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Abstract

This thesis presents a PLC application for orange packing control, so the packing
process was implemented with ease and accuracy. Hereby, a packing system model for 3-5 cm
diameter oranges was developed. The model consisted of a carton carrying part and an crange
carrying part, The carton carrying part moved each carton to a position suitable for loading. The
orange carrying part delivered the oranges for loading the cartons. In addition, the oranges were
arranged to pass a photoelectric sensor and were put into the carton one by one. In this project,
two photoelectric sensors were used for detecting the cartons and the oranges. The sensors then
signaled to the PLC and the motor-drive circuit responded correspondingly. Numbers of cartons
and oranges werc shown via seven-segment displays, which directly obtained signals from the
sensors. The experimental results showed that the model could continually deliver 128 oranges
per minute on average. By means of the PLC programming the control scheme could be easily
modified. This included the number of oranges per carton and a timer selting for stopping the

motor drive in the absence of cartons or oranges.
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2N3055
MJ2955

COMPLEMENTARY SILICON POWER TRANSISTORS

s STMicroelectronics PREFERRED
SALESTYFPES
»n COMPLEMENTARY NPN-PNP DEVICES

DESCRIPTION

The 2N3055 is a silicon Epilaxial-Base Planar
NPN transistor mounted in Jedec TO-3 metal
case.

it is intended for power switching circuits, series
and shunt regulators, outpul slages and high
fidelity amplifiers.

The complementary PNP type is MJ2955.

INTERNAL SCHEMATIC DIAGRAM

Co{TAB} Co(TAB)
E‘(1) B( 1}
Eo(2) £0(2)
Scoaain
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unlt
NPN 2N3055
PNP MJ2955
Vepo |Collector-Base Voltage (Ig = 0) 100 v
Vcer |Collector-Emilter Voltage (Rpe < [1H)(}) 70 v
Vceo  |Collector-Emiiter Voltage (lg = 0) 60 v
Vepo |Emitter-Base Voltage (Ic = 0) 7 v
fe Collector Current 15 A
Ip Base Current 7 A
Pw  |Total Dissipation at Tc < 25 °C 115 w
Tstg Storage Temperature -65 to 200 °c
Tj Max. Operating Juncilon Temperature 200 °C
For PNP types vollage and cumrent valuss are hegative,




2N3055 / MJ2855

THERMAL DATA

l Rinj-case ITharmal Reslstance Junclion-case Maxl 1.5 | °crw I

ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified)

Symbol Paramater Test Condltlons Min. | Typ. | Max. | Unlt
Igex Collector Cut-off Veg =100V 1 mA
Current (Vee = -1.5V) [Vce=100V Tj=150°C 5 mA
leeo Collector Cul-off Vee=30V 0.7 mA
Current {is = 0}
leso  [Emitter Cut-off Current |[Veg =7V 5 mA
{lc =0}
Vceosus)* | Collector-Emitter Ic = 200 mA 60 Vv
Sustaining Voltage
(la = 0)
VcEr(sus)* [Collector-Emilter le = 200 mA 70 v
Sustalning
Voltage (Rpe = 100 €2}
VcEgsany* |Collector-Emilter lc=4A lg = 400 mA 1 Y
Saturation Voltage lg=10 A le=33A 3 v
VBe* Base-Emitter Vollage [lc=4 A Vece=4 A 1.8 A
hgg= DC Current Galn lc=4 A Vee=4 A 290 70
lc =10 A Vep =4 A 5
fr Transllion frequency lc=05A Vee= 10V 3 MHz
Isib* Second Breakdown Vee=40V 2.87 A
Collector Current

+ Pulsed: Pulse duration = 300 ps, duty cycle 1.5 %
For PNP types voftage and cument values are negative.
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2N3055 1 MJ2955
TO-3 MECHANICAL DATA
mm inch
DIM.
MIN. TYP. MAX, MIN. TYP. MAX,
A 11.00 13.10 0.433 0.516
B 097 1.15 0.038 0.045
Cc 1.50 165 0.059 0.065
D 832 8.92 0.327 0.351
E 19.00 20.00 0.748 0.787
G 10,70 11.10 0.421 0.437
N 16,50 17.20 0.649 0.677
P 25.00 26.00 0.984 1.023
R 4.00 4,09 0.157 0.161
U 38.50 39.30 1.515 1.547
\ 30.00 30.30 1.187 1.193
P A D
G C
L L
A IH_‘
_ /& .
m
o
Jf
N |
R ||
PO03F
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HRS4(H) Relay

1.COIL DATA

1-1.Nominal Voltage

1-2.Coil Resislance

1-3.0perate Vollage

1-4_Release Voitage

1-5 Nominal Power Consumption

2.CONTACT DATA

2-1.Conlact Arrangement
2-2.Conlact Material

2-3.Conlact Rating

2-4. Max. Switching Yoltage
2-5.Max. Swilching Curent
2-6.Max. Switching Pawer
2-7.Contact Resistance { lnitial )

2-8 Life Expeclancy E:mmw

3.GENERAL DATA
3-1.Insudalion Resislance
3-2 Dielectic Strength

3-3.0perale Time
3-4.Release Time
3-5.Temperature Range
3-6.Shock Resistance
3-7.Vibration Resislance
3-8 Weight

39 Salety Standard

4.DIMENSIONS ( In mm }
15¢
—

IVDC o 48 YDC
Refer to Table 1
Refer to Table 1
Refer lo Table 1
360 to 450 mW

1FormA,1Fom C

AgCdo

10A 120VAC / 24 VDC (IC)

158 120VAC 1 24 VDC (1A)

110 VDG / 240 VAC

154,

1800 VA , 360W

50m,,. at 6 VDC 1A

100,000 operations at nominal load
10,000,000 operations

hin, 100M,, at 500 VDC

T50VAC , tmin between open contacts
1.500VAGC , Tmin batwean contacts and coil

Max 8ms

Max. 5ms

-3010 485 [

10G

10 - 55 Hz , Amplitude 1.5mm
10 gr.

UL NO. E184730

HRS4(H) Relay
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5.ORDERRING CODE

— NOMINAL VOLTAGE DC3V,DC5V,DCEV,DC12,0C24V

43

ENCLOSURE
S- - “\WASHABLE
, COIL
NIL --STANDARD TYPE
H—HIGH SENSITIVE TYPE
»TYPE
6.COIL DATA CHART
COIL CoIL OPERATE | RELEASE COlL
ORDERING CODE |, naL| RESISTANCE| VOLTAGE | VOLTAGE NOMINAL
vDe +-10% vDC vDC mw
HRS1-S DC3V 3 25 2.25 0.30
HRS1-S DCHY 5 70 3.75 0.50
HRS1-S OCeV [ 100 4.50 0.60 160
HRS1-S DCOV 9 220 6.75 0.90
HRS1-S DCi2V 12 400 9.00 1,20
HRS1-S DC24V 24 1600 16.00 2.40
HRS1H-S DC3V 3 45 225 0.30
HRS1H-5 DC5V 5 120 3.75 0.50
HRS1H-3 DC6V 6 180 4.50 0.60 200
HRS1H-S DCOV E] 400 8.75 0.90
HRS1H-S DC12V 12 700 9.00 1.20
HRS1H-S DC24V 24 2800 18.00 2.40
Table 1
7. HRS1{H) CHARACTERISTIC DATA
Timing Coll Temperature Operating Range
Nominal Vollage
Time(ms Temparalure Rise{“C) Mulliplying Factor
8 80 1.8 |
1.6
// - \\ HAS1H
8 S 80 .
\ 1A A / ) . \
al b Operale so0f T // “ 1'0 [~ HRS1 \\
N L | A oA ‘ \
. // 0.8 \
] | /] A
2 — 20 ¥ 06
A| Release - 0d
0 0.2 0.4 Q.6 0 0.2 0.4 0.6 4] 20 40 80 80 100

Coil Power{W} Coil Power{W) Ambient Temparalure(* C}



Maximum Switching Power

Conlact Curent(A)

2.
A C Resistive
1 x -
N
DC Resistive K
0.' NN N S——
0.2
10 20 30 40 50 100

Contacl Voltaga(V)

200

Life Curve
Operalion{x 10,000)
sod__ ||
3 \\
10
A Y
LY
LY
N,
N\, [120VAC Resistive
20 ]
10 \,,
\\
"‘*-
5

02040608 1.01.21.4161.82.0

Contact Current(A)

49
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INSTRUMENTS

Data shest od from Hairis Semicorducior
SCHS0d Iﬂmke-d July 2003

CMOS
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CD4026B, CD4033B Types

Decade Counters/Dividers

High-Vollage Types {20-Volt Rating)

With Decoded 7-Segment Display Outputs and:

Display Engble — CD4026B
Ripple Blanking — CD4033B

B CD40268 and CD40338 sach con-
tisy of s B4tage Johaton decade counter
and an output decoder which conwrts the
Johnton cade 10 & 7-segment decoded out-
put for driving one stage in a numerical
display.

Theie devices are parlicularly advantageous
in display applications where low power
dissipation. andfor low package count are
Impottant.

Inputs common 1o both types are CLOCK,
RESET, & CLOCK INHIBIT; common
outputs aré CARRY OUT mnd the sevan
decoded outpuls {a, b, c, d, », I, g}. Addi-
tionel inpuls and culputs for the CD40268
Include DISPLAY EMHABLE input and
DISPLAY ENABLE end UNQATED 'C-
SEGMENT" outpuls. Signals pecullar ta the
CD40338 ara RIPPLE-BLANKING INPUT
AND LAMP TEST INPUT and » RIFPLE-
BLANKING QUTPUT.

A high RESET sgnal clesrs the decade
counier to (15 zero count. The oounter it
sdvanced one count sl the positive clock
sgnl trpnsition If the CLOCK INHIBIT
ggnal Iy low, Counter advancemant vis the
dock fine & lohibited when thy CLOCK
INHIBIT signal is high. The CLOCK INHI-
BIT slgnsl can be usad s » negative-edg
dock il the clock line Is hald high. Anilock
gating is provided on the JOHNSON counter,
thus assuring proper counting sequence. Tha
CARRAY.QUT {C,q) tlgnal completsi one
cycle avery en &bcx INPUT cyces and
i utad Yo clogk the succesding decads di-
recly in a multldeceds countimg chain.
Thae sevan decoded outparts {a, b, ¢, d, &, f, g}
Huminaste tw proper segmanis in a seven

UAXIMUM RATING &, Absokis-AMarimurs Vadres:

OC BUPPLY-YOLTAGE RANGE, (Vpp)
Volluges rafersnced bo Vg Tarminal)

INPUT VOLTAGE RANGE, ALL INPUTS ..

DG INPUT CURRENT, ANY ONE PUT ....oe.ei...s

POWER DIBSIPATION PER PACKAGE (Pp¥
For Tp = —88°C jo +1009G 1.0
For TA= #100°C lo +128°C. .,

DEVICE DISSPATION PER QUTPUT TRANSISTOR

Features:

8 Counter and 7-mgmant decoding in one package
2 Esmlly Intorfacsd with 7-ssgmant dleplay typer
# Fully itutis sounter oparstion: D to 8 MHz [tvp.]

stVpp=iov
\deal for low-powse dhipliys
Display snable output {CD4020B)

100% tested for qulercant current at 20 V
Standerdized, tymmetrical cutput
charsotariztier

u 8-V, 10-V, and 16-V parametric ratings

® Bchmitt-triggersd dook Inputs

= Meats all raquiremants of JEDEC Tantative
Standard No. 138, “Standmd Bpacifications
tor Duseription of *B* Serias CMOS Devicw"

Applications

8 Decade ]
display

® Fraquency diviion 7-segment decdmel
dhiplsys

u Clogks, watchay, timen
(o.g. 80, * 8D, = 12 sounter/display}

» Gounter/display driver for mater
appllcations

1_mm‘.l Imal

sagmant display davice uted for rapfesanting
the decimal numbers 0 to 8. The 7-sagmant
outputa go high on wcton In the CO4033R;
in tha CDACZAE thase owputs go high only
whan the DISPLAY ENABLE IN i high.

FORTa = FULL PACKAGE-TENMPERATURE RAMOE (ANPackapa TYD#a) .. ocovnemencaviiiainns 100mW

OPERATING-TEMPERATUAE AANAE (Tg)

STORAGE TEMPERATURE RANGE (‘I’no) ...........

LEAD TEMPERATURE {DURING SQLDERINGE

Al dbiance 1718 & 1722 ch (1,39 £ O0.700un) om Cass for 10RMAX ... .vernrartisnrnennnnas

“Ripple blanking*” end lamp et (CD403IB)

A T TS

cDdo208
FUNCTIONAL HAGRAM
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AECOMMENDED OPERATING CONDITIONS

For miximurh relisblilty, nominal operating conditions thould ba selacted so thet opacation it

afwikys within the folkowing rivg.:
CHARACTERIBTIC VoD LIMITS UNITS
L v | MmN, | max.
Supply-Voltage Rasnge {For Ty = Full Packsge
Temperature Ranged 3 18 v
Clock nput Frequency, oo 6 - 25 |
10 - (13 MHz
15 - '
Clock Pulie Width, oL 5 |22 -
10 | 100 -
15 80 -
Clock Rlss and Fall Thre, 4oy trex [ -
10 - | untimitad
15 =
Clock inhibit Set Up Time, 15y ] 200 -
10 50 - o
16 30 =
Reset Pulie Width, ™ 5 | 200 -
10 | 1c0 -
15 50 =
Ruet Ramoval Time ] 0 -
0 16 .
15 10 -
$TATIC ELECTRICAL CHARACTERISTICS
CONDITIONS LUAITS AT INDICATED TEMPERATURES (9C}
CHARAGTER. ors
" ¥ Va |Vin (VoD +20
[\ vl {iv) | B8 | 40 +88 25 | Mn | Typ. | Max.
Qui Device - 06 | & -] 5 150 150 - 0.04 5
Curtens, — loo| | 10 | 10 |200 [300] - ]|oo4| 0
Iop Max. YUY B S e e I I I e
" [0,20] 20 [ 100 | 100 | 3000 [S000 | - | 0.08 { 100
Output Low 03 |06l & |06a 061 | 047 | 036 |06 | 1 -
{Snk} Cursent o6 [o10]1w0] 16 |16 | ¥ oo |13 | 28 -
lot. Min. 15 foas| 8] ez | 4 | z8 | 24 |54 | 68 | -
Outpin High 46 |05 | 8 [-084a-—o08i|-04a2]-028]-061] -1 - | mA
[Sourcel 28 |asf 5 | 2 |-18 | -3 |[-LI6f-18]) 32 | -
CurQly 96 |010f 0 -18|-15 | 11 | 0&[-13] 26 | -
oHRS T35 |0061 16 |42 | -4 |28 | 24 |94 | -8 | -
Oulput Voliage: — a5 | 5 005 - 1} 0.05
LareLevel, -~ Joao} 1o 0.06 ~ |- o |oos
VoL Max. ~— {05 & 06 o O ]
Output Volage: - 05| 5 | 4.96 405 | 8 -
HighLevel, — [o30] 6 [ 08 eS| b | —
~ Vou Min. — [oas] 15 74,95 Tes] 15 | -
Input Low 08,45 - | & 15 — 1= |
Voltags, .9 | - {10 3 - | — | 3
ViLMie TETYE] - | 16 ) =141,
Input High 0.6 481 — -] 16 ae — —_
Voltage, .8 | - {10 7 7 — —
VinMin. f1ga38] - [ 16 T n| - J-
'“mﬁ‘f,’l'"' - Jous| e | ]son ]| o | 11| - |a0-¥| 0] wa
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CD40286 )
When the DISPLAY ENABLE IN & low the
wwn decoded outputy sre forced low re-
gardless of the atate of the counter, Acy-
vatlon of "the display ‘only when required
revlty In signilicant powwr cavings. Thk
witam also facilitates Implementation of
display-character multiplexing.

The CARRY OUT and UNGATED "C-
SEGMENT" signals are not guted by the
DISPLAY ENABLE and therslors are svall-
able continuously. This {satury is & re-
quirement in implamentation of ceruin di-
vider funcilons such as divide-by-80 and
divide-by-12,

ch4033p

The CO40338 hat provitlons for sutamatic
blanking of the non-significant zeros In a
muld-digl decimal number which resulis in
an anifly resdabls display conilstent with
normal writing practios. For exsmple, the
numbaer 0050.070Q In an eight dight dlaptay
wauld be displeyed a3 60.07, Zero suppres-
sion on tha integer side is obtained by con.
necting the RBI terminal of the CD40338
agoclated with (the most significant digit in
ihe display to » low-level voltage snd con-
necting the RBO terminal of that stage to
tha RBI terminal of the CD40338 in the
next-lowdr significant position In the dis-
play. This procachwa Iv continued for ench
suoeeeding CD4033B on the integer slde of
the displsy.

On tha Fraction side of the dlaplay the RBI
of the CD40330 susociated with the least
signifleant bit s connscted 0 a low:laval
voltsge and the ABO of that CDA033B s
connected 10 the ABI terminal of the
CDA40338 in tha next mors-significant-bit
position. Apeln, this procedurs is continusd
{or all CD40338°s on the traction side of the
display.

In a purely iractional number tha 2ero
immedintaly preceding the decimal point can
be displaysd by connecting the ABI of that
stage to &high ltvel voltage {Instesd of 10 the
RBO of the next morwsigniticant-stage).
For exampla: oplionsl zero -+ 0.7348.
Likewiss, the zero In & number such as 763.0
can be displayed by connecting tha ABI of
the CD4033B associated with L to a high-
teval voltage.

Ripple blanking of naon-igniticent zerod
provides an appraciable saviog In displey
pover.

The CD40338 hav & LAMP TEST input
which, when connected to 8 high-Jevel volt-
800, ovenldet normal decoder operation snd
erpbles & chack to be mede on possibla
dlsplay malfunotions by pulting the wven
outputs in the high s1ate.

The GD40288. and GD4033Baeiles types are
yuppiledin 18-lead dualindine plastic packages
{E sutfix), 181480 emalloutline packages (NSR
suffix), and 18lead thin shiink smal-outline
packages (PYY and PWR suffixes}.
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DYMNAMIC ELECTRICAL CHARACTERISTICS #¢ Ty = 26°C, Input 1, t7= 20 s, ) s
.Cy =5QpF, Ay » 20040 i i 1
L TE.-I' 5 -3
) CONDITIONS LIMITS
CHARACTERIETIC ’ DD : UNITS i !
AV} Min.| Typ.IMax . t E
CLOCKED OPERATION — i
Propagation Dalay Time; tpLH: tPHL Bl —. 2 (] i
Camry-Out Line 10 | — [100]200 , E
15 |- | 75 |160 i
5} - 13501700 | Fip - mkmpf&mnlwlphu:l;';xmi
Decods Outlines 10 | — | 126 [260 } ns currant charsctaritit
16 [ - | 80 {180
Tranition Tima; ATHL- tTLH 6 | — |100 [200 a T T
Carry-Out Lins - 10 [- ] & {100 [z EHY H
_ 15 |- | 26¢{ 60 i
Mastimum Clock Input Frequengy, fc|a & (2.5 5| - ; 2 it =
- 10 [65] 1] - | mue E™ T ; L
15| af 6] — i it :
Min. Clock Pule Width, _ ty 6 |- |10 220 o £,
10 |- 100 E
15 |- ]| 40 [0 il il i
Qlock and Clock tnhibit Rise or Fall Tims; | &6 | 104D CAPACTHARCE Mxl—pf wach-31H0Y
oL Yol | 10_| Unlimited m Fip 10 - mp;?;m;::;m
18 decodvd quipuis,
[Avarage Input Capacitance, G- Any Input el rs | 7 | pF T AT
RESET OPERATION ! HE : G
Propagation Dollv_'ﬁmc; B | — 276 [550 ": o
To Carry-Out Line, tpLH 10 |- [120 {240 H
16 |- | 80 160 niknm
To Dacode Out Lines,  tayL. tpLu 6 |- |300 faco H {Hi
10 |- |26 f2s0 HEE A
= — 1180 | s =t i
Min. Reset Pulse Width, iy 6 {— |00 pao it il
10 |- | 50 00 3 LOLY SAMITAREE (01— 3 '3-::”:,
72 R ¥ Y (e g s
Min. Reset Remavel Tire - . 6 |- ] o3 Yusetion o
b v o= o[® et i,
6 |-] ofto ST T TRATRE iTA) 10

& Massursd mith rempect (0 carry-ovi I,

[ e B, -

'
[]

[ [] B
PR POLNANE (V) ¥ rra-io.

Fig 12 = Tybica clock inpunfeg
#¢ ¢ Function of supply valtage.




55

A ET THAPLMTWAR (TP
¥ - 10ar camacrrincs 10y opr
—iCr B

1]
<
H
§

TII%T

THE FOLLOWUM X0y Linct OF
8% AND 00 AT LatH IRPUT
6 Ip 530 ks

{Thom |
b
T
)
. WA
L r
§

T
: 160 ao0
HH ™ . Fr5tLOe0
HaEi] ‘;: ok ERtYon : 1 EOLar 5 oot o
v . o1
!" }‘/ —'1 1; N ¥ » "
(EF; Canigms mE gy aa- T ‘ R
‘et ali - &
[ [ i 183704
o T T4 M LY '
| ] il'o' 1 1 [] -y -w—-
€LOCR mPYT-FALTDSY By )= sic-arR Fip. 15 — Queataat davice cwesnr.
Fig 13— Typheal powsr danipation a3 & function -
af clock input frequency. sres-Biroe
v,
Fig. 14 — Dynamic powyr dissipalion (b circuit r
!
or g | | gutPuTe
Vi - o
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INTERFACING THE CD4026B AND CD40338 WITH COMMERCIALLY AVAILABLE-
7-5EGMENT DisPLAY DEVICES®

M §
Yoo
[
l T ReCLRMRICENT REabOTTY
ACA Nymison DRI00) Servs
Locx prrr— TUBE REOLEREMENTS
€ O cmun ™ Yy raes
PO = | 1rcam v et ma
l r wossm | F < on EQuRY. mlr Segmess
" 5 = Astyxro [T
L1144 - TRINIHTOR
™~ v CRANACTERIITICY @V ™ 10V Imin)
I~ Boclant 2 35 AP O L
= i vy Yegluni g 637 1g 10 mk (nd
Yym
() Wpps §V(emd rslSvroay
- ¢ Iy o lai [meh
»' e ReAen) gy e 10V imin)
“ 14 Coislae L ] VTS ke
Fro |k fain)
LOW-FOWER INCAMD SOCENT READOUTS aﬁ'ﬂ.ﬁin‘l‘ﬂ
%ngéummmm nv ™1 maSagmant CHARAC TERRTICY @ Vi 8V (min)
0-00-18 I.I s Bii tmin iz B V.0 5y
0-04-30 3 2 Yeghnag 05V s+ Sk fotad
0-08-30 3 [} Vor p L4V (mia)
AF-20 2 43 Iy t 0. ad fain) Vitdvio)sy
A-R430 3 43 ir & 13 oh (ain)
$2CH - 31707

® The intarfecing buflers shown, whila 8 necessity with the CD4028A and CO4033A, are not requirad when
uting the "B" devices; ths “8" autputs (% 10 times the A"’ outputs} can drive most display devicss
directly especially at voltages sbove 10 V.,

WITH Vipey 18 ¥ WEDIUM BAIGHTNESS

Yy Y O
Yoo 1 LOW A ENT LIGHT BACKORDUND.
4 DO )L RESiT. THE POINT OF WO
NOTIEBLE GLOWIS Vorp W 4.8V
D4/
cuce éauin codo33 |
'9-_—4 7 icaliYe GL:WK
""’I— 3.8y INHIBIT '
LOOIC
3 o SEGMENTS
. j’_"“ RESET]
=
NEON READOUT (NIXIE TUBE®) '

1. Alco Elacronicr ~ MAIS R Vg -
2. Burroughs — B59T1, 87071, 88971 Iy
TUBE REQUIAEMENTS VplVdd)  mA Sepment

ey
AleoM31®. . ....18.... OF LOW VOLTAQGE VACUUM FLUGRESCENT choﬂw
Burrouph BBOYY. . . . WM. ., . 3 REACOUTS -
lltmﬂml.mrl Rt T '] 1. Turg Sol DIGIVAC 8/G § Type DT1704A o DTTI05C
i . N ! T

Al X} Burtoughs Carp. : Nippon Eleciric |NECI: vpe OG Y2E or LDB1S

"I'R'A.Ndl S:ITORCHARACTEN - UBE REQUIREMENTS: 100 to J00 p A wgmie—t

STICS ot tvbe voltages ol 12V 1a 25 ¥ deapending on

Laakinge with transivtor sutoll — 005 mA requited brightnass Filament cequisement 45 m2

VBAICER - - - - - >vy a8V, worde

Fac (min) > 20 wcs-3ime I i Tradernark} Wagnes Blaeirk Co.

12C8-Nh



MECHANICAL DATA
N (R-PDIP—T**) PLASTIC DUAL-IN-LINE PACKAGE
16 PG SHOWN
\"‘\ 1LY 14
A » » Es ¥ 16 1 20
o y T o | Lowo | veee |
[ W I W IR TN s U il W Hfs U thel I ol SO A MAY (‘Iqﬁ"-;] (I':J,BQ) (2:.5"1.',) (?'&9?)
; 0.745 | 0./45 | OB0 | 0.940
D 3333{%‘%}) Aown (16,92) (18,97) | (#1,59) | (23.86)
P s s g s g S o g g ) I /{\ V:FE\’M?::("N AR [Efil AC AD
i J L 8 = e
0.070 (1, Id)
h T 0.045 (1,14) TN
. 0.045 { T
i r 0,030 (n ;b L AN 0.020 ((Il 51) Ml > Nk E‘jég -
| i ;
. 0.015 (0,38
[] | l J I } ‘
‘ 17053 (5,08} VAX -— =
| ! — T Guuye Plane
\4‘ }-l l-l l-l U U I-I { x| seating Piere

—0.010 {0,25) HOY

3 0160 (2.54)

J{uw\mr
{

| 0125 (3.18) ¥ B
L
!

]t
—J .430 {10,92) MAX L—
RS (035

[0 G0 £

‘\\ U /' 1M/18 Fin Caly
- 20 P veadar optitn Lf)\

4040040/C  12/2002

NOICS: A All Prear dimensions e ninches (miimelers).
1. fnis drawing 5 sudject o chenge aitnsut notize.

i\ Fols with'n JEDEC MS-001, excepl 18 and 20 pn minimum body length {Bim A).
{& Tive 20 pn end lead shoulder aidlh is a vendor oplien, eilher holl or ful width.
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MECHANICAL DATA

NS (R-PDSO-Q*)
14-PINS SHOWN

PLASTIC SMALL-OUTLINE PACKAGE

o
HHHHBRT

Q
TOET O]

A

i \
U

- 2,00 MAX

520
i

0,15 ROM

=+

J, Gage Plone

io.'_os
$

Seating Plone
PING o0
o t6 20 24
A MAX 10,50 12,90 15,30
A WIN 9,90 12,30 14,70

4040062/C 03/03

NOTES:

A, Al [inear dimensions ore in milimelers.

U. this drowsing is subect le change withgut nolice

C. Body d'mensions dJo nol include mold flash or prolrusion, nol 1o exceed 0,15,
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MECHANICAL DATA

MTSS001C — JANUARY 1995 — REVISED FEBRUARY 1993

PW (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
14 PINS SHOWN

Sl

14 8

HHHHH

l 0,15 HOM
450 680

IELL LT

4 A —

Pﬁl v Sealing Plane
A _

20 MAX H;j_

0,05
n
\“‘QNS 8 id 16 20 24 28
DIM iy
A MAX 3,10 5,10 510 6.60 7.90 9,80
A MIN 2,80 4,80 4,00 6,40 7.70 960

4040084/F 0197

NOTES: A. Al linear dimensions are inmillimeters.

B. This drawing is subject to changa without notice.
. Body dimensions do nol include mold flash o protrusion nol to exceed 0,15.
. Falls within JEDEC MO-153
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FAIRCHILD
]

SEMICONDWCTOR

LM78XX/LM78XXA

August 2012

3-Terminal 1A Positive Voltage Regulator

Features

m Qutput Current up to 1A

w Oulput Voltages of 5, 6, 8,9, 10, 12, 15, 18,24

m Thermal Overload Protection

m Short Circuit Protection

m Output Transislor Safe Operaling Area Proteclion

General Description

The LM78XX series of three teminal posilive regulators
are available in the TO-220 package and with several
fixed oulpul voliages. making them useful in a wide
range of applications. Each type employs intemal current
limiting, thermal shut down and safe operating area pro-
{ection, making it essentially indestructible. If adequale
heat sinking is provided, they can deliver over 1A output
current. Although deslgned primarily as fixed voltage
regulators, these devices can be used with external com-
ponents o obtain adjustable voltages and cuments.

Ordering Information

Product Number | Output Voltage Tolerance

Package Operating Temperature

LM7805CT +4%
LM7806CT
LM7808CT
LM7809CT
LM7810CT
LM7812CT
LM7815CT
LM7818CT

Lm7824CT

LM7805ACT +2%
LM7806ACT
LM7808ACT
LM7809ACT
LM7810ACT
LM7812ACT
LM7816ACT
LM7818ACT

LM7824ACT

TO-220 (SIngte Gauge) 407G o +125°C

0°C to +125°C
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Block Dlagram

Input
C

1

Pin Assighment

Series Pass Oulput
Eloment |——
3
Currenl S0A
Generalor Protection
Slarting Relerence | _ | Error
Circuil ~| Volage Ampliliar
Thermal z
Protection
GND
—— Q
2
Flgure 1.
T0-220 {Single Gaugse)

Absolute Maximum Ratings
Absoluta maximum ralