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Abstract

This thesis presents a project which deals wilh charging lead-acid batteries by using
solar energy. Since the output voltage and current of a pholovoltaic (PV) module vary according
to weather conditions, this charging process must be properly controlled. The charge controller
designed and constructed in this project consists of (wo main parts: the first part is the voltage
regulator with current limit function, the second part is connect-disconnect circuit by using a
relay. The experimental results show that the charge controller can regulate the charging process

as desired so that the battery can be maintained at or near fully charged state.
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Cell: Mono Crystalline Silicon
Dimensien (mm): 310x366x 18

Weight: 1.5kg

No. of cells and connections 36 (4x9)

Open circuit voltage (Voc) 216V

Optimum operating vollage (Vmp) 17.2V

Short circuit current (Isc) 0.66 A
Optimum operating current (Imp) 0.58 A
Maximum power at STC (Pm) 10 Wp
Operating temperature -40 10 +80°C
Maximum system vollage 715 VvDC

HuYN STC: Trradiance 1000 W/mz, Module temperature 25°C, AM 1.5
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LM117/217
LM317

1.2V TO 37V VOLTAGE REGULATOR

QUTPUT VOLTAGE RANGE : 1.2 TO 37V
OUTPUT CURRENT IN EXCESS OF 1.5A
0.1% LINE AND LOAD REGULATION
FLOATING OPERATION FOR HIGH
VOLTAGES

» COMPLETE SERIES OF PROTECTIONS ;
CURRENT LIMITING, THERMAL
SHUTDOWN AND SOA CONTROL

DESCRIPTION

The LMI17/LM217/LM317 are monolithic
integrated circuit in TO-220, ISOWATT220, TO-3
and D’PAK packages intended for use as
positive adjusiable voltage regulators.

They are designed to supply more than 1.5A of
load current wilh an output voltage adjuslable
overa 1.2 to 37V range.

The nominal output voltage is selecled by means
of only a resistive divider, making the device
exceplionally easy fo use and eliminaling the
stocking of many fixed regulators.

TO-220 ISOWATT220
ABSOLUTE MAXIMUM RATING
Symbol Parameter Value Unit
Vie |Inpit-output Differential Vdtage 40 v
lo Output Current Intenrally Limited
Top |Operating Junction Temperature for: LM117 -55 to 150 °c
LM217 -25 lo 150 °c
LM317 0to125 %
Pt jPower Dissipation Internally Limited
Tsig |Storage Temperalwe - 6510 150 °c
THERMAL DATA
Symbol Parameter TO-3 T0-220 |ISOWATT220] D?PAK Unit
Rinj-case | Thermal Resistance Junclion-case Max 4 3 4 3 ‘CIw
Rinj-ams | Thermal Resistance Junction-ambient Max a5 50 60 62.5 crw

November 1989

1
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CONNECTION DIAGRAM AND ORDERING NUMBERS (top view)

~7 INPUT I e— 1 )
O oUTPUT O D — T T
ADJUST [ apJust
£
rab comeckd bo pn 3
PCETDAD PC12083
TO-220 ISOWATT220
o/ IRPUT
) INPUTS
QUTPUT | outPUT
P ——1 ADJ ADIUST
PCIIDED >0l
D’PAK TO-3
Type TO-3 T0-220 ISOWATT220 D’PAK
LMi17 LM117K
LM217 LM217K LM217T LM217D2T
LM317 LMIITK LM317T LM3 7P LM31702T

SCHEMATIC DIAGRAM

2111

3
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LMA1712171317

BASIC ADJUSTABLE REGULATOR

S- 50451

ELECTRICAL CHARACTERISTICS (Vi- Vo =5V, lo =500 mA, Imax = 1.5A and Pmax = 20W, unless

otherwise specified)
Symbol Parameter Test Conditions LM117/LM217 LM317 Unit
Min. | Typ. | Max. | Min. | Typ. | Max.
AV, |LineRegubtion Vi-Vo=3lod0V [T;=25°C 0.01 | 0.02 0.0t | 0.04 | %IV
¢.02 | 0.05 0.02 | 0.07 | %IV
AV, |Load Reguation Vo< BY Ty =25° 5 15 5 25 { mV
b = 10 mAto huax 20 | 50 20 [ 70 | mv
Vo2 5V Ty=25°C 0.1 | 03 01 | 05 %
kb = 10 mA to lax 0.3 1 03 |15 %
fansy  |Adjustment Pin Current 50 | 100 50 | 100 | pA
Alany  JAdjustment Pin Curent [V - Vo =251040V 0.2 5 0.2 5 A
b = 10 mAto fyax
Vrer  |Reference Vokage Vi-Vp=25lc40V 12 {1256 1.3 | 1.2 |[1.256] 1.3 v
(between pin3 and pin | b = 10 mAto luax
1) P < Puax
AVy  |Outpul Voltage 1 1 %
V, [Temperature Stabity
logminy | Minimum Load Currert |Vi- Vo =40V 3.5 5 3.5 10 | mA
lognax; |Maximumn Load Vi-Vos 15V 1.5 | 2.2 15 | 2.2 A
Current P < Paax
Vi-Vo=40V 0.4 0.4 A
Po < Priax
=25
ey |OutputNoise Vollage |B=10Hzlo 10KHz 0.003 0.003 %
(percentance of Vo)  |Tj=25°C
SVR |Supply Volage T,=25°C Capy=D 85 65 dB
Rejection {*) f=120Hz Cacy=10:F 68 80 66 80 dB
(*YCADJ is connecled between pin 1 and ground.
Rote:
(1) Unless otherwise specified the above spees, apply over the following conditions : LM 117 T)= -55 {0 150°C;
LM 217 Tyj= - 2510 15°C ;LM 317 T)= 0 lo 125°C.
"I 311
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Flgure 1 : Cutput Current vs. Input-output
Differential Vollage.
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Figure 3 : Reference Voltage vs. Junclion

