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Abstrac

Our world nowadays, we develop and use technology to make life easier. But
we also make this world full of pollution. So, we have to create new technology to
solve this problem.

This project will focus on the air pollution problems. By using ozone gas that can
clean up air. But ozone gas will cause problem to respiratory system when you take it
more than necessary. So, we create ozone generator with monitoring function. We use

ozone gas sensor for help ours that control ozone gas volume.
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MNANTindNiSEsans hiandsulaswaiwessandauain 0, du o,

2. msli¥sddanialaletan viovaan UV 3%‘511za%’ﬁqmmaii:uﬁmaaﬁw‘la‘lﬁulﬂqaﬁ’n
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3,000 Uaud/Hu (Uszaas 56 Alandu/dalin)
auvasielaloudisil

1. shielsaldmiaialaswuuaiids hlndalsauaznauniv) fnanududy
0.01-0.04 ppm

2. vane ndu esiall wasfefuldnd

13

l:‘n’ = t 2 d] aaa s o 5 v a A o
3. LWifisiwanfing insrediovhufiSerdunafivas annesaesldoantiau (0, Mduulda

=y

Uiqvid Sadumsinuidandenin
4. anunsondnduliaanernieialy asusnaiivinly
5. anansanuadlaiesd1ednludi
6. Aldrelumslinunaztsednndmnn ueglilénaenlulifo oo dsusil

- a o
willauasisunauau



a P a o = v oo & o a 4
mindnasewmdnuialelyunasaiswmsniuunialeleuiuaziigunsalifldlunisudni

o w ¢ ° v a [-d 5 -] 14 L) s oa & ok = 5
iy Foilitasesmdauialelauduinuliedt diusz@vgam Tnsguasaitldlun sudniy

ANANNSVIU Al

2.1 viaaslalyu

S22

AT IR rra g 114

-

Uil 2.2 eanlalyu
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ufialeleu (Ozone gas) Wuufasssunusismnd wasiindanulunsinjazen
= L 1 o 1 4 o = @ Qs ﬂ" o A‘
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1) gwelsalasamiilagmzsuuafiGenvinlminlsa taznauwiiiuirnuudy
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2) yanandu asiedl uazunanvlan
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WAMITANUTSITIA nrsthdeminde wazhisainlssugeamns Wewanuialelyud
naaniAlunswenduasiitnd yilihdefieedelddeatgnwannefonaiuas ma
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omaansanduiniuihila wasaudnvuzveniiinaulddufivieanmadon
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Ei 1 I ar A
JUn 2.3 undednglihusesiugennudes

msassauiinirmduginislunaeandalalyuvih lilaed e fnd nih usefuged
Falwihaneuen uaznigluvaean@alolon msldu sl nssuasssfevi s Ananinan
uannvesezmauu fauasilufiald (electrical “breakdown) vesen aflguvgil 20 ave
waldea ANdY 1 usseama desldamumduauulnife 3 x106 Vm %'!aﬁrthamﬂ
vains s wiuliihnssuaaduanuigeasiliniuanivesenouufaiiniid dd
yiflnsindn fafu uwndsdrglnilius siugeiidne I funaeandnlolaus siuwuunssuaady
uazadge TBmsadreindlnihuseiuiigaitesrslivasanantoloy vnldlnaldnsioulaq
Tl Lﬁmmﬁulwﬁﬂﬁqﬁu Lﬁﬁlﬁléx’ﬂizﬁm%qumaxﬁﬁﬁqgm oo Fudenldmsuvas
wsssulwiuuy Switching power supply Tnevimsuuasussdulninssuaadu 220 V, 50
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supply uam‘lﬂauwumw'lugﬂﬁ 24



1 2 3
ACloDC High Frequency
Rectifier& | — Switching = f—> —
Filter Circuit
1-10 kHz 1-10kv
Ll HighFrequency  Ozone
Step Up Tube
Transformer

gﬂﬁ 2.4 m3virauyes Switching power supply (Surapon Boonduang?)

913U 23 asiivdnmsvinu fedl

1) usssiulwihnssuaadu 220 Vi, 50 Hz vsgnulasdunssiuliihnssuanseUsena
300 Vpc lagldlalenSeensuua (Rectifier diode) uawiiifiulsyq

2) #nddidnmseiind 2 yn Feararnmudawmesyin 1307 (Insulate Gate Bipolar
Transistor; IGBT) viwtinfiadudalnilnassuanss 300 Ve i dreldunnsauasitofiy
usedulrtihanuige

3) wsssulniuasddnihvsmfauianiuussdulnianrwiladufusasdiy
uuseuvesnatnuiduaswieen wazrinveswnuildussiulninseuaaduiildly
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wuwe sufdlelvuldnadularinmududurewialelay fausdn 10 ppb 81 1000
ppb Fuhlllunisaseasugmuamasteimea wielddwmiunuidonnaey Gasniiunld
Juaunsalmuauns @Wa - Ta wiewdauialeley
TnaueiRsd

1) aaalun159i197u 10 ppb - 1000 ppb

2) ANUAIUNIU sensing: 100 kQ — 200 kQ

3) TusesulvihereenSudy 2 Vo

4) Tussulniends 5 vy

5) wwadurhugudnats 18 mm, Mg 17 mm (53%7), ANLE8IT 6 mm

]

X
i

P o €
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= 1w & v oA
4 ay 6 WwansanulluuIIuIavIaen




10

2.4 29935931093 LM324N (Integrated Circuit LM324N; IC LM324N)

Output 1 Output 4
Input 1- Input 4-
Input 1+ Input 4+
Vee GND
Input 2+ Input 3+
Input 2- Input 3-
Output 2 Output 3

Ut 2.7 JUARIYBINTITINLDS LM324N

WATIIUWDT LM324N Hv1 14 91 2935 mUsvnsumefvgnedase wieseuuoud

(Op — amp) 4 1 samegaelunianades sedtendfisnsive tegs S srensaiulnihme
o v o 1 o 2/ 01 =t A w vy vaa
deyyravdnuansn e wavina sl idy g ameenitosriied ussulwih v eeniléfde

(Y =‘ i o 41! I a i g 2/ 3 &
usesului igendus siulvih Annnsiefussnintdy e ndvidssvo sosduaud
annsndlyidludmveedygia Fuvfeuitsuns sl sadedugia 295809
nszud a4 FeAnurliiisessanliluasaseduuial slvu atielumsvenedyao

) = o ) o o Vo
wiwiulrihuasFouieuuswulwih il wuwesunaleloulasu
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2.5 293359UU83 LM7805 (Integrated Circuit LM7805; IC LM7805)

TO-220
GND

1. Input
1 2.GND
3. Output

Ul 2.8 JUlARITEYIASTIUeS LMT7805

WATTIWUOS LM7805 & 3 1iunsasmnililurassnwsesuuseiulnih (Voltage
Regulator Circuits) AnuaatLsarulwiivreaneesnas lagrsassmiidaimnsaulas
wsasiu v andaniifg 8 - 20 Ve Wunssulwihaneanvesasasi 5 Voc dininleainaees
suues LM7805 uldlussesaseduuialelou iiedsmueuuseiulnfingid1veas

MI793ULNE LD ey

fA19319 2.2 LLaﬂﬁﬂmElﬂJ‘ij‘C?}‘UEN'N‘ﬂii?NLU’ﬂg LM7805

daya AnauTR
LIIFUE W 2
L3IAUYIBDN 4.65 Vpe — 5.35 Ve
NIzuaYIaan 500mA-1A
maslniisay <15W
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2.6 31ad (Relay)

= <l s
gﬂw 2.9 a8

Saddugunsaidlanvsetindivhutihiiiuaiod \0n - Ia 295 Ineldusivdnluih uay
msfiadliadhauisesoussdulnidg 5 Voc Wi tsdlodnsusesulmiilffudsiad as
Wl dudaRetunaoluasle lavasasetrurudililds jousewulnin asnanedy
29500 usesulwih AldaulifuiSadasussduliihfiunaimiss veurs sanaduuia

-~

Tolou Astuiuindamiawsilnsiadinny duadewsiasunsalelautnsiadunldidy

= § o - o d = o
it Ua-Wa IinuwSaswdauialolay
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Statement

This manual copyright belongs to Zhengzhou Winsen Electronics Technology Co., LTD. Without the
written permission, any part of this manual shall not be copied, translated, stored in database or
retrieval system, also can’t spread through electronic, copying, record ways.

Thanks for purchasing our product. In order to let customers use it better and reduce the faults
caused by misuse, please read the manual carefully and operate it correctly in accordance with the
instructions. If users disobey the terms or remove, disassemble, change the components inside of
the sensor, we shall not be responsible for the |oss.

The specific such as color, appearance, sizes &etc, please in kind prevail.

We are devoting ourselves to products development and technical innovation, so we reserve the
right to improve the products without notice. Please confirm it is the valid version before using this
manual. At the same time, users’ comments on optimized using way are welcome.

Please keep the manual properly, in order to get help if you have questions during the usage in the

future.

Zhengzhou Winsen Electronics Technology CO., LTD
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MQ131 Ozone Gas Sensor (Low Concentration)

Profile

Sensitive material of MQ131 gas sensor is WO3, which
with lower conductivity in clean air. When the ozone
gas exists, the sensor’s conductivity gets lower along
with the gas concentration rising. Users can convert
the change of conductivity to correspond output
signal of gas concentration through a simple circuit.
MQ131 ozone gas sensor has high sensitivity to
ozone, and also has sensitivity to strong oxide such as
Cl,, NO, &etc. It responses oppositely to organic
interference gases.

Features

It has good sensitivity to ozone in wide range, and has advantages such as leng lifespan, low cost and
simple drive circuit &etc.

Main Applications

Itis widely used in domestic ozone concentration alarm, industrial ozone concentration alarm and
portable ozone concentration detector.

Technical Parameters Stable.1
Model MQ131
Sensor Type Semiconductor
v
Standard Encapsulation Plastic cap
Target Gas Ozone
Detection range 10~~1000ppb Ozone
Loop Voltage Ve <24V DC
Standard Circuit
Heater Voltage Vy 5.0V+0.1V AC or DC [
Conditions 2 i
Load Resistance Ry Adjustable o .
Heater Resistance Ry 340430 {room tem.) m‘ -—-—fm
i 9
Bomsonicherisiar Heater consumption Py <500mwW .
unidlerssindind e Sensitivity S Rs(in 200ppb 03)/Rs(in air)22 @
Cofititione Output Voltage AVs 21.0V{in 200ppb 0s)
Concentration Slope a £0.6{Rsgoppn/ R1copss O3)
Tem. Humidity 20°C+2°C; 55%+5%RH
Standard test Ve:5.0v+0.1V:
Standard test circuit
conditions Vg 5.0V+0.1V
Preheat time Over 48 hours

NOTE: The change of Output voltage({/AVs) is the difference value
between Vg, in test environment and Vg, in clean air .

Figl.Sensor Structure
Unit: mm

Tel: 86-371-67169097/67169670 Fax: 86-371-60932988

Email: sales@winsensor.com
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Basic Circuit

Ve °
AC or

& L
DC5V | | ] [
+0.1V s =L

| 0.1V

Ve
DC 5V

&
o Vi

Fig2. MQ131 Test Circuit

Instructions: The above fig is the basic test circuit of MQ131The sensor reguires two voltage inputs:

heater voltage (Vy) and circuit voltage(Vic). Vi is used to supply standard working temperature to the

sensor and it can adopt DC or AC power, while Vi, is the voltage of load resistance R, which is in series with

sensor. Ve supplies the detect voltage to load resistance R, and it should adopts DC power.

Description of Senser Characters

il

oot A bt L i bitid SEIEEE
0 Concentration(ppb) 190  sgm { ppb}

Fig3.Typical Sensitivity Curve
The ordinate is resistance ratio of the sensor (Rs/R;), the
abscissa is concentration of gases. Rs means resistance in
target gas with different concentration, R, means
resistance of sensor in clean air. All tests are finished

under standard test conditions.

Fig4Typical temperature/humidity characteristics
The ordinate is resistance ratio of the sensor (Rs/Rso).Rs
means resistance of sensor in 200ppb 05 gas under different
tem. and humidity. Rso means resistance of the sensor in
200ppb O; gas under 20°C /55%RH.

Tel: 86-371-67169097/67169670 Fax: 86-371-60932988 Email: sales@winsensor.com
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Fig5.Sensitity Curve
Fig5 shows the Vy in 05 gas with different concentration.
The resistance load R, is 1 MQ and the test is finished in

Figb.Responce and Resume

sensor into target gas and removing it out.
standard test conditions.

Cautions

1 .Following conditions must be prohibited
1.1 Exposed to organic silicon steam

Sensing material will lose sensitivity and never recaver if the sensor absorbs organic silicon steam.
Sensors must avoid exposing to silicon bond, fixature, silicon latex, putty or plastic contain silicon
environment.

1.2 High Corrosive gas

If the sensors are exposed to high concentration corrosive gas (such as H.S, 50,, Cl;, HC etc.), it will
not only result in corrosion of sensors structure, also it cause sincere sensitivity attenuation.

1.3 Alkali, Alkali metals salt, halogen pollution

The sensors performance will be changed badly if sensors be sprayed polluted by alkali metals salt
especially brine, or be exposed to halogen such as fluorine.

1.4 Touch water
Sensitivity of the sensors will be reduced when spattered or dipped in water.

1.5 Freezing
Do avoid icing on sensor’s surface, otherwise sensing material will be broken and lost sensitivity.

1.6 Applied higher voltage

Applied voltage on sensor should not be higher than stipulated value, even if the sensor is not
physically damaged or broken, it causes down-line or heater damaged, and bring on sensors’
sensitivity characteristic changed badly.

1.7 Voltage on wrong pins i &
For 6 pins sensor, Pin 2&5 is heating electrodes, Pin (1,3)/(4,6) are testing N _/’ '
electrodes (Pin 1 connects with Pin 3, while Pin 4 connects with Pin 6).f 2 > < |
apply voltage on Pin 1&3 or 4&6, it will make lead broken; and no signal &

putout if apply on pins 2&4.

-

4

Fig7. Lead sketch

2 .Fallowing conditions must be avoided
2.1 Water Condensation

Tel: 86-371-67169097/67169670 Fax: 86-371-60932988 Email: sales@winsensor.com

Fig5 shows the changing of Vg in the process of putting the
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Indoor conditions, slight water condensation will influence sensors’ performance lightly. However, if
water condensation on sensors surface and keep a certain period, sensors’ sensitive will be decreased.
2.2 Used in high gas concentration
No matter the sensor is electrified or not, if it is placed in high gas concentration for long time, sensors
characteristic will be affected. If lighter gas sprays the sensor, it will cause extremely damage.
2.3 Long time storage
The sensors resistance will drift reversibly if it's stored for long time without electrify, this drift is
related with storage conditions. Sensors should be stored in airproof bag without volatile silicon
compound. For the sensors with long time storage but no electrify, they need long galvanical aging
time for stability before using. The suggested aging time as follow:

Stable2.
Storage Time Suggested aging time
Less than one month No less than 48 hours
1~ 6 months No less than 72 hours
More than six months No less than 168 hours

2.4 Long time exposed to adverse environment
No matter the sensors electrified or not, if exposed to adverse environment for long time, such as high
humidity, high temperature, or high pollution etc., it will influence the sensors’ performance badly.
2.5 Vibration
Continual vibration will result in sensors down-lead response then break. In transportation or
assembling line, pneumatic screwdriver/ultrasonic welding machine can lead this vibratian.
2.6 Concussion
If sensors meet strong concussion, it may lead its lead wire disconnected.
2.7 Usage Conditions
2.7.1For sensor, handmade welding is optimal way. The welding conditions as follow:
®  Soldering flux: Rosin soldering flux contains least chlorine
® homothermal soldering iron
® Temperature: 250°C
® Time: lessthan 3 seconds
2.7.11f users choose wave-soldering, the following conditions should be obey:
®  Soldering flux: Rosin soldering flux contains least chlorine
® Speed: 1-2 Meter/ Minute
® Warm-up temperature: 100+£20°C
® Welding temperature: 250+10°C
®  One time pass wave crest welding machine

If disobey the above using terms, sensors sensitivity will reduce.,

Zhengzhou Winsen Electronics Technology Co., Ltd

Add: No.299, Jinsuo Road, National Hi-Tech Zone,
Zhengzhou 450001 China

Tel: +86-371-67169097/67169670

Fax: +86-371-60932988

E-mail: sales@winsensor.com

Website: www.winsen-sensor.com

Tel: 86-371-67169097/67169670 Fax: 86-371-60932988 Email: sales@winsensor.com



LM124, LM124A, LM224, LM224A
LM324, LM324A, LM324Y, LM2902, LM2902Q
QUADRUPLE OPERATIONAL AMPLIFIERS

SLOS066E- SEPTEMBER 1975 — REVISED FEBRUARY1997

® Wide Range of Supply Voltages: LM124, LM124A ... J OR W PACKAGE
Single Supply...3Vto 30V ALL OTHERS... D, DB, N OR PW PACKAGE

(LM2902 and LM2902Q opviav
3 Vto 26 V), or Dual S_upplles 1ouT(] W) 14l 40UT
® Low Supply Current Drain Independent of 1IN-=] 2 1a[] 4IN-
Supply Voltage ... 0.8 mA Typ 1IN+[] 3 12[] 4IN+
® Common-Mode Input Voltage Range Veel] 4 11l GND
Includes Ground Allowing Direct Sensing 2IN+{] 5 10[] 3IN+
Near Ground 2IN—[] & a[] 3IN-
® Low input Bias and Offset Parameters: 20UT(] 7 s|] 3oUT
Input Offset Voltage . .. 3mV Typ
A Versions...2 mV Typ
Input Offset Current... 2 nA Typ LM124, LM}?;‘: ws\fg PACKARE
Input Bias Current. .. 20 nA Typ
A Versions ... 15 nA Typ Z"éO%Z‘
® Differential Input Voltage Range Equal to —TZ3 ¥
Maximum-Rated Supply Voltage ... 32V 4 '3—";“'1—“2—0“@'
(26 V for LM2302 and LM2902Q) 1IN+ ] 4 i8] 4iN+
® Open-Loop Differential Voltage NC {] 5 17[] NC
Amplification . .. 100 V/mV Typ Vee % 6 16% GND
. NC {17 15| NC
® Internal Frequ m
nternal Frequency Compensation o f s S~ ) 134[ SiN
description i T [ Y b
: = e |
These devices ~consist of - four -independent B <3 3
high-gain frequency-compensated operational 3, 8

amplifiers that are designed specifically to operate
from a single supply overawide range of voltages.
Operation from split supplies is also possible symbol (each amplifier)
when the difference between the two supplies is
3 V1o 30V (for the LM2902 and LM2902Q, 3V to

NG — No internal connection

26 V) and Vg is atleast 1.5 V more positive than IN- —-

the input comman-mode voltage. The low supply ouT
current drain is independent of the magnitude of N+ .

the supply voltage.

Applications include transducer amplifiers, d¢ amplification. blocks, and all the conventional operational
amplifier circuits that now can be more easily implemented in single-supply-voltage systems. For example, the
LM124 can be operated directly from the standard 5-V supply that is used in digital systems and easily provides
the required interface electronics without requiring additional +15-V supplies.

The LM2902Q is manufactured to demanding automotive requirements.

The LM124 and LM124A are charactetized for operation over the full military temperature range of —=55°C to
125°C. The LM224 and LM224A are characterized for operation from —25°C to 85°C. The LM324 and LM324A

are characterized for operation from 0°G to 70°C. The LM2902 and LM2902Q are characterized for operation
from —40°C to 125°C.

PRODUCTION DATA information is current as of publicafion date.

