt
voirmge isss 7.0V

Figure 9. Current Boost Regulator

Reourge  M2935 or Equw.
tnput a1

0.3 pF

I |

MC7EXX b—e Quinud
| I
1.0eF T

T = 104F

XX = 2 digits of type number indicating volage,

The MCT300 series can be current boosted with a PNP transistor. The
Mi2955 prowides cument o 5.0 A, Resmstot R in conpmetion with the Vgg
of the PNP determines when the pass transistor begina conduching: this
crzutis notshort cirewu proo. Mputioutpu diffsretial vortage minimum i
ivcreased by Vpg of the pass transistor,

wire lengths, o if the output load capacitance is large. An
input bypass capacitor should be seiected to provide good
high—frequency characteristics o inswre stable operation
under all load conditions. A 0,33 pF or farger antalum,
mylar, or other capacitor having low internal impedance at
high frequencies should be chosen. The bypass capacitor
should be mountad with the shortest possible leads directly
across the regulators input terminals. Normally good
construction techniques should be used to minimize ground
loops and lead resistance drops since the regulator has no
external sense legad.

Figure 8. Adjustable Qutput Regulator

———=1 Quiput
—se0]| MC7BO5 |O 1 .
Input Loy ——

= 0.33 F = 0.1 pF

A1\

10k

Vo=7oViD20Y
ViN=Yo=220V¥

The addition of an operational ampifer allows adjusimert to highar or
intermexiate values whie refining requisbon charecteristics. The
mnimum voltags citainabie with this emangement i 2.0 V greater than the
regulater voltage.

Figure 10. Short Circult Protection

MJ2955

Rsauree Rsc or Equiv.

Inpet

XX = 2 digits of ype number Indicating voltage.

The aircut of Figure % can be modified by provide sUpply prtecion against
short cireus by adding a shod circet sense redmbar, Rep, and an
acidibional PNP transiskor. The curment sensing PHP must be abis o handle
the shart circuit cumek of the three—temmunal mguiator. Therefore, 2
four-arpare plastic pover iransisior is specified.

14
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MC7800, MC7800A, LM340, LM340A Series

Figure 11. Worst Case Power Dissipation versus Figure 12. Input Output Differantial as a Function
Ambient Temperature {Case 221A) of Junction Temperatura (MC78XXC, AC)
2 T T Th—
; Bg = O " Ip=104A
= = G5 4 = bE P
Z 1 OhS = T | ——— Ty = 150°C — "9_‘ 20|00 1 -
5 \ \ > E k= 2“i mA | = -
& 2 C G L S Ny g
) P =5 215| lgrmA S rmm——l o
3 \HHTS CEP z . e
! [ =0 ma
& a0 M g = ,5w\ g Y L kdialit W
3 \_\__ \\ \\ 5 & t
S 40 = HGLEHR [, \\\\ =68 Vg =26 dVg
— S 1 £ === Extandad Curve ot MCTAXXE
0 | ——\ . L1
5y =% 0 5 5 SO 125 150 - & -F 0 5 =] FL T N ]
Ta, AMBIENT TEMPERATURE {*C} T, JUNCTION TEMPERATURE (*C)
Figure 13. DZPAK Thennal Resistance and Maximum
Power Dissipatlon versus P.C.B. Copper Length
80 35
T 11 :
55 N o 4= 5
m E‘ & N ;Vmw /‘ 26 B
[ " [+ 4
- d N L
3 Z N4 Winimum 3
i 5 M~ s P =
ClT T =
i3 77 2
n'_': Sy P, 15 ;
i
3 10
0 50 13 15 2 % 0
4. LENGTH OF COPPER (mm}
DEFINITIONS
Line Regulation — The change in oulput voltage for a Quiescent Current — That part of the input cument that is
change in the input vollage. The measurement is made under nat delivered to the load.
conditions of low dissipation or by using pulse techniques such Output Nolea Voltage — The s ac voltage at the cutput,
that the averaga chip tsmperature is not signficantly affected. with constant Icad and na inpit rippie, measured over a
Load Reguiatlon — The change in ouiput voltage for a specified frequency range.
change in load currant at constant chip iempsrature. Long Term Stablilty - Output voltage stability under
Maximum Power Dissipation - The maximum fotal accelerated life test conditions with the maximum rated
device dissipation for which the regulator will operate within voltage listed in the devices' electrical charactenistics and
specifications. maximim power dissipation.
) Motorola reserves tha right 1o maka mn&e_s:vﬂh._;&nrrther rmin:a fo any products her;u_n_ Emla rnake; n reaen ‘_'_'_::r____ ?egarung