B-L8din

YREF

(]

750 il T

™\
LILS 2 \
N
o \
\
\
\

-50 o +50 100 T

APPLICATION INFORMATION

The LM117/2174317 provides an internal
reference voltage of 1.25V between the output
and adjustments terminals. This is used lo set a
constant current flow across an external resistor
divider (see fig. 4), giving an outpui voilage Vo of:

V0=VREF(1+%) + tapg Rz

The device was designed to minimize the term
lapy (100uA max) and to maintain it very constant
with line and load changes. Usually, the error
term lapy - R2 can be neglected. To oblain the
previous requirement, all the regulator quiescent
cument is returned to the outpult terminal,
imposing a minimum load cuirent condition. If the
load is insufficient, the output voltage will rise.

Since the LM117/217317 is a floaling reguialor
and "sees” only lhe input-to-output differential

411

Flgure 2 : Dropout Voltage vs. Junction
Temperature,

n-480
YoroH
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1
-%0 [ +50 100 1]“-‘)

Figure 4 : Basic Adjustable Regulator.

V.
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S-50451

vollage, supplies of very high vollage with respect
to ground can be regulaied as long as the
maximum input-to-output differential is not
exceeded. Furlhermore, programmable regulator
are easily obtainable and, by connecting a fixed
resistor belween the adjustment and output, the
device can be used as a precision cument
reguiator.

in order to optimise the load regulation, the
current set resistor R1 (see fig. 4) should be lied
as close as possible to the regulator, while the
ground terminal of R2 should be near the ground
of the load to provide remote ground sensing.
Performance may be Iimproved with added
capacitance as follow:

Aninput bypass capacitorof 0_1uF
An adjustment terminal to ground 10uF capacitor

57
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Philips Semiconductors Product specification
NPN general purpose transistor BC337
FEATURES PINNING
+ High current (max. 500 mA) PIN DESCRIPTION
s Low vollage {max. 45 V). 1 emitler
2 base
APPLICATIONS 3 collector

» General purpose swilching and amplification,
e_g. driver and oulput stages ol audio ampiiiers.

1 3

DESCRIPTION 2

3 =2
NPN transistor in a TO-92, SOT54 plastic package. — 24l<
PNP complemenl. BC327.

1
AU

Fig1 Simplified oulfine {TO-92; SOT54) and

symbol.
LIMITING VALUES
In accordance wilh the Absolute kaximum Raling System (IEC 134).

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Veso collector-base vollage open emitler - 50 \Y
VcEo collector-emitter vollage open base - 45 v
VEBO emitter-base vollage open colleclor — 5 A
Ic collector cuirent (DC) — 500 mA
lea peak collector cumenl - 1 A

E peak base curreni — 200 mA
Pt tola! power dissipation Tamb £ 25 °C; note 1 - 625 mw
Teg storage temperature -5 +150 “C
T; junction leinperalure - 150 C
Tamb operaling ambient lemperalitre —B5 150 °C

Note
1. Transislor mounled en an FR4 prinled-circull board.

1999 Apr 15 2
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Philips Semiconduclors Product speciication

NPN general purpose transistor BC337

THERMAL CHARACTERISTICS

SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rmja thermal resistance from junction to ambient note 1 02 K/mw
Note

1. Transislor mounted on an FRA printed-cireuit board.

CHARACTERISTICS
Tj = 25 °C unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX, | UNIT
Icao colleclor cul-off current le=0,Vcg =20V - - 100 nA
IE=0;Vcg =20V, Tj=150°C - - 5 A
eBO emilies cut-off current Ic=0;Veg=5HV - - 100 nA
hre DC cumrent gain I =100 mA; Vee =1V,
BC337 see Figs 2, 3and 4 100 _ 600
BC337-16 100 (- 250
BC337-25 160 |- 400
BC337-40 250 |- 600
OC currenl gain Ig =500 mA, Vg =1V, 40 - -
see Figs 2, Jand 4
VeEsa colleclor-emiller saluration I = 500 mA; I3 = 50 mA 2 - 700 mv
vollage
Vee base-emiller vollage Ig = 500 mA; Veg = 1V, note 1 A - 12 v
C. collector capacilance IE=ip=0;Vep=10V, =1 MHz - 5 - pF
It Iransilion frequency Ic=10 mA; Vop =5V, 1= 100 MHz | 100 - — MHz
Note

1. Vg decreases by aboul 2 mV/K with increasing temperalure.

1999 Apr 15 3
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Producl specification

NPN general purpose transistor

BC337

1

40

10-1

BC337 46

Fig.2 DC curent gain; typical values.