Pfudget)s conform to specifications per madtsrms of Texas lry‘s‘trfmenx %
testing uf‘;lilr;;’r);’rlnhm ! e yinelu TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3—i

Gopyright @ 1997, Texas Instruments Incorporated




LM124, LM124A, LM224, LM224A
LM324, LM324A, LM324Y, LM2902, LM2902Q
QUADRUPLE OPERATIONAL AMPLIFIERS

SLOS066E- SEPTEMBER 1975 - REVISED FEBRUARY1997

AVAILABLE OPTIONS
PACKAGED DEVICES
CHIP
Vipmax | smaLL VERY cHIP | CERAMIC | PLASTIC FLAT
T g FORM
A 1 AT25°C | ouTLINE oL | CARRIER DIP DIP T(ﬁfv?f PACK |
(o)t + (FK) ) (N) w)
(DB)
0°C to 7mV LM324D LM324DBLE —— -_ LM324N LM324PWLE — LM324Y
70°C 3mv LM324AD — — — LM324AN | LM324APWLE —
—25°Cig | 5S5mV LM224D — — — LM224N = —
85°C 3mv LM224AD — — — LM224AN — —
—40°C to LM2902D — — LM2902N —
- 7mvV LM2802DBLE LM2302PWLE —
125°C LM2902QD — — LM2802QN —
-55Cto| 5mv — == LM124FK | LM124) | — — LM124W
125°C 2mv s — LM124AFK | LM124Ad - .
tThe D package is available taped and reeled. Add the suffix R to the device type (e.g., LM324DR).
¥ The DB and PW packages are only available left-end taped and reeled.
schematic (each amplifier)
‘ t—— Vec
= B-lLA = G-jA =100-pA
Current Current Current
Regulator Regulator Regulator
L
L
—— OUT
IN - I/,
IN + ! ~50uA ;;7
reent
i Regulator
- P
To Other
Amplifiers
COMPONENT COUNT
(total device)
Epi-FET 1
Transistors 95
Diodes 4
Resistors 1
Capacitors 4

“9 TeExas
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




LM124, LM124A, LM224, LM224A

LM324, LM324A, LM324Y, LM2902, LM2902Q
QUADRUPLE OPERATIONAL AMPLIFIERS

SLOS066E- SEPTEMBER 1975 — REVISED FEBRUARY1997

LM324Y chip information

This chip, when properly assembled, displays characteristics similar to the LM324. Thermal compression or
ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with conductive

epoxy or a gold-silicon preform.

T O S O 1 e e e 0 0 By

la
I

|
g

()}
N

BONDING PAD ASSIGNMENTS

]l!ll{|l1|liIllll‘!'l!ill,llilI!llrlll[lIIILIIllllilikliilillillill

CHIP THICKNESS: 15 TYPICAL
BONDING PADS: 4 x 4 MINIMUM
Tymax = 150°C

TOLERANCES ARE + 10%.

ALL DIMENSIONS ARE IN MILS.

PIN (1) IS INTERNALLY CONNECTED
TO BACKSIDE OF CHIP.

‘E’ TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



LM124, LM124A, LM224, LM224A
LM324, LM324A, LM324Y, LM2902, LM2902Q
QUADRUPLE OPERATIONAL AMPLIFIERS

SLOSOE6E— SEPTEMBER 1975 — REVISED FEBRUARY1987

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

tm;::’ fiea tn:lzz;afé UNIT
LM324, LM324A
Supply voltage, Vo (see Note 1) 32 26 A
Differential input voltage, V|p (see Note 2) +32 +26 \
Input voltage, V| (either input) —0.3t0 32 -0.310 26 \
Duration of output short circuit {one amplifier) to ground at (or below) Ta = 25°C, unlimited unlimited

Vo £ 15 V (see Note 3)
Continuous total dissipation

See Dissipation Rating Table

LM124, LM124A -55t0 125
. _ LM224, LM224A ~251t0 85
Operating free-air temperature range, Ta °G
LM324, LM324A 0to 70
LM2902, LM2302Q -4010125
Storage temperature range —6510 150 -6510 150 °G
Case temperature for 60 seconds FK package 260 G &
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds |.J or W package 300 300 °C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds | D, DB, N, or PW package 260 260 %

T Siresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. Allvoltage values {except differential voltages and Vo s specified for the measurement of lpos) are with respect to the network GND.

2. Differential voltages are at IN + with respect to IN —.
3. Shert circuits from outputs to Voo can cause excessive heating and eventual destruction.

DISSIPATION RATING TABLE

PACKAGE Ta<25°C DERATING DERATE Tp =70°C Ta = 85°C Ta =125°C
POWER RATING FACTOR ABOVE Tp POWER RATING POWER RATING POWER RATING
D 900 mW 7.6 mW/°C 32°C 611 mw 497 mW N/A
DB 775 mW 6.2 mW/°C 25°C 496 mW 403 mW N/A
FK 900 mW 11.0 mW/sC 68°C 878 mW 713 mW 273 mwW
J(LM124 ) 900 mW 11.0 mW/°C 68°C 878 mW 713 mW 273 mw
J (all others) 900 mW 8.2 mW/°C 40°C 654 mW 531 mW N/A
N 500 mW 8.2 mW/°G 52°C 734 mW 596 mW N/A
PW 700 mW 5.6 mW/°C 25°C 448 mW 364 mW N/A
W 900 mW 8.0 mW/°C 37°C 636 mW 516 mwW 186 mwW

‘5‘ TeExas
INSTRUMENTS

3-4 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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electrical characteristics at specified free-air temperature, Vee = 5 V (unless otherwise noted)

PARAMETER T t + Lii124, LM224 LN324 L2902, LM2002Q -
Red CHNDITIONS Ta MIN __ TYPS MAX| WIN  TYPS WAX| WIN  TYPS  WAX
Voo =5 Vio MAX, 25°C 3 5 3 7 3 ¥
v I fiset volt; ; mv
0 nput offse age Vic=V|cpmin, Vo=14V Full range 7 P 10
' [ - i 9 14V 25°C 2 30 2 50 2 50 A
nput offset curren =1, n
e i °© Full range 100 150 300
| | 5 v v 25°C ~20 -150 -20 —-250 -20 —-250 A
nput bias current =14 n
s ¥ Q Full range -300 —-500 ~500
Oto Oto Oto
25°C Vee- Vee- Vee~1
Common-mode input 1.5 1.5 -5
Vicr voltage range Voo 5V to MAX 0to Oto ¥
Full range | Voo Voo g
g Ll cc Vog-2
2 2
A 3 ¥ocs Voo
RL=2kQ 25°C i) N
RL =10k o Vee-1
VoH High-level output voltage L=d 25°C 5 v
Voo = MAX, R =2k Full range 26 26 22
Voo = MAX, RL 210k Full range 27 28 27 28 23 24
VoL Low-level output voltage RL <10 k@ Full range 5 20 5 20 5 20 mv
- Large-signal differential Vec=15V, Vo=1Vio 11V, 25°C 50 100 25 100 100 o
VD voltage amplification R =22kQ Full range 25 15 15 )
CMRR Common-mode rejection ratio | Vg = Vjcpmin 25°C 70 80 65 80 50 80 dB
Supply-voltage rejection ratio
25°C 65 100 65 100 50 100 dB
KSR (avpoiavio)
Vo1/Vog Crosstalk attenuation f=1KkHz to 20 kHz 25°C 120 120 120 dB
Voo=15V,.  Wjp =1V, 25°C ~20 -30  -60| -20 -30 -60f -20 -30  -60
Vo=0 Full range 10 —-10 -10 i
m
o Output current Veg=15VY, Vip=—-1V, 25°C 10 20 10 20 10 20
Vo=15V Full range 5 5 5
Vip=-1V, Vo = 200 mV 25°C 12 30 12 30 30 pA
55 Short-circuit output current Jopdisk, Voo 25°C +40  +60 +40 460 +40 460 | mA
Vo=25V, No load Full range 0.7 1.2 0.7 i.2 0.7 1.2
lee Supply current (four amplifiers) | v = MAX, mA
VO=05Vee,  Noload Full range 1.4 3 1.4 3 1.4 3

t All characteristics are measured under open-loop conditions with zero common-made in

and LM2902Q, 30 V for the others.

% Full range is ~55°C to 125°C for LM124, —25°C to 85°C for LLM224, 0°C to 70°C for LM324, and —40°C to 125°C for LM2902 and LM2502Q.

§ Al typical values are at Tp = 25°C.

put voltage unless otherwise specified. MAX Vo for testing purposes is 26 V for LM2902

§—3990S0718

H3d40 31dnyav

4661 AHVYNYE34 d3SIAIY — 5261 UIANILJT

no

H31dITdINY TYNOILY
0621 AVZEINT “YHZENT ‘e
VP2eINT ‘Y22 ‘VEZLINT ‘bZLINT

020621
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electrical characteristics at specified free-air temperature, Vo = 5 V (unless otherwise noted)

LM124A LM224A LM324A
FARAMETER TEST CONDITIONS T Ta¥ MIN TYPS MAX| MIN TYPS MAX| MIN s wax| UNT
i 25°C 2 2 8 2 3
Vio Input offset voltage 5%:: Vﬁcvgtstii? V'Vo A S T . . mv
25°C 10 2 15 2 30
lio Input offset current Vo=14V nA
Full range 30 30 75
25°C -50 =15 -80 -15 -100
g Input bias current Vo=14V nA
Full range ~100 -100 —-200
0550 Oto 0to Oto
—_— Common-mode input Voe=30V Vee-1.5 Vec~1.5 Vee—1.5 "
voltage range e s Oto Ota Oto
Voo=2 Voeo-2 Veg-2
R =2kQ 25°C Vee—1.5 Yee—-1.5 Veo-1.5
VOoH High-level output voltage Voe=80V, RL =2k Full range 26 26 26 v
Veg=30V, R >10kQ Full range 27 27 28 27 28
Vol Low-level output voltage Ry = 10kt Full range 20 5 20 5 20 mv
wo Lot [ibo g ¥or Y T e |z > s
CMRR Common-mode rejection ratio Vic = Vicrmin 25°C 70 70 80 65 B0 dB
ksvRr %ﬁgg",mge Tajaction faia 25°C 65 65 100 65 100 dB
Vo1/Vogz Crosstalk attenuation f=1kHz to 20 kHz 25°C 120 120 120 dB
Vcc=15V, Vip=1V, 25°C -20 —20 -30 -60 -20 ~30 -B60
Vo=0 Full range -10 -10 -10
le} Output current Voe=15V, Vip=-1V, 25°C 10 10 20 10 20 mA
Vg=15V Fulf range 5 5 5
Vip==1V, Vo =200 mV 25°C i2 12 30 12 30 HA
los Short-circuit output current ECC}ZE{I; R e & 25°C +40 +60 +40 +60 +40 +60 mA
Vo=25V, No load Fullrange 0.7 1.2 0.7 1.2 0.7 1.2
lce Supply current (four amplifiers) :g%:dsn v, Vo =15V, Eillfaiigs Y4 \ 14 8 1.4 3 mA

ey r-
| ot
==
S &3 2
coRR
lmw -
Yookl ol o
fu==
mi G b
SN
il g
m%_]b?
Sme e
= =
P N
3R
PO <=
oz |
e =
TSR
sZEL
=g
e
T =
mne
8
o
o

¥6—11—/ :8jeq ases|ay siejdwa}

1 All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified.
¥ Full range is —55°C to 125°C for LM124A, —25°C to 85°C for LM224A, and 0°C to 70°C for LM324A.
§ Al typical values are at Tp = 25°C.