Iha suitability of its products for any parbeular purpose, nor does Matorola assume any lability arising ot of the application or use of any product of creuit, and
spedifically disciaima any and all Habilty, lndudmg without limilation cwnequenhai mnmdeﬂlaldamces “Typical” parameters which may be provided in Motorola
data shests analor specifi ddovary in different appli yvary overtime. Aliog including “Typicals™
must be validated for each cusl by 's technical experts. M GoRe nol conyey any l«:ense under itg petent rights rar tha rghts of -
olhers. Motorola products are not dasngned intended, or anthonzed lor use as components in systams intended far surgecal implant into the body, or other
applcations ntanded Lo suppon or suglaindife. of for any other application in which mefmlureoﬂhe Mutomla product could creat A siluation where parsonal injury
ordeathmay oocir, Should Buyer purchase of use Motorola products for any such dad or ication, Buyar shall indemnify and hotd Motorola
and its officers, empiwaes subsidianas, afilates, and dnlﬂhulm harmiess aganst all claima, costs, dnmagas and axpansas, and reasonable atormey fees
arising ou of, dirscity o indirectly, any caim of p  injury or death with sueh uni dad or unautherized usa, even if such claim alleges 1hat
Mulors was negligent regarding the design ar f: of the pan. Motorola and @ are regisiered trademarks of Motorela, Inc. Motorola, inc. 1g an Equal

Opportuntyl Afirmative Action Employer.
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MC7800, MC7800A, LM340, LM340A Series

OUTLINE DIMENSIONS
T SUFFIX
PLASTIC PACKAGE
CASE 221A-08
ISSUEY
WOTES:
1. CAMENSIONING AMD TCLERANCING PER ANS|
SHATHG 145 160,
P y N WAERE AL, 500Y 480
3 DUMZ DEFINES A ZOWE >
— -~ F —=C LEAD IRREGULARITIES ARE ALLOWED
! e
scall |
7 e L e Ly
A N | Thad |
Q : A - 0 | O | G | 1038 |
121 | i M R 2
# l u p 09 | M| ¢ ¥
i | O T
H 1 =) E =]
T K T | BoE8 | 280 | 369 )
2- e
4 he i
00 | 029 | 383 | 51
L ba— R g | 08 | oM | 1K
G0 | 210 | 2o | 2
v B J o6 | iGe | L | 1%
! 75 | D255 | 561 | a4
Q [+ .%'”u.n_:a [ F
le — D v Jams ] - [ ] -
N fu— - jot) - | je]
D2T SUFFIX
PLASTIC PAGKAGE
CASE 936=02
{D2PAK)
ISSUER NOTES:
1 OMMENSIONING AN TOLERSMCING PER ANS!
Y1454, 158
= TERMINAL 4 2 CONTHOLLING (MENSICN: [HCH,
3 TAB CONTELR OPTICNAL WITHIN DIMENSIONS
e — ,| ARND K
L A E a 4 DAMJENSIONS L AND Y ESTAELISH A MIKIUM
MOUNTING SURFACE FOR TERMINAL 4.
5 CIMENSICNS & AND B 00 NOT INCLUDE NOLD
K FLAEF OR GATE PROTRLEICNS. TAOLD FLASH
ANG GATE PROTRUSKINS KOT TO £XCEED
8 £.025/0LE35 NAXIMUM.
DWCHER | MRLLMETERS
F | omi | WA | | wax
i fia | cad |:0208
2|03 o 7l EFH
— M L ¢ 38
A J —_—F
o—= N— R ]
[@os050D I
R
T 1 F]
c 1]
4 Y
Mfaz is a mademark of Molerola. Inc.
How to reach us:
USAIEUROPE/L ot Livted: Motoma & ib Dhstribution; JAPAK: Nippon Motorola Lid - SPD. Stratege; Planning Offes, 4-12-1,

P.0. Box 5405. Denver, Colorado 0217, 1-200-675-2140 or 1-800-441-2447

Customer Focus Center, 1-800-524-8174

Mim™: RMFAXO@email epa.mot.com — TOUCHTONE 1-502-244-6608
- US & Canada DHLY 1-800-774-1048

Mool Fax Back Sysiem

- hop-fsps. mowmla comdmfax!

HOME PAGE: hitpfmotorola comispa

@ MOTOROLA

Nishi-Gotanda, Shinagewa—ku, Tokyo 141, Japan, 31-2-54B7-8488

ASIA/PACTFIC: Malorola Semconducions HK. Lid.; 8B Ta Fing ndustrial Fark,
51 Ting Kok Road, Tai Po, N.T. Hong Kong, 852-26820298
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