102

I (m4)

0

hre

[}
10!

BC337-25.

Fig.3 DC current gain, typical values.

102

Ic (mA)

1

1999 Apr 15
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\
Philips Semiconduclors Producl specificalion
NPN general purpose transistor BC337
00
heg
aop |———F— —
T LU vee=1v
o0 <

200
5
100 Y
\\
0
101 1 10 10?2 I (mA) [
BCIIT-40-

Fig.d DC current gsin; typicel values.

1999 Apr 15 5
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National
& Semiconductor
LM111/LM211/LM311

Voltage Comparator

1.0 General Description

The LM111, LM211 and LM311 are vollage comparalors that
have input cumenls neary a thousand tmes lower than
devices ke the LM106 of LM710. They are also designed lo
operalo over a wider range of supply vollages: from standard
+£15Y op amp supplies down to the single 5Y supply used for
IC logic. Their oulpul is compatible with ATL, DTL and TTL
as well as MOS circuits. Further, they can drive lemps or
relays, swilching voltages up to 50V at curents as high as
50 mA.

Both the inputs and the outputs of the LM111, LM211 or the
LM314 can be isolaled Irom system ground, and lhe output
can drive foads referred to ground, the positive supply or the
negative supply. Olfsel balancing and strobe capabifity are
provided and oulpuis can be wire OR'ed. Although slower
than the LM106 and LM710 {200 ns response time vs 40 ns)

January 2001

the devices are also much less prone lo spurious oscilla-
tions. The LMi1 has tha same pin configuration as tha
{M106 and LM710.

The LM211 is identical 1o the LM111, excepl thal its perfor-
mance is specilied aver a —26'C fo +85'C lemperature range
instead of -55'C lo +125°C. The LM311 has a temperature
range of 0'C to +70°C.

2,0 Features

a Operales from single 5V supply

Input current: 150 nA max. over lemperature
Ofiset cument: 20 nA max. over lemperalure
Differential input voltage range: +30V

a
[
|
a Power consumplion: 135 mYY at +15V

3.0 Typlcal Applications (note 3)

Ofisel Balancing

Increasing Inpul Stage Current (Note 1)

sr-Ea
Nole 1: Increasss typical common moda slew from 7.0WAss 1o 18VAR.

QTEFORT
Herte: Do Bk Ground Sirobo Pin. Oupd is bemed off when outenl is
pulad from Strobe Pin.

Deteclor lor Magnetic Transducer

© 2004 Nalional Semiconducior Corporalion DS00L704

wrw.national com
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5.0 Absolute Maximum Ratings for Oulpul Shorl Circuit Duration 10 sec
the LM311¢oie 12 Operating Temperalure Range 0 o 70°C
Il Military/Actospace specified devices are required, Storago Temperaturs Hange ~65°C 1o 150°C
pleasa contact the Nalional Semlconducior Sales OHice/ Lead Temperalure (soldering, 10 sec) 260°C
Distributors [or availability and specifications. Vokage al Strobe Pin +_gY
Tolal Supply Vollage (Ve,) 36V Soldering Information

Output 1o Negalive Supply Voltage Dualin-line Packege

V74 40V Soldering {10 seconds) 260°C
Ground 1o Negative Supply Volage Small Ondline Package

Vd a0V Vapor Phase (60 scconds) 2165°C
Differential lmll. anlage +30V Infrared {15 m] 220'C
Input Yollage {Note 13) +16Y See AN-450 "Surface Mounting Methods and Their Effect
Power Dissipation: {Nole 14) 500 mW on Produc Reliability” for other methods of soldering

ESD Rating {(Note 19) 300V surlace mount devices.

Electrical Characteristics (vote 15) for the LM311

Parameler Conditions Min Typ Max Units
Inpud Oftset Vollage {Nota 16) T,=25'C, Bs=50k 2.0 75 my
trgr Offsel Cumreni(Note 16) T.=25'C 80 50 nA
Input Bias Cumeni Ta=25'C 100 250 nA
Vollage Gain T,=25'C 40 200 VimV
Response Tene (Note 17) Tp=25C 200 ns
Saturation Voltaga Vo, s—10 mY, g, =50 mA 0.75 15 v
Ta=25'C
Strobe ON Curent (Nole 18) T,=25'C 20 50 mA
Outpul Leakaga Curreni V210 MV, Vo =35V
T,=25"C, lsrppose=3 MA 0.2 50 PA
V- =Pin1=-5V
Input Offset Yoltage (Nole 16} Rs<50K 10 mV
Inpul Oftset Currenl (Note 16) 70 nA
Input Bias Cumrent 300 nA
Inpit Voltage Hange —14.6 13.8-14.7 13.0 v
Saturation Vollage V4.5V, V-0 0.23 0.4 v
Ve <~ 10 mV, 15,r<B mA
Positive Supply Curent T,=25'C 5.1 15 mA
Negalive Supply Currenl Tp=25'C a1 5.0 mA

Wola 32 -mmmmmmmﬂmawhmmmm.mmm&mnmmma

> fmite.”

Rarconal, b do ol g spacifc p
Hole i mmappieslorusvs:ppiesmmammgommmmmmmmmmmumbh
negatve supply voiage or 30V bute 99 posTg supply, whichaver is fess.

Nols 14 Tha marmLem junclion temparsture of the LM31 B 10°C. For openaang al ekealod § s, davicrs in e HO8 package Must be deaked based
onathem'ﬂlmsistmd165‘Crw,|‘1.rcﬁmmmLum‘mmmm.mmﬂm@mdmmmh|0-:l‘c.fw,jq.lmnlo
amblent

Nolo 15: These specivations apply kor V=215V and Fin 1 at grownd, and 0°C < Ty, < +70°C, unless cihanwise specimd. The offscl vokags, oisal cumend and
bias ewrent spocihcations apply for sny supply vatage from & enge 5Y supply up lo £ 15V eupplios,

Holo 18: Thaubdmgﬁwwﬂmaﬁjmnmmmmm:muadmmmmlﬂhawiﬂmmﬂlmkbad_'l'rm,lhsso
mmmmmmmmmn\QMaudmdmmgmwns,

Molg 17: Thb response lms spectiod {200 delniions) is by a 100 my inpud lop weh § mY ey,

Nole 18: Thbspm‘ﬁwh\r:msmmngedanmnthmbedrammwmphhmemmism&saﬁadbomumﬂmm
gin o grownd; i shioukd be currend drivon al 3 00 5 mAL

Hote 19, Human body modal, 1.5 ki in esriog weh 100 pF.




7.0 LM311 Typical Performance Characteristics

Inpul Biag Gurrent

Input Offset Currenl
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7.0 LM311 Typical Performance Characteristics (Continued)

EQUIVALENT INPUT OFFSET VOLTAGE (mV]
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INPUT VOLTAGE (Y}
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7.0 LM311 Typical Performance Characteristics (Continued)

SATURATION VOLTAGE [V}
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7.0 LM311 Typical Performance Characteristics (Continued)

Leakage Currents
w

V)~ 1Y
1

Iy OUTPUT Vouy = V=T
Euw? ol

2
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£ o INFUT Yy = 1BV

23 » 15 4] [} %
TEMPERATURE I'T)

8.0 Application Hints

8.1 CIRCUIT TECHNIQUES FOR AVOIDING
OSCILLATIONS IN COMPARATOR APPLICATIONS
When a high-speed comparator such as the LM111 is used
with lasl inpul signals and low source impedances, he out-
put response will nomally be fast and slable, assuming that
the power supplies have been bypassed (with 0.1 pF disc
capacitors), ard that Lhe output signal is routed well away
from the inpuls {pins 2 and 3) and also away Irom pins 5 and
8.

However, when the inpul signal is a voltage ramp of a slow

sine wave, or il the signal source impedanca i high {1 kQ 1o

100 k), the comparalor may burs! into osalabion near the

crossing-point. This is due 1o the high gain and wide band-

widih of comparaters lke the LM111. To avoid oscilation o1

instabifity in such a usage, several precautions are recom-

mended, as shown in Figure 1 below,

1. The lim pins {pins 5 and 6} acl as urwanled auxiiary
inprats. If these pins are not connecled 1o a trim-pol, they
should be shored logelhor. il they are connecled 1o a
trim-pot, a 0.01 pF capacitor C1 between pins 5 and 6
will minimize the susceptibility 10 AC coupling. A smaller
capacilor is used i pin 6 is used for positive leedback as
in Frgae 1.

2, Certain sources will produce a cleaner comparalor oA
pn wavelorm i a 100 pF lo 1000 pF capacitor G2 is
connecled directly acrass the inpul pins.

3. When ihe signal source is applied through 2 resistive
network, R, #is usually advanlageous lo chopse an By
ol subslantially the same value, both for DC and lor
dynamic (AC) considerations. Carbon, lin-oxide, and
metal-fim resislors have all been used successhily in
comparator inpu circuitry. Inductive wirewound resistors
are nol suitable.

4. When comparalor circulls use inpul resisions (eg. sum-
ming resistors), thelr value and placement are particu-
larly important. In all cases lhe body of lhe resistor
should be close to the device or socket. In other words
there should be very litle lead length or prinled-circuit
fod nun between comparalor and resisior Vo radiate of
pick up signals. The same applies to capacrtors, pols,
elc. For example, § Rg=10 ki), as litle as § inches of

lead between Lhe resislors and the inpul pins can resull
in osciflations thal are very hard 1o damp. Twisting these
inpud leads tighlly is Lhe only (second best) allemative lo
placing resisiors close to the comparalor,

Sirce feedback 1o almosl any pin of a comparalor can
resuli in oscillalion, e printed-cirouit layout should be
engineered thoughtfully. Preferably there should be a
groundplane under the LM111 circuitry, for example, one
side ol a doubledayer dreuil card. Ground foll {or, posi-
tive supply or negalive supply loil) should exiend be-
tween ihe oulpul and the inpuls, to act as a guard. The
loil connecions for the inputs should be as small and
compacl as possible, and should be essentially sur-
rounded by ground foil on all sides, to guard againsl
capacitive couplng from any High-level signals {such as
tho output). If pins 5 and 6 are nol used, they should be
shorled lagether. If they are connected 1o a trim-pol, the
trim-pol should be hocated, al most, a lew inches away
from the LMti1, and lhe 001 uF capacitor should be
instafled. If this capaciior cannol be used, a shielding
printed-circuil [oil may be advisable between pins 6 and
7. The power supply bypass capacilors should be lo-
cated wilhin a couple inches of the LM111. {Soma other
comparalors requine tha power-supply bypass to be lo-
caled immedialely adjacenl Lo the comparator.)

il is a standard procedure lo use hysteresis (positive
leedback) around a comparator, to prevent oscillalion,
and to avoid excessive noise on the outpat because the
comparalor is a good ampifier for its own noise. In the
cirmuit of Figure 2, 1he feedback from the outpul to the
positive inpul will cause aboul 3 mV of hysteresis. How-
ever, il A i larger than 10001, such as 50 ki, it would
nod be reasonable lo simply increase the value of the
positive feedback resistor above 510 k1. The circuit of
Figere 3 could be used, bul il is rather awkward. See the
noles in paragraph 7 below.
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8.0 Application Hints (Continued)

7.

When both inpuls of the LM111 are connedled lo aclive
signals, or if a high-impedance signal is driving the
posilive inpul of the LM111 50 thal posilive feedback
would be disruplive, the circuit of Fgure 1 is ideal. The
positive leedback is lo pin 5 {one of tho olfset adjusl-
menl pins}. It is sulficient to cause 1 o 2 mV hysteresis
and sharp ransitions wilh inpit tflangle waves from a
few Hz to hundreds of kHz. The posilive-Jeedback signal
acress Lhe 820 resistor swings 240 mY below the posi-

Pin oonnechions shown aro lor LM111H in e HOB hermelic paciage

tive supply. This signal is centered around the nominal
voltage at pin 5, so this leadback does nol add 1o the
Voo of lhe comparalor. As much as 8 mV of Vg can be
iimmed oul, using the 5 k{1 pot and 3 K} resislor as
shown.

. These applicalion notes apply spedifically lo the LM118,
LM211, LM3i1, and LF1 11 famibes ol comparators, and

are applicabie 1o all high-speed comparalors in general,
{with the sxceplion that nol all comparators have tim
pins).

FIGURE 1. Improved Posilive Feedback

Pin cannections shown aro for LA 1 TH e HOS haymetis package

—O 1wy

FIGURE 2. Conventional Posilive Feedback
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8.0 Application Hints (Continued)

O 1By

p—C OuTPUT

WETRG

FIGURE 3. Positive Feedback with High Source Resislance

9.0 Typical Applications (Pin nmbers
refes lo Hoa package)

Zero Crossing Detector Driving MOS Swilch

100 kHz Free Running Multivibrator
Lid yh=ty
Rl R3
20K K
A AAA
R3
10K
ci v‘-
1200 pF A 2]
TS

7 SQUARE
= L1 Co Tt —p WAYE |

. g 0P
3 39K
.n _j=

ETOA 14
“TTL &1 DTL fanend of two




56

9.0 Typical Applications (Pin numbers refer to H08 package) {Continued)

10 Hz to 10 kHz Veltage Controlled Oscillator

£l
1ocﬁpr1
2 LT

_I 10M

150 pF —

m —

w |, I sisy
Sm¥ —+ 3V Ay 7 5 TRUNGILAR
BPUF WAYE
Smv 10 5Y OUTPUE
3
SQUARE
WAYL
OUTPUT
DOEFMIS
* A oy syrmmettical squsre wave me whon Vay = 5 mV
RS capacilance 20 pF Maximam Faguency 69 kHz
Driving Ground-Referred Load Using Clamp Dicdes to Improve Response
FROM
LADDER

RITWORK

OETL 65
“Inpu) polarty s reverssd when uwing pin 1 88 Uit

TTL Interface with High Level Logic
vt 5y

[t ]
“Vales shown are fos a 0 to 30V fogis swing and a 15Y (hrashold.
May bo addad to cbrdin) spoad and retuce suscopiinly D rikso spkos.




10.0 Schematic Diagram ote 20)
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Mole 20; P connectiors shown on sohamatic tisgram are for HO@ package.
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11.0 Connection Diagrams

Melal Can Pachage

HMole: Fn 4 connacled to case
Top View
Order Number LM111H, LM311H/883(Note 21) , LM211H or LM311H
See NS Package Number HO8C
Dual-In-Line Package Dualin-Line Package

U | v

EramE = —'" &hp ) — —n

syl ) — — rewinl (L (] =11

nmu—-:-—-D_l—.—-immu By 4 > —n ¥

i " o— b NE

7] e =} LALABEL
N e— T
Py — —1 :“.‘::”
DOEZ A
Top View AT
Order Number LM111J-8, LM111J-8/883{Nola 21}, Top View
LM311M, LM311MX or LM311N Order Number LW111J/883(Note 21)
See NS Package Number JO8A, MOSA or NDBE See NS Package Number J14A or N14A
] 18
e e —
HPUT ¢ d’ .:I QUTRT
WNRUT-C— ] LMW ?: W
e E—sace strome
v-— D RALANCT

DOETTI
Order Number LM111W/883{Note 21}, LM111WG/883
See NS Package Number W10A, WG10A

Mols 21: Also avelable pot WBES10710304
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“ L7800
IYI SERIES

POSITIVE VOLTAGE REGULATORS

OUTPUT CURRENT TO 1.5A
CUTPUT VOLTAGES OF 5, 5.2, 6, 8,85 9;

10: 12; 15; 18; 24V é\
THERMAL OVERLOAD PROTECTION

SHORT CIRCUIT PROTECTION

OUTPUT TRANSITION SOA PROTECTION

DESCRIPTION
N The L7800 series of three-terminal positive TO-220FP
regulators is available in_T0O-220, TO-220FP, 220 TO.220FM

TO-220FM, TO-3 and D?PAK packages and
several fixed outpul voltages, making it usefulin a
wide range ol applicalions. These regulators can
provide local on-card regulalion, eliminating the
distribution problems associated wilh single point
regulation. Each type employs intemal cument
limiing, thermal shui-down and safe area
protection, making i essenlially indesiruclible. If
adequate heat sinking is provided, they can
deliver over 1A outpul current. Although designed

t . 2 .
primanly as fixed voltage regulators, Ihese D*PAK TO-2
devices ¢an be used wilh exlemnal compenents lo
obtain adjustable voltage and currents.

Figure 1: Schematic Diagram
ouTRUT
i s | o0
ELEMENT
CURAFNT . SOA
GENERAIOR PROTECTION [E
|
STARTING REFERENCE ERAOR
CIRCt VOLTAGE AMPLIFER
THERMAL []
PROTECTION
GHD
l -03
S 304
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Table 1: Absolute Maximum Ratings

Symbol Parameter Value Unit
DC Input Vollage for Vo= 5 to 18V 35

Y for Vo= 20, 24V 20 v
lg Output Current Internalty Limlted

P Power Dissipatlon Internalty Limited

Tsig Storage Temperature Range -65 1o 150 °C

T Operaling Junction Temperature |for L7800 -55 1o 150 c
%  |Range {or L7800C 0to 150

ms_olue Maxinum Ralings are those values beyond which damage %0 the device may ocor. Functional operation under these condilian is

Table 2: Thermal Data

Symbol Parameter D2PAK T0-220 |TO-220FP | TO-220FM | TO-3 uUnit
Rumse Thermal Reslislance Junction-case Max 3 5 5 5 4 W
R Haexrmal Resistance Junclion-amblent 625 50 60 60 35 oCIW

Figure 2: Schematic Diagram
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L7800 SERIES

Figure 3: Connection Diagram (lop view)

O

[ ————— ouTPUT
[ GROUND

b:u OUTPUT

" GROUND

[ e—— ) [ ——— V)
505710 CSOETOO
TO-220 {Any Type) TO-220FPITO-220FM
p—y L
/= oUuTPUT
GND H) o
1 INPUT
FainY ot
PC11920
D2PAK (Any Type) TO-3
Table 3: Order Codes
2
TO.220 | TO-220 | TO-220 | DZPAK B PAK
TYPE TO-220FP | TO-220FM TO3
(AType) | (cType) | (EType) |aTyperty| R
L7805 L7805T
L7805C | L7805CYV | L7B05C-V | L7805CV1 [L7805CD2T|L7805C-D2TR| L7805CP { L7805CF | L7805CT
L7852C | L7852CV L7852CD27 L7852CP | L7852CF | L7852CT
L7805 L7806T
L7806C | L7806CV | L7806C-V L7806CD2T L7806CP | L7806CF | L7806CT
L7808 L7B08T
L7808C | L7808CY | L7808C-V L7808CD2T L7B08CP | L780BCF | L7808CT
L7885C | L78B5CY L7885CD2T L7885CP | L7885CF | L7885CT
L7809C | L7809CV | L7808C-V L7809CD2T L7809CP | L7809CF | L7809CT
L7810C | L7810CV L7810CD2T L7810CP
L7812 178127
L7812C | L7812CV | L7812C-V L7812CD2T L7812CP | L7812CF | L7812CT
L7815 L7815T
L7815C | L7815CY | L7816C.V L7815CD2T L7815CP | L7815CF | L7815€CT
L7818 L7818T
L7818C | L7818CV L7818CD2T L7818CP | L781BCF | L7818CT
17820 L7820T
L7820c | L7s20CV L7820CD2T L7620CP | L782DCF | L7820CT
L7824 L7824T
L7824C | L7824CV L7824CD2T L7824CP | L7824CF | L7824CT

') Avaiable in Tape & Reel with the suffix *-TR™.
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Figure 4: Application Circuits
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Figure 5: DC Paramster
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Figure 6: Load Regulation
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Figure 7: Ripple Rejection

510
0 rexx B
V| - 3 RL VO
13.33p|=
O ' g * Q
LI00F S-2711
120Hz Ll ﬂ_

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

Symbol Parameter Test Condltions Min. | Typ. | Max. | Unit
Vo  |Output Voltage Ty=25°C 4.3 5 5.2 v
Vo |Output Voltage lo=5mAto 1A Po < 15W 4.65 5 5.35 v

Vi=8to20V

AV{’) |Line Regulailon Vi=71025V T,=25°C 3 50 mv
Vi=8tol2V T,=25C i 25

AVo{'Y |Load Regulation In=5mAto 1.5A Ty=25°C 100 mv
lg =250 lo 750 mA Ty=25°C 25

la Quiescent Current T, =25°C 6 mA

Aly  |Qulescent Current Change |lp =5mAtlo 1A 0.5 A
Vi=8to 25V 0.8

AV/AT | Qutput Voltage Drifl ip=5mA 06 mvirc

eN |Output Nolse Voltage B =10Hz to 100KHz T,=25°C 40 | nvivo
SVR |Supply Vollage Rejectlon  |Vi=810 18V f=120Hz 68 dB
Vg |Dropout Vollage lo=1A Ty=25C 2 25 v
Ry |Output Resistance f=1KHz 17 mg}
lc  |Short Circult Current Vi=35V T,=25C 015 | 12 A
lsp |Short Circuit Peak Cument | T, =25°C i3 2.2 33 A

{*) Load and ne regulation are specified a1 conslant pmdion lemperalure. Changes in Y due ko heating effects musi be taken inlo account
separately Pulse tasting with bow duly cycle Is used.
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General-purpose Relay

MY

Versatile, Muiti-featured, Two-and
Four-Pole Miniature Power Relays
for Sequence Control and Power
Switching Applications

« Increased reliability through automated production.

+ Multiple features available, including LED indicalor, lest
button, bifurcated conlacts, buili-in diode and CH (swage
supprassion).

» Max. switching current: bwo-pole/10 A, four-polef5 A.
« Environment-friendly cadmium-free conlacls.

« Buill-in operation indicalor and name-plate is etandard.

Ordering Information
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B RELAYS
Standard Coll Polarity
Type Contad form Model
Plug-in sockel/Solder lerminals.
Standard with LED dicator | Wilh LED Incicator and les] butlon | Wilhott LED Ingicator
Randard DPDT MYZN WY2IN Y2
APDT MYAN MYAIH Y4
4PDT (iturcaledy | MY4ZN MY4ZIN MY4Z
Wilh bullL in dhiode | DPDT MYZN-D2 MYZIN-D2 —
(DG only) 4POT MYAN-D2 MY4IN-D2 —
4PDT Wifurcaled} | MY4ZN-D2 WYIZIN-D2 —
Wilh builin GR DPDT MY2N-CR MY2IN-CR _
m“v‘;fm 4PDT MYAN-CR MYSINCR —
APDT ifwcaled) | MY4ZN-CR MY42N-CR —

Hote: 1. When ordering, add the raled coil voliage 1o ihe model number. Raled cod voitages are given in the coll ratings lable.

Example: MY2 ACE(S)

Raled coll voltago
Auc bartier standard on all fowe-pole relays.

[

3. Other modeis also available. such as. three-pote versions, langemount, PGB. elc. Cenlacl your Omron Representative for

details.
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Ordering Information - continued from previous page
Reverse Coil Polarity
Type Conlacl form Model
Pag-in sockel/Solder terminals
With LED indicalor wvilh LED indicator and tesi bution
Standard (DG only) DPDT MY2N1 MY2IN1
APDT MY4N1 MY4iN1
4PDT (biturcated) MYAZN1 MYAZINt
With built-in dicde DEDY MY2H1-D2 MY2IN1-D2
{DC onty) 4PDT MYIN1-D2 MY4INI-D2
4PDY (bihwcated) MY4ZN1-D2 NMYAZIN1-D2
Nole: 1. When ordering, add the raled coll voBiage 10 the moded number, Rated coll votlages are given In the coll ralings lable.
Exampie: MY2 ACH(S)
1
Raled coll volage

2. Asc beutied standard on alf four-pole retays.

Specifications

Il COIL RATINGS

Raled vollage Raled cumment Coil Induciance {reference Musl Must Max. Power
resislance | valug) operate | release | vollage | consump-
Bon
50 Hz 60 Hz Amn. OFF | Arm. ON % of raled vollage (approx.}
AC |Bve 214.1 mA, a3 mA 1220 0.04 H 0.08H 80% 30% 1% |10
12V 1005 mA |01 mA a0 0 0.17H 0.33H B ¥) :eg}"f‘a
24y 53.8 mA 46 mA 180 o 0.69H 1.30H
48v* 257 mA 22 mA 789 0 3.22H 560 H
110120V [0.0/100mA |8.4/02mA |4,430 0 19.20H 24 H 09%
11VA
220240V [4853mAa |4248mA | 187000 [ 83.50H 130.4 H {80 Hz)
0c (8w 151 mA 30.8 0 0.47H 0.33H 10% 0.9W
12v 75 mA 1800 0.73H 1a7H min.
24y 77T mA 838 © 3.20H 5.72H
40\ 18.8 mA 2,560 0 10.80 1 21.0H
100/410V | 0.00.9mA n.100a | 4560H 86.2H

Hote: 1.

2. Performance eharacteristic data are measured at a cofl temperatwie of 23°C.

3. AC coil resistance and impedance are provided as reference values (al 60 Hz).

T raled current and coll reststance are measured al a coi temperaluse 0 23°C with loterances of »15%/-20% lor rated cur-
rents and +15% for DG col {esislance.

4. Power consumplion diop was measured for the above data. When diiving lransistors, check feakage cument and conpexct a
bleeder 1esistof if required.
5. Aated voltage denoted by <* will be manufactured upon request. Ask your OMRON repiesentative.
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B CONTACT RATINGS
Rem 2_pole 4-pole 4_polo (Difvrcated)
Reslslive load Inductive load Reslslive load Inductive load Resisiive toad Inductive inad
fcose =1 {cos¢ = 0.4, {rose =1} {cosp =04, {cosg=1) {cose = 0.4,
LA =7 ms) LR =7 ms) L/ = 7 ms)
Rated load 5A, 250 VAG 2A, 250 VAG 3 A 250VAC 0.8 A, 250VAC |3 A 250VAC 0.8 A, 250 VAC
5A, 30 VDG 2 A 30VDG 3 A I0VDG 1.5 A 30VDC 3A.30VDC 1.5 A. 30 VDG
Garry curend 10 A (See Nole ) 5 A {See Noto.)
Max. switching 250 VAC 250 VAG
voliage 125 VDG 125 VDG
Max. gwilching 10 A 5A
curent
Max. swiching 2,500 VA 1,250 VA 1,250 VA 500 VA 1250 VA 500 VA
capacity 300 W 300W 150 W 150 W 150w 150'W

Note: Do not exceed the carry current of a Sockel in use.

B CHARACTERISTICS

Conlact resislance 100 me max.
Opetale lime 20 ms max.

Redease lime 20 ms max,

Max. oporaling | Mechanical | 16,000 operationg/hy

frequency Elecirical 1,800 operations/iv {Umder rated foad)

Insutation resislance 1,000 Ma min. {al 500 VOC)

Dieleciic withstand yollage 2,000 VAC, 5080 Hz for 1.0 min (1,000 VAC between contacts of same polarity)
Vibration resklance Desiruction: 10 10 55 Hz. 1.0 mm double amptiude

Malunction: 10 1o 55 Hz. 1.0 mm doubic ampklude

Shock resisiance

Desirustion: 1,000 mys? (approx. 100G)
Madunction: 200 mys? (appiox. 20G)

Life expeciancy See the lollowing table.
Ambient Operaling -85°C lo 70°C (-87"°F to 158°F) with no ldng {568 Nale.)
temperaire

Ambient humidily | Operafing 35% lo 5%

Weight Appiox. 359

Nolte: The values given above are initial vales,

B LIFE EXPECTANCY CHARACTERISTICS

Pole Mechanical Ee (at 18,000 operations/fv) | Eleclrical life (al 1,800 operations/ir under raled toad)
2-pile AC: 50,000,000 operalions min. 500,000 operations min.
4-pole DGz 100,000,000 operalions min. 200,000 operations min.
4-pole (bilurcated) 20,000,000 operaliong min. 100.000 operalions min.

B APPROVED STANDARDS
VDE, UL. CSA. IMQ. GE
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B MAXIMUM SWITCHING CAPACITY
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