LM124, LM124A, LM224, LM224A

LM324, LM324A, LM324Y, LM2902, LM2902Q

QUADRUPLE OPERATIONAL AMPLIFIERS

SLOS066E — SEPTEMBER 1975 — REVISED FEBRUARY 1997
m

electrical characteristics, Vo = 5V, Ta = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONST Lgaty UNIT
MIN TYP  MAX
Vio Input offset voltage 3 71 mv
lio Input offset current Vec=5Vto MAX, Vig=V|ggmin, Vg=1.4V 2 50 nA
I Input bias current -20 -250 nA
Common-mode input voltage Oto
VicR range Voo =5Vio MAX Veo-15 v
VoH High-level output voltage RL =10k Vec—-1.5 V
VoL Low-level output voltage RL <10k 5 20} mv
Large-signal differential .
Ayp voltage amplification Veg=15V, Vo=1Vio 11V, RL22k 15 100 Vimyv
CMRR  Common-mode rejection ratio V|G = Vicrmin 65 80 dB
Supply-voltage rejection ratio
KSVR  (aVges/avio) 8 100 B
Voe=15V, Vin=1YV, Vo=0 -20 —-30 —60
ls) Qutput current Voo=15V, Vip ==1V, Vo=15V 10 20 mA
Vip=1V, Vo =200 mV 12 30
los Short-circuit output current Vogatby, GND at-5V, Vg=0 +40 +60 mA
Vo=25Veeo, No load 0.7 1.2
Icc Supply current (four amplifiers) 2 g mA
Voo = MAX, Vo =0.5Vee, No load 1.1 3

T All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. MAX Vg for
testing purposes is 30 V.

“? TExas
INSTRUMENTS
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IMPORTANT NOTICE

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

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with Tl’s standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUGTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE ("CRITICAL
APPLICATIONS"). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INGLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'’S RISK.

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

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

Copyright © 1999, Texas Instruments Incorporated
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L7800
SERIES

POSITIVE VOLTAGE REGULATORS

OUTPUT CURRENT TO 1.5A

s OUTPUT VOLTAGES OF 5;5.2; 6; 8: 8.5;9;
10;12; 15; 18; 24V

s THERMAL OVERLOAD PROTECTION
= SHORT CIRCUIT PROTECTION
= OUTPUT TRANSITION SOA PROTECTION

DESCRIPTION

The L7800 series of three-terminal positive
regulators is available in TO-220, TO-220FP,
TO-220FM, TO-3 and D?PAK packages and
several fixed output voltages, making it useful in a
wide range of applications. These regulators can
provide local on-card regulation, gliminating the
distribution problems associated with single point
regulation. Each type employs interal current
limiting, thermal shut-down and safe area
protection, making it essentially indestructible. If
adequate heat sinking is provided, they can
deliver over 1A output current. Although designed

TO-220FP
-22
Sl ian TO-220FM

&

. . h 2 g
primarily as fixed voltage regulators, these D°PAK To-3
devices can be used with external components to
obtain adjustable voltage and currents.
Figure 1: Schematic Diagram
o Shss g
ELEMENT
GENERATOR PROTELTION
L
it VOLTAGE NPLIPER
THERMAL
PROTECTION
1 GAND
PTG
Rev. 12

November 2004
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L7800 SERIES

Table 1: Absolute Maximum Ratings

Symbol Parameter Value Unit
v DC Input Voltage for Vo= 51to 18V 35 V
: for Vo= 20, 24V 40
lo Qutput Current Internally Limited
Piot Power Dissipation Internally Limited
Tstg Storage Temperature Range -65 to 150 C
1, Operating Junction Temperature | for L7800 -55t0 150 C
P |Range for L7800C 0 to 150

Absolute Maximum Ratin

not implied.

Table 2: Thermal Data

gs are those values beyond which damage to the device may occur. Functional operation under these condition is

Symbol Parameter D2PAK | TO-220 |TO-220FP| TO-220FM | TO-3 Unit
Rinj-case | Thermal Resistance Junction-case Max 3 5 5 5 4 °C/W
BlisEanit 'hl;li;irmal Resistance Junction-ambient 625 50 60 50 35 /W
Figure 2: Schematic Diagram
QO IN
rjn& R18 RB
a8
Q12
QA4
RS
Qa1 QOouT
(3] Qb6
Qs
ne [Joao
5 R16
an
km ]m R1 R2 <
: C1
Q7
J [Jos
Qi Qz Q3
R10 R3 14
| — & & &
S~4 958 J-

2/34
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L7800 SERIES

Figure 3: Connection Diagram (top view)

O

[ —————— outpuT
| 3 GROUND
3 INPUT

Cs05710

TO-220 (Any Type)

TO-220FP/TO-220FM

| ———— outeut
= T ane
| e NPT

CS05700

\J
——3 OUTPUT
GND ]
1 INBWT
o\
PC11920
D?PAK (Any Type) TO-3
Table 3: Order Codes
T0-220 | TO-220 | T0-220 2 DFPAK

TYPE | (aype) | fcotyre) W BT ( AI?I‘yF;yAe')( o ((CT 1;,,33) TO-220FP | TO-220FM | TO-3

L7805 L7805T
L7805C | L7805CV | L7805C-V | L7805CV1 [L7805CD2T| L7805C-D2TR| L7805CP | L7805CF | L7805CT
L7852C | L7852CV L7852CD2T L7852CP | L7852CF | L7852CT

L7806 L7806T
L7806C | L7806CV_| L7806C-V L7806CD2T L7806CP_| L7806CF | L7806CT

L7808 L7808T
L7808C | L7808CV | L7808C-V L7808CD2T L7808CP | L7808CF | L7808CT
L7885C | L7885CV L7885GD2T L7885CP | L7885CF | L7885CT
L7809C | L7809CV | L7809CV L7809CD2T L7809CP | L7809CF | L7809CT
L7810C | L7810CV L7810CD2T L7810CP

L7812 L7127
L7812C | L7812CV | L7812C-V L7812CD2T L7812CP | L7812CF | L7812CT

L7815 L78157
L7815C | L7815CV | L7815C-V L7815CD2T L7815CP | L7815GF | L7815CT

L7818 L7818T
L7818C | L7818CV L7818CD2T L7818CP_| L7818GF | L7818CT

L7820 L7820T
L7820C | L7820CV L7820GD2T L7820CP | L7820CF | L7820CT

L7824 L7824T
L7824C | L7824CV L7824CD2T L7824CP | L7824CF | L7824CT

(*) Available in Tape & Reel with the suffix "“TR".

3]
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L7800 SERIES

Figure 4: Application Circuits

o -L‘ L78XX .2143
V.

Vi Ci 3 Co

$-2709/2

TEST CIRCUITS

Figure 5: DC Parameter

Vi = Y%

$-2708/2

Figure 6: Load Regulation
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L7800 SERIES

Figure 7: Ripple Rejection

510

470uF S-2711

120Hz —lﬂ_

Table 4: Electrical Characteristics Of L7805 (refer to the test circuits, Ty =-55to 150°C, V, = 10V,
lo =500 mA, C; = 0.33 uF, Cq = 0.1 uF unless otherwise specified).

Symbol Parameter Test Conditions Min. | Typ. | Max. Unit
Vo |Output Voltage e 2510 4.8 5 5.2 v
Vo  |Output Voltage lo=6mAto1A Po<15W 4.65 8 5.35 \

Vi=8ta20V

AV(*) [Line Regulation Vi=7to25V Ty=25°C 3 50 mV
Vi=8to12V T,=25°C 1 25

AVq(*) |Load Regulation lo=5mAto1.5A Ty=25C 100 mV
lo = 250 to 750 mA Ty= 25 25

Iq Quiescent Current J[=25 °G 6 mA

Aly  |Quiescent Current Change [lo=5mAta] A 0.5 mA
Vi=81t025V 0.8

AV/AT |Output Voltage Drift lo =5mA 0.6 mV/°C

eN Output Noise Voltage B =10Hz to 100KHz iP) = 25 40 UV g
SVR | Supply Voltage Rejection Vi=8t018V f=120Hz 68 dB
Vq |Dropout Voltage lg=1A  T;=25°C 2 2.5 v
Ro  |Output Resistance f=1KHz 17 mQ
lsc  |Short Circuit Current V=35V T,;=25%C 0.75 1.2 A
lscp | Short Circuit Peak Current | T, = 25°C 1.3 22 3.3 A

(*) Load and line regulation are specified at constant junction temperature. Changes in Vi due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.

g
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L7800 SERIES

Table 5: Electrical Characteristics Of L7806

(refer to the test circuits, T = -55 to 150°C, Vi=11V,

lo =500 mA, C, = 0.33 pF, Co = 0.1 yF uniess otherwise specified).

Symbol Parameter Test Conditions Min. Typ. | Max. Unit
Vo |Output Voltage Ty=25°C 5.75 6 6.25 \
Vo |Output Voltage lo=5mAto1A Po < 15W 5.65 6 6.35 Vv

Vi=9to21V

AVq(*) |Line Regulation Vi=8to25V Tj=25C 60 mV
Vi=9t013V T,=25C 30

AVg(*) |Load Regulation lo=5mAto1.5A Ty=25C 100 mV
lp = 250 to 750 mA T=25% 30

lq Quiescent Current Ty=25°C 6 mA

Alg  |Quiescent Current Change lo=5mAto1A 0.5 mA
Vi=9to25V 0.8

AV/AT | Output Voltage Drift lo=5mA 0.7 mV/°C

eN  |Output Noise Voltage B =10Hz to 100KHz T;=25°C 40 uViVg
SVR | Supply Voltage Rejection Vi=9to 19V f=120Hz 65 dB
Vg | Dropout Voltage lg = TR —Ty=25C 2 2.5 v
Ro |Output Resistance f=1KHz \ 19 mQ
lsc | Short Circuit Current Vi=35V T,=25%C 0.75 1.2 A
lsep | Short Circuit Peak Gurrent |T wis 250 1.3 A2 3.3 A

(*) Load and line regulation are specified at constant

separately. Pulse testing with low duty cycle is used.

junction temperature. Changes in Vg due to heating effects must be taken into account

Table 6: Electrical Characteristics Of L7808 (refer to the test circuits, Ty = -65to 150°C, V, = 14V,
lo =500 mA, G, = 0.33 uF, Cg = 0.1 PF unless otherwise specified).

Symbol Parameter Test Conditions Min. | Typ. | Max. Unit
Vo  |Output Voltage Ty=25°C 7.7 8 8.3 \
Vo  |Output Voltage lo=5mAto1 A Po s 15W 7.6 8 8.4 \'

Vi=11.5t023 V

AVg(*) |Line Reguiation Vi=10.5t025V W y=25°C 80 mV
Vi=11t017V Ty=25C 40

AVg(*) |Load Regulation lo=6mAto1.5A Pl =ra56G, 100 mV
lo =250 to 750 mA ¥, =20°C 40

Iy Quiescent Current Ty=25°C 6 mA

Aly  |Quiescent Current Change [lg=5mAto 1A 0.5 mA
Vi=11.5t025V 0.8

AV/AT | Output Voltage Drift lo=5mA 1 mV/<C

eN  |Output Noise Voltage B =10Hz to 100KHz Tj=25°C 40 uViVo
SVR | Supply Voltage Rejection Vi=11.5t0215V f=120Hz 62 dB
V4  |Dropout Voltage lo=1A T;=25°C 2 2.5 v
Ro  |Output Resistance f=1KHz 16 mQ
lsg Short Circuit Current Vi=35V T;=25°C 0.75 1.2 A
lscp | Short Gircuit Peak Current |T, = 25°C 13 2.2 3.3 A

(*) Load and line regulation are specified at constant

separately. Pulse testing with low duty cycle is used.
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Table 7: Electrical Characteristics Of L7812 (refer to the test circuits, T = -55 to 150°C, V, = 19V,
lo =500 mA, C; = 0.33 uF, Cg = 0.1 pF unless otherwise specified).

Symbol Parameter Test Conditions Min. Typ. | Max. Unit
Vo |Output Voltage Ty=25% 11.5 12 12.5 Vv
Vo |Output Voltage lo=5mAto1A Po < 15W 1.4 12 12.6 v

V;=1551027 V

AVg(*) |Line Regulation Vi=145t030V Ty=25°C 120 mV
Vi=16to 22V Ty=25C 60

AVp(*) |Load Regulation lo=5mAto15A Ty=25°C 100 mV
lo =250 to 750 mA T,=25°C 60

lq Quiescent Current Ty=25°C 6 mA

Aly  |Quiescent Current Change [lg=5mAto 1A 0.5 mA
Vi=15t0 30 V 0.8

AV/AT |Output Voltage Drift lo =5 mA 1.5 mV/°C

eN  |Output Noise Voltage B =10Hz to 100KHz T =259 40 JIAVAVPSY
SVR |Supply Voltage Rejection Vi=15t025V f=120Hz 61 dB
Vg4 [Dropout Voltage lg=TA¢—Ty=25C 2 25 v
Ro |Output Resistance fiz A-KHE 18 mQ
lsc | Short Gircuit Current Vi=35V T;=25%C 0.75 1.2 A
lsep | Short Circuit Peak Current |T, = 25°C 1.3 a2 3.3 A

(*) Load and line regulation are specified at constant
separately. Pulse testing with low duty cycle is used.

Table 8: Electrical Characteristics Of L7815 (refer to the test circuits, T )

lo = 500 mA, Gy = 0.33 uF, Cg = 0.1 uF unless otherwise specified).

junction temperature. Changes in Vg due to heating effects must be taken into account

-55t0 150°C, V, = 23V,

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Vo  |Output Voltage T,=25°C 14.4 y 15.6 \
Vo  |Output Voltage lo=5mAto1A Pos15W 14.25 15 15.75 v

Vi=18.5t0 30 V

AVp(*) |Line Regulation Vi=17.5t0 30V T 452570 150 mV
V=20t026V T,=25C 75

AVg(*) |Load Regulation lo=5mAto1.5A Ty=25°C 150 mV
lo =250 to 750 mA Ty=25C 75

lg Quiescent Current Ty =26C 6 mA

Aly  |Quiescent Current Change [lo=5mAto 1A 0.5 mA
V|=18.5t030 V 0.8

AV/AT | Output Voltage Drift lo=5mA 1.8 mV/C

eN | Output Noise Voltage B =10Hz to 100KHz Ty=25°C 40 | pViVg
SVR |Supply Voltage Rejection V=185t 28.5V f=120Hz 60 dB
V4  |Dropout Voltage lo=1A T;=25C 2 25 v
Ro | Output Resistance f=1KHz 19 mQ
lsc | Short Circuit Gurrent Vi=3V T,;=25°C 0.75 1.2 A
lscp | Short Circuit Peak Current [T =25°C 1.3 2.2 3.3 A

(*) Load and line regulation are specified at constant
separately. Pulse testing with low duty cycle is used.

7

junction temperature. Changes in Vg due to heating effects must be taken into account
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Table 9: Electrical Characteristics Of L7818 (refer to the test circuits, T

lo =500 mA, C, = 0.33 pF, Co = 0.1 yF unless otherwise specified).

o 7 "‘55 tO 150‘0, Vi = 26\/’

Symbol Parameter Test Conditions Min. | Typ. | Max. Unit
Vo |Output Voltage Ty=25°C 17.3 18 18.7 Vv
Vo  |Output Voltage lo=5mAto1A Po<15W 17.1 18 18.9 v

V|=22t033V

AVg(*) |[Line Regulation Vi=21t033V Ty=25°C 180 mV
Vi=24t030V Ty=25°C 90

AVp(*) |Load Regulation lo=5mAto1.5A Ty=25C 180 mV
lo =250 to 750 mA Ty=25°C 90

lg Quiescent Current Ty=25°C 6 mA

Aly  [Quiescent Current Change [lo=5mAto1 A 0.5 mA
V=2210 33V 0.8

AV/AT |Output Voltage Drift lo=5mA 2.3 mV/°C

eN  1Output Noise Voltage B =10Hz to 100KHz T;=25% 40 uViVg
SVR |Supply Voltage Rejection Vi=22t0 32V f=120Hz 59 dB
Vq | Dropout Voltage lg=TA—~Ty=25°C 2 2.5 Vv
Rp |Output Resistance f=1KHz 22 mQ
lsc | Short Circuit Current Vi=35V T,=25%C 0.75 1.2 A
lscp | Short Circuit Peak Current siame: 29990 1.3 2.2 3.3 A

(*) Load and line regulation are specified at constant
separately. Pulse testing with low duty cycle is used.

Table 10: Electrical Characteristics Of L7820 (refer to the test circuits, T =

lo =500 mA, Gy = 0.33 uF, Cg = 0.1 pF unless otherwise specified).

junction temperature. Changes in V due to heating effects must be taken into account

-55:to 150°C, V, = 28V,

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Vo  |Output Voltage |25 °0 19.2 20 20.8 \'
Vo |Output Voltage lo=5mAto1A Po<15W 19 20 21 \

Vi=24t0 35V

AVg(*) |Line Regulation Vi=2251t035V T (525G 200 mV
Vi=26t032V T;=25C 100

AV(*) |Load Regulation lo=6mAto1.5A Ty =25 200 mV
lo =250 to 750 mA Ty =25 100

I Quiescent Current Ty=25°C 6 mA

Aly  |Quiescent Current Change [lg=5mAto 1A 0.5 mA
V=240 35V 0.8

AV/AT |Output Voltage Drift lo=5mA 2:5 mV/°C

eN  |Output Noise Voltage B =10Hz to 100KHz Tp=25C 40 uViVg
SVR | Supply Voltage Rejection Vi=24t035V f=120Hz 58 dB
Vg |Dropout Voltage lo=1A T;=25C 2 2.5 v
Ro |Output Resistance f=1KHz 24 mQ
lsc | Short Circuit Current Vi=35V T =25 0.75 1.2 A
lscp | Short Circuit Peak Gurrent [T = 25°C 1.3 2.2 3.3 A

(*) Load and line regulation are specified at constant
separately. Pulse testing with low duty cycle is used.
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Table 11: Electrical Characteristics Of L7824 (refer to the test circuits, T, = -55 to 150°C, V, = 33V,
lo =500 mA, C; = 0.33 puF, Cq = 0.1 pF unless otherwise specified).

Symbol Parameter Test Conditions Min. | Typ. | Max. Unit
Vo |Output Voltage Ty =25°C 23 24 25 Vv
Vo | Output Voltage lo=5mAto1A Po< 15W 22.8 24 25.2 Vv

Vi=28t038V
AV(*) |Line Regulation Vi=27t038V T;=25°C 240 mV
Vi=30to 36V Ty=25°C 120
AVg(*) |Load Regulation lo=5mAto1.5A Ty=25°C 240 mV
lo = 250 to 750 mA Ty=25C 120
lg Quiescent Current Ty=25° 6 mA
Aly  |Quiescent Current Change [lo=5mAto1 A 0.5 mA
V| =28t0 38V 0.8

AV/AT |Output Voltage Drift lo =5 mA 3 mV/°C

eN Output Noise Voltage B =10Hz to 100KHz T,;=25C 40 uViVg
SVR [Supply Voltage Rejection Vi=28t038V f=120Hz 56 dB
V4  |Dropout Voltage lg =TA)—T3=25C 2 25 v
Ro  |Output Resistance f=1KHz 28 m
lsc | Short Circuit Gurrent Vi=35V T;=25C 0.75 1.2 A
lscp | Short Circuit Peak Gurrent |T, = 25°C 1.3 22 3.3 A

{*) Load and line regulation are specified at con
separately. Pulse testing with low duty cycle is

used.

Table 12: Electrical Characteristics Of L7805C (refer to the test circuits, Ty =
lo = 500 mA, G, = 0.33 uF, Cg = 0.1 pF unless otherwise specified).

stant junction temperature. Changes in Vg due to heating effects must be taken into account

010 125, V, = 10V,

Symbol Parameter Test Conditions Min. | Typ. | Max. Unit
Vo  |Output Voltage J13=25°C 4.8 5 5.2 Vv
Vo |Output Voltage lo=5mAtoiA Pg < 15W 4.75 5 5.25 Vv

Vi=7to20V

AV(*) |Line Reguiation Vi=7t025V T4=25%C 3 100 mV
Vi=8toi12V Ty=25°C 50

AV(*) |Load Regulation lp=6mAto15A T;=25°C 100 mV
lg =250 to 750 mA T,=25C 50

I Quiescent Current T; =860 8 mA

Aly  |Quiescent Current Change |ln=5mAto 1 A 0.5 mA
Vi=7t025V 0.8

AV@/AT |Output Voltage Drift log=5mA -1.1 mV/°C

eN | Output Noise Voltage B =10Hz to 100KHz Ty=25C 40 AT
SVR  |Supply Voltage Rejection Vi=8to18V f=120Hz 62 dB
Vg |Dropout Voltage lo=1A T;=25°C 2 v
Ro | Output Resistance f=1KHz 17 mQ
lsc | Short Circuit Current Vi=35V T ;=25C 0.75 A
lscp | Short Gircuit Peak Current | T, = 25°C 2.2 A

(*) Load and line regulation are specified at constant
separately. Pulse testing with low duty cycle is used.

7

junction temperature. Changes in Vo due to heating effects must be taken into account
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Table 13: Electrical Characteristics Of L7852C (refer to the test circuits, Ty = 0to 125°C, V, = 10V,
lop =500 mA, C; = 0.33 puF, Cq = 0.1 pF unless otherwise specified).

Symbol Parameter Test Conditions Min. | Typ. | Max. Unit
Vo  |Output Voltage Ty=25°C 5.0 5.2 54 \
Vo  |Output Voltage lo=5mAto1A Pp < 15W 4.95 5.2 5.45 \

V|=8t020V

AV(*) |Line Regulation Vi=7t025V Ty=25°C 3 105 mV
Vi=8to12V Ty=25°C 1 52

AVg(*) |Load Regulation lo=5mAto1.5A Tj=25C 105 mv
lo = 250 to 750 mA Ty=25°C 52

Iq Quiescent Current Ty=25°C 8 mA

Aly  |Quiescent Current Change [lo=5mAto1 A 0.5 mA
Vi=7t025V 1.3

AV/AT |Output Voltage Drift lo =5 mA -1 mV/C

eN  1Output Noise Voltage B'=10Hz to 100KHz T,=25%C 42 Wi g
SVR |Supply Voltage Rejection Vi=8to18V f=120Hz 61 dB
Vg4 |Dropout Voltage log=1TA — Ty=25°C 2 v
Rp  |Output Resistance f=1KHz 17 me
lsc | Short Circuit Current Vi=35V T,=25C 0.75 A
lscp | Short Circuit Peak Current |T, = 25°C 2.2 A

(*} Load and line regulation are specified at constant junction temperature. Changes in Vg
separately. Pulse testing with low duty cycle is used.

Table 14: Electrical Characteristics Of L7806C (refer to the test circuits, T =
lo = 500 mA, C; = 0.33 uF, Cg = 0.1 uF unless otherwise specified).

due to heating effects must be taken into account

0to 125°C, V, = 11V,

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Vg  |Output Voltage Ty=25°C 5.75 6 6.25 v
Vo |Output Voltage lo=5mAtoi A Po < 15W Lo § 6 6.3 vV

Vi=8to21 V

AVp(*) |Line Regulation Vi=8t025V AA=25°C 120 mV
Vi=9t013V Ty=25°C 60

AV(*) |Load Regulation lo=5mAto1.5A Ty =25°C 120 my
lg =250 to 750 mA T,=25C 60

Ig Quiescent Current Ty =25 8 mA

Aly  |Quiescent Current Change |lo=5mAto1 A 0.5 mA
Vi=8t025V 1.3

AV@/AT |Output Voltage Drift lo=5mA -0.8 mV/C

eN | Output Noise Voltage B =10Hz to 100KHz Ty=25°C 45 JIAVAYRSY
SVR | Supply Voltage Rejection Vi=9i019V f=120Hz 59 dB
Vq | Dropout Voltage lo=1A T;=25%C 2 Vv
Ro  |Output Resistance f=1KHz 19 mQ
lsc | Short Circuit Current Vi=35V T;=25C 0.55 A
lsep | Short Circuit Peak Current [T, =25°C 2.2 A

(*) Load and line regulation are specified at constant
separately. Pulse testing with low duty cycle is used.
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Table 15: Electrical Characteristics Of L7808C (refer to the test circuits, T J=010125C, V,= 14V,
lo =500 mA, C, = 0.33 pF, Cq = 0.1 HF unless otherwise specified).

Symbol Parameter Test Conditions Min. | Typ. | Max. Unit
Vo |Output Voltage Ty =25°C 77 8 8.3 vV
Vo  |Output Voitage lo=5mAto1A Po < 15W 7.6 8 8.4 v

V|=10.5t0 25 V
AV(*) |Line Regulation Vi=105t025V Ty=25°C 160 mvV
Vi=11to 17V Ty=25C 80
AVg(*) |Load Regulation lo=5mAto1.5A Ty=25°C 160 mV
lop = 250 to 750 mA T,=25C 80
I Quiescent Current Ty=25°C 8 mA
Al |Quiescent Current Change lo=5mAto1A 0.5 mA
Vi=10.5t0 25V 1
AVo/AT |OQutput Voltage Drift lo=5mA -0.8 mV/°C
eN | Output Noise Voltage B =10Hz to 100KHz Ty=25°C 52 uViVg
SVR | Supply Voltage Rejection Vi=11.5t0215V f=120Hz 56 dB
V4 Dropout Voltage lo=1A T;=25%C 2 \
Ro |Output Resistance f=1KHz 16 mQ
lsc  |Short Circuit Current Vi=35V T,=25%C 0.45 A
lsqp | Short Circuit Peak Current [T =25 A2 A

(*) Load and line regulation are specified at constant

separately. Pulse testing with low duty cycle is used.

Table 16: Electrical Characteristics Of L7885C

lp =500 mA, C; = 0.33 uF, Cg = 0.1 UF unless otherwise specified).

junction temperature. Changes in Vp due to heating effects must be taken into account

(refer to the test circuits, T J=010 125, V, = 14.5V,

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Vo |Output Voltage Ty=25°C 8.2 8.5 8.8 Vv
Vo | Oulput Voltage lo=5mAtoi A Po<15W 8.1 8.5 8.9 \'

Vi=11t026 V
AV(*) |Line Regulation Vi=11to27 V A fF=N2B°C 160 mV
Vi=11.5t1017.5V iP) = 25°G 80
AVq(*) |Load Regulation lo=5mAto1.5A Ty=25°C 160 mV
lo =250 to 750 mA Ty=25C 80
Ig Quiescent Current T;=25C 8 mA
Alg | Quiescent Current Change |lo=5mAto1 A 0.5 mA
Vi=11to27 V 1
AV/AT | Output Voltage Drift lo=5mA -0.8 mV/C
eN Output Noise Voltage B =10Hz to 100KHz T;=25°C 55 uViVg
SVR | Supply Voltage Rejection  [V,=12t0 22V f=120Hz 56 dB
Vg |Dropout Voltage lo=1A T;=25C 2 V'
Ro | Output Resistance f=1KHz 16 mQ
lsc | Short Gircuit Current Vi=35V T;=25°C 0.45 A
lscp | Short Circuit Peak CGurrent [T, = 25°C 2.2 A

(*) Load and line regulation are specified at constant

separately. Pulse testing with fow duty cycle is used.

7

junction temperature. Changes in Vo due to heating effects must be taken into account
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Table 17: Electrical Characteristics Of L7809C (

refer to the test circuits, T; = 0 to 125<C, Vi=15V,

lo = 500 mA, C, = 0.33 pF, Cp = 0.1 pF unless otherwise specified).

Symbol Parameter Test Conditions Min. | Typ. | Max. Unit
Vo |Output Voltage T;=25C 8.64 9 9.36 vV
Vo Output Voltage lo=5mAto1A Po < 15W 8.55 9 9.45 Vv

Vi=11.5t026 V
AV(*) |Line Regulation Vi=115t026V Ty=25°C 180 mV
Vi=12t0 18V Ty=25C 90
AVo(*) [Load Regulation lo=5mAto1.5A Ty=25C 180 mV
lo =250 to 750 mA T,=25C 80
l4 Quiescent Current Ty=25°C 8 mA
Aly  {Quiescent Current Change lo=5mAto1A 0.5 mA
Vi=11.5t026 V 1

AVo/AT |Output Voltage Drift lg =5 mA -1 mV/°C

eN Output Noise Voltage B =10Hz to 100KHz T;=25% 70 [IAVAYS:
SVR | Supply Voltage Rejection Vi=12t023V f=120Hz 58 dB
Vg Dropout Voltage lo=1A ~T;=25C 2 Vv
Ro |Output Resistance f=1KHz 17 mQ
lsc | Short Circuit Current Vi=35V T;=25%C 0.40 A
lsep | Short Circuit Peak Gurrent |T =25 2.2 A

(*) Load and line regulation are specified at constant
separately. Pulse testing with low duty cycle is used.

Table 18: Electrical Characteristics Of L7810C (refer to the test circuits,

lo = 500 mA, C, = 0.33 uF, Co = 0.1 UF unless otherwise specified).

junction temperature. Changes in Vp due ta heating effects must be taken inta accaunt

Ty=0t0 125, V, = 16V,

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Vo  |Output Voltage [l =25 °C 9.6 10 10.4 v
Vo |Output Voltage lo=5mAto1 A Po < 15W 9.5 10 10.5 '

Vi=12.5t026 V
AV(*) |Line Reguiation Vi=125t026 V ¥ 1 225°C 200 mV
Vi=13.5t0 19V T;=25°C 100
AVp(*) |Load Regulation lo=5mAto1.5A T =r25%(, 200 mV
lg =250 to 750 mA T,=25C 100
I Quiescent Current Ty=25°C 8 mA
Aly | Quiescent Current Change [lo=5mAto 1A 0.5 mA
Vi=125t028 V 1
AV/AT | Output Voltage Drift lo=5mA =1 mV/°C
eN  |Output Noise Voltage B =10Hz to 100KHz Ty=25°C 70 uViVg
SVR  |Supply Voltage Rejection Vi=13to 23V f=120Hz b5 dB
Vg4 |Dropout Voltage lo=1A T;=25°C 2 \
Ro  |Output Resistance f=1KHz 17 mQ
lsc | Short Circuit Current Vi=35V T;=25C 0.40 A
lscp | Short Gircuit Peak Current [T, = 25°C 2.2 A

(*) Load and line regulation are specified at constant
separately. Pulse testing with low duty cycle is used.
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Table 19: Electrical Characteristics Of L7812C

lo =500 mA, C; = 0.33 pF, Cg = 0.1 HF unless otherwise specified).

(refer to the test circuits, T, = 0 to 125°C, V=19V,

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Vo  |Output Voltage Ty=25°C 11.5 12 12.5 Vv
Vo |Output Voltage lo=5mAto1A Po<15W 11.4 12 12.6 '

Vi=145t027 vV
AVg(*) |Line Regulation Vi=145t030 V T;=25°C 240 mV
Vi=16to 22V Ty=25C 120
AV(*) {Load Regulation lo=5mAto15A Ty=25°C 240 mV
lp = 250 to 750 mA Ty=25°C 120
Iq Quiescent Current Ty=25°C 8 mA
Alg  |Quiescent Current Change |lg=5mAto 1A 0.5 mA
Vi=14.5t0 30V 1
AV/AT |Output Voltage Drift lg=5mA -1 mV/G
eN  |Output Noise Voltage B =10Hz to 100KHz T;=25C 75 UV g
SVR  [Supply Voltage Rejection Vi=15t0 25V f=120Hz 85 dB
Vg  [Dropout Voltage lo=1A —~Ty=25°C 2 \Y
Ro |Output Resistance f=1KHz 18 mQ
lsc | Short Circuit Gurrent Vi=35V T,=25C 0.35 A
lsep | Short Circuit Peak Gurrent |T T 22 A

{*) Load and line regulation are specified at constant
separately. Pulse testing with low duty cycle is used.

junction temperature. Changes in Vo due to heating effects must be taken into account

Table 20: Electrical Characteristics Of L7815C (refer to the test circuits, Tj= 010 125°C, V, = 23V,
lo =500 mA, C, = 0.33 uF, Co = 0.1 pF unless otherwise specified).

Symbol Parameter Test Conditions Min. Typ. | Max. Unit
Vo  |Output Voltage Ty=25°C 14.5 15 15.6 \'%
Vo |Output Voltage lo=5mAto1A Po < 15W 1425 | 15 | 1575 \'

Vi=175t0 30 V
AV(*) |Line Regulation Vi=17.5t0 30 V A 4628 °C 300 mV
Vi=20t0 26V T,=25C 150
AVg(*) |Load Regulation lo=6mAto1.5A T;=25°C 300 mV
lg =250 to 750 mA T | = 2685 150
lg Quiescent Current T;=25°C 8 mA
Aly  |Quiescent Current Change |[lo=5mAto 1A 0.5 mA
Vi=17.5t030 V 1
AV@/AT | Output Voltage Drift lo=5mA -1 mV/°C
eN | Output Noise Voltage B =10Hz to 100KHz T;=25°C 90 uViVg
SVR |Supply Voltage Rejection V;=1851t028.5V f=120Hz 54 dB
V4  |Dropout Voltage lo=1A T,=25C 2 \
Ro |Output Resistance f=1KHz 19 mQ
lsc | Short Circuit Gurrent Vi=35V T;=25C 0.23 A
lscp | Short Gircuit Peak Current |T, = 25°C 2.2 A

(") Load and line regulation are specified at constant
separately. Pulse testing with low duty cycle is used.
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Table 21: Electrical Characteristics Of L7818C (refer to the test circuits, T; = 0 to 125°C, V, = 26V,
lo =500 mA, C; = 0.33 uF, Cq = 0.1 puF unless otherwise specified).

Symbol Parameter Test Conditions Min. Typ. | Max. Unit
Vo Output Voltage Ty=25C 17.3 18 18.7 \
Vo  |Output Voltage lo=5mAto1A Po < 15W 17.1 18 18.9 Vv

Vi=21t033V
AV(*) |Line Regulation Vi=21t0 33V Ty=25°C 360 mV
Vi=24t030V T,=25C 180
AVg(*) |Load Regulation lo=5mAto1.5A T;=25°C 360 my
lo = 250 to 750 mA Ty=25°C 180
I Quiescent Current Ty=25°C 8 mA
Alg  |Quiescent Current Change [lo=5mAtai A 0.5 mA
Vi=211033V 1
AVo/AT |Output Voltage Drift lo=5mA -1 mV/°G
eN  Output Noise Voltage B =10Hz to 100KHz Ty=25° 110 uViVg
SVR |Supply Voltage Rejection Vi=22to32V f=120Hz 53 dB
Vg  |Dropout Voltage lg=TA —~Ty=25C 2 Vv
Ro |Output Resistance f=1KHz \ 22 mQ
lsc | Short Circuit Gurrent Vi=35V T,=25%C 0.20 A
lscp | Short Circuit Peak Current [T, = 25°C 2.1 A

(*) Load and line regulation are specified at constant junction tem
separately. Pulse testing with low duty cycle is used.

Table 22: Electrical Characteristics Of L7820C (refer to the test circuits, T

lo = 500 mA, G, = 0.33 uF, Cg = 0.1 pF unless otherwise specified).

perature. Changes in Vg due to heating effects must be taken into account

=00 125°C, V, = 28V,

Symbol Parameter Test Conditions Min. | Typ. | Max. Unit
Vo Output Voltage =525 °C 19.2 20 20.8 \'
Vo  |Output Voltage lo=5mAtoiA Po s 15W 19 20 21 \'

Vi=23t035V
AV(*) |Line Regulation Vi=225t035V 1422870 400 mV
V| =26t032V T,=25°C 200
AVq(*) |Load Regulation lo=5mAto1.5A T;=25%C 400 mV
lo =250 to 750 mA T,=25C 200
lg Quiescent Current Ty =8l 8 mA
Aly  |Quiescent Current Change [lg=5mAto 1 A 0.5 mA
V=23t 35V 1
AVo/AT |Output Voltage Drift lo =5mA -1 mV/°C
eN | Output Noise Voltage B =10Hz to 100KHz Ty=25C 150 uViVg
SVR | Supply Voltage Rejection Vi=24t035V f=120Hz 52 dB
Vg4 |Dropout Voltage lo=1A T;=25°C 2 v
Ro  |Output Resistance f=1KHz 24 mQ
lsc¢ | Short Circuit Current V=385V T,;=25°C 0.18 A
lscp | Short Gircuit Peak Current | T, = 25°C 2.1 A

(*) Load and line regulation are specified at constant
separately. Pulse testing with low duty cycle is used.
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Table 23: Electrical Characteristics Of L7824C (refer to the test circuits, T; = 0 to 125°C, V| =33V,
lo =500 mA, C; = 0.33 pF, Co = 0.1 pF unless otherwise specified).

Symbol Parameter Test Conditions Min. Typ. | Max. Unit
Vo  |Output Voltage T,=25°C 23 24 25 vV
Vo  |Output Voltage lo=5mAto1A Po< 15W 22.8 24 25.2 v

Vi=27t038V
AVg(*) |Line Regulation Vi=27t038V T,=25C 480 mV
V|=30t0 36V Ty=25°C 240
AVp(*) |Load Regulation lo=5mAto15A Ty=25°C 480 mV
lo =250 to 750 mA T;=25°C 240
lg Quiescent Current T;=25°C 8 mA
Aly  |Quiescent Current Change lo=5mAto1A 0.5 mA
V)=27t0 38V 1
AVg/AT |Output Voltage Drift lo=5mA -1.5 mV/°G
eN  |Output Noise Voltage B =10Hz to 100KHz T =25, 170 JTAVZAVAN
SVR  |Supply Voltage Rejection V;=28t038V f=120Hz 50 dB
Vq  |Dropout Voltage log=1TA ~ Ty=25°C 2 v
Ro |Output Resistance f=1KHz 28 mQ
lsc | Short Circuit Gurrent Vi=35V T;=25%C 0.15 A
lsep  |Short Circuit Peak Gurrent sy 2390 2.1 A

(*) Load and line regulation are specified at constant junction temperature. Changes in Vg due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.

Figure 8: Dropout Voltage vs Junction Figure 9: Peak Output Current vs Input/output
Temperature Differential Voltage
" i . .
™ . w o
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— 28
2 —~ —— " I N,
i\\ I ! 2 N :
b N gt \ =y T~ H
1 - !
1 = ___‘__--- 1 A
] DROPOUT CONDITIONS :
- | - 11— ?“ SR
os — : gy
. : - %
S -80 283 0 25 50 7 W us n o ] ] 0 ) n 25 V)
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L7800 SERIES

Figure 10: Supply Voltage Rejection vs
Frequency
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Figure 11: Output Voltage vs Junction
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Figure 12: Output Impedance vs Frequency
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Figure 13: Quiescent Current vs Junction
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Figure 14: Load Transient Response
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Figure 15: Line Transient Response
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L7800 SERIES

Figure 16: Quiescent Current vs Input Voltage

"' l
{ma) — ]
| {1p=20mA
B0 el
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I
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3 ~ L7805 ]
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NOTE:

1. To specify an output voltage, substitute voltage value for "XX".

2. Although no output capacitor is need for stability, it does improve transient response.
3. Required if regulator is locate an appreciable distance from power supply filter.

Figure 18: Current Regulator

3]
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L7800 SERIES

Figure 19: Circuit for Increasing Output Voltage

lry >51d

Ry
VO = VXX(T-{- —-R_) 5 1d Rg
1

Figure 20: Adjustable Output Regulator (7 to 30V)

Figure 21: 0.5 to 10V Regulator

13V<yVj<25v Vo
+ U Lmos  j2- —4—oO
C1 3
Ol = Vxx
R s C2
vo=vm% ==
0JpF
ey o

i e
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L7800 SERIES

Figure 22: High Current Voltage Regulator
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Q1 BD536
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Figure 23: High Output Current with Short Circuit Protection

R = Isc Q1 =8D53¢4
Q2 = 2N6124

Figure 24: Tracking Voltage Regulator

W; |
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L7800 SERIES

Figure 25: Split Power Supply (£15V -1 A)
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* Against potential latch-up problems.
Figure 26: Negative Output Voltage Circuit
%
2§ A\
o
N " OapF]
o L78XX O
s-uﬁn—

Figure 27: Switching Regulator
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L7800 SERIES

Figure 28: High Input Voltage Circuit

+V . Vm 1

3
e T o7
Vin=Vy.{Vz + Vgg) -

Figure 29: High Input Voltage Circuit

S 382N

+v.oI‘ L78xx P Vo
3
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Figure 31: High Input and Output Voltage

Vo

Vo = Vxx 4+ Vz1

5-3884a/1

4
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L7800 SERIES

Figure 32: Reducing Power Dissipation with Dropping Resistor

R = _Vigmin) - Vxx - VOROP(may)
logmax) + g(max)

RV
-y, IN 1

L78XX —

3 tﬂ
Faaus o1

Figure 33: Remote Shutdown

S-3886n

Figure 34: Power AM Modulator (unity voltage gain, |5 < 0.5)

vio——1 L78xx  P—0%
3 H

“JO330F s
0
S-38881

Modulation
Signal

NOTE: The circuit performs well up to 100 KHz.

22/34
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L7800 SERIES

Figure 35: Adjustable Output Voltage with Temperature Compensation

«v;0—Y L78SXX

BC
153

Vo = Vi (1+ Ré? )+ Vge
1

S-41171

NOTE: Q, is connected as a diode in order to compensate the variation of the Q; Vgg with the temperature. C allows a slow rise time of the V.

Figure 36: Light Controllers (Vomin = Vxx + Vgg)

- ‘ 2 2
WO—] L7exx Y vio—4 L78xx %
. 3 <~
= S-3890/1 -l: S-3891Nn
Vo falis when ihe light goes up Vg rises when the light goes up

Figure 37: Protection against Input Short-Circuit with High Capacitance Loads

K_

-

v, L78xx P<4—ov,

v~ |1

S-3892

means of the Base-Emitter junction of the series pass transistor in the regulator. If the energy is sufficiently high, the transistor may be de-
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L7800 SERIES

TO-3 MECHANICAL DATA
DIM. mm. inch
MIN. TYP MAX. MIN. TYP. MAX.
A 11.85 0.466
B 0.98 1.05 1.10 0.037 0.041 0.043
g 1.70 0.066
D 8.7 0.342
E 20.0 0.787
G 10.9 0.429
N 16.9 0.665
P 26.2 1.031
R 3.88 4.08 0.152 0.161
U 39.5 1.555
Y, 30.10 1185
p Pl
G ¥
|
&
\*ﬁ-—'_i'
- 3 (13}
= (=]
- . ]
7
i
P003C/C
24/34 KYI




L7800 SERIES

TO-220 (A TYPE) MECHANICAL DATA
mm. inch
DIM.
MIN. TYP MAX. MIN. TYP. MAX.
4.40 4.60 0.173 0.181
b 0.61 0.88 0.024 0.034
b1 1.15 1.70 0.045 0.067
c 0.49 0.70 0.019 0.027
D 15.25 15.75 0.600 0.620
E 10.0 10.40 0.393 0.409
2.4 2.7 0.094 0.106
et 4.95 5.15 0.194 0.203
2 1.23 1,32 0.048 0.051
H1 6.2 6.6 0.244 0.260
J1 2.40 2.72 0.094 0.107
L 13.0 14.0 0.511 0.551
L1 3.5 3.93 0.137 0.154
L20 16.4 0.645
L30 28.9 1.138
oP 3.75 3.85 0.147 0.151
Q 2.65 2.95 0.104 0.116
A
F
H1 — —
7T\
|
1
Th '.]':'_
1
b1(x3) —J|||L]" | 1
1
I
TY 2V 3
—-—..- 8 S —eff—C
e b x3)
e 0015988/N

J
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L7800 SERIES

TO-220 (C TYPE) MECHANICAL DATA

DIM. mm. inch
MIN. TYP MAX. MIN. TYP. MAX.
A 4.30 4.70 0.169 0.185
b 0.70 0.90 0.028 0.035
b1 1.42 1.62 0.056 0.064
c 0.45 0.60 0.018 0.024
D 15.70 0.618
E 9.80 10.20 0.386 0.402
e 2.54 0.100
el 5.08 0.200
F 1.25 1.39 0.049 0.055
H1 6.5 0.256
Ji 2.20 2.60 0.087 0.202
L 12.88 13.28 0.507 0.523
L1 3 0.118
L20 15.70 16.1 0.618 0.634
L30 28.9 1.138
oP 3.50 3.70 0.138 0.146
Q 2.70 2.90 0.106 0.114
oP
E /’ F
!
NS s
L20 O 4
L1 1
(x3) pr—lf | 7
1 oM 5
ol ~—¢
_i].._b (X3)
. 0015988/N
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L7800 SERIES

TO-220 (E TYPE) MECHANICAL DATA
DIM. mm. inch
MIN. TYP MAX. MIN. TYP. MAX.
4.47 4.67 0.176 0.184
b 0.70 0.91 0.028 0.036
b1 117 1.37 0.046 0.054
c 0.31 0.53 0.012 0.021
D 14.60 15.70 0.575 0.618
E 9.96 10.36 0.392 0.408
e 2.54 0.100
el 5.08 0.200
F 117 1.37 0.046 0.054
H1 6.1 6.8 0.240 0.268
J1 2.52 2.82 0.099 0.111
L 12.70 13.80 0.500 0.543
L1 3.20 3.96 0.126 0.156
L20 15.21 16.77 0.599 0.660
oP 3.73 3.94 0.147 0.155
Q 2.59 2.89 0.102 0.114
2P
E / F
!
DY REA Tl
= y
{N/4
o ;
L20
b )
L1 1 I
x3) pr—I[ |l ,
™~ Vs
L —t-2
—ll— & (x3)
. 7655923/A

3
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L7800 SERIES

TO-220FP MECHANICAL DATA

mm. inch
DIM.

MIN. TYP MAX. MIN. TYP. MAX.
A 4.40 4.60 0.173 0.181
B 2.5 2.7 0.098 0.106
D 25 275 0.098 0.108
E 0.45 0.70 0.017 0.027
F 0.75 1 0.030 0.039
F1 1.15 1.50 0.045 0.059
F2 1.15 1.50 0.045 0.059
G 4.95 52 0.194 0.204
G1 2.4 2.7 0.094 0.106
H 10.0 10.40 0.393 0.409

L2 16 0.630
L3 28.6 30.6 1.126 1.204
L4 9.8 10.6 0.385 0.417
L5 2.9 3.6 0.114 0.142
L6 15.9 16.4 0.626 0.645
L7 9 9.3 0.354 0.366
DIA. B D 0.118 0.126

A
H B.
—
Dia
O©O 5
L6
L7
| ¥ '
Fi
F2
,_l F
_l 701251 0A-H
&
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L7800 SERIES

TO-220FM MECHANICAL DATA

BIM mm. inch
’ MIN. TYP MAX. MIN. TYP. MAX.
A 4.50 4.90 0.177 0.193
B 2.34 2.74 0.092 0.108
D 2.56 2.96 0.101 0.117
E 0.45 0.50 0.60 0.018 0.020 0.024
F 0.70 0.90 0.028 0.035
Fi 1.47 0.058
G 5.08 0.200
G1 2.34 2 54 2,74 0.092 0.100 0.108
H 9.96 10.36 0.392 0.408
L2 15.8 0.622
L4 9.45 10.05 0.372 0.396
Le 15.67 16.07 0.617 0.633
L7 8.99 9.39 0.354 0.370
L8 3.30 0.130
DIA. 3.08 3.28 0.121 0.129
> . BAL.Y
Dia
o3 & “
=Y | |
L8 @}65 )
Sl -~
LE
L2
]
] ] T i
o] ' [ J :
I ! !
F1 (30
L4 l
i 1
]
| S 1 1/ \'A
F (3x)
5 ~ 7012510C-H
g ]

q]
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L7800 SERIES

D?PAK (A TYPE) MECHANICAL DATA

mm. inch
DIM.
MIN. TYP MAX. MIN. TYP. MAX.
A 4.4 4.6 0.173 0.181
Al 0.03 0.23 0.001 0.009
b 0.7 0.93 0.027 0.036
b2 1.14 1.7 0.044 0.067
c 0.45 0.6 0.017 0.023
c2 1.23 1.36 0.048 0.053
D 8.95 9.35 0.352 0.368
D1 8 0.315
E 10 104 0.393 0.409
Eil 8.5 0.335
e 2.54 0.100
el 4.88 5.28 0.192 0.208
H 15 15.85 0.590 0.624
J1 2.49 2.69 0.098 0.106
L 2.29 2.78 0.090 0.110
L1 .27 1.4 0.050 0.055
L2 1.3 s 0.051 0.069
R 0.4 0.016
Va2 0° 8° 0° 8°
E1
L1 % ! %
L .
SEATING PLANE
COPLANARITY A1
L
0079457/J
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D?PAK (C TYPE) MECHANICAL DATA
mm. inch
DIM.
MIN. TYP MAX. MIN. TYP. MAX.
A 43 47 0.169 0.185
Al 0 0.20 0.000 0.008
b 0.70 0.90 0.028 0.035
b2 147 1.37 0.046 0.054
c 0.45 0.50 06 0.018 0.020 0.024
2 1.25 1.30 1.40 0.049 0.051 0.055
D 9.0 9.2 9.4 0.354 0.362 0.370
D1 75 0.295
E 98 102 0.386 0.402
ET 75 0.295
o 2.54 0.100
el 5.08 0.200
H 15 15.30 15.60 0.591 0.602 0.614
1 220 .60 0.087 0.102
L 1.79 2.79 0.070 0.110
L1 1.0 14 0.039 0.055
L2 1.2 16 0.047 0.063
R 0.3 0.012
V2 0° 3° 0° 3°
|~A_
ol A it -
E/z_ [V
L7 :l_‘-"
£
|
L2
! Jt
L
ol
1 b2
Lo
SEATING PLANE
==
Ll
GAUGE PLANE
ezl
J__ 0079457/
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Tape & Reel D?PAK-P2PAK-D 2PAK/A-P 2PAK/A MECHANICAL DATA
mm. inch
DIM.
MIN. TYP MAX. MIN. TYP. MAX.
A 180 7.086
C 12.8 13.0 13.2 0.504 0.512 0.519
D 20.2 0.795
N 60 2.362
T 14.4 0.567
Ao 10.50 10.6 10.70 0.413 0.417 0.421
Bo 15.70 15.80 15.90 0.618 0.622 0.626
Ko 4.80 4.90 5.00 0.189 0.193 0.197
Po 3.9 4.0 4.1 0.153 0wl 57 0.161
P 11.9 12.0 121 0.468 0.472 0.476
Y
I
N
|
/
A
i
i
| |
- T
Po
Bo
r O O O O©
| N 0 [
|
|| Ko " Ao _ N P
Note: Drawing not in scale
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Table 24: Revision History

Date

Revision

Description of Changes

09-Nov-2004

12

Add New Part Number.

3]
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authorized for use as critical components in life support devices or systems without express written approval of STMicroelectronics.

The ST logo is a registered trademark of STMicroelectronics
All other names are the property of their respective owners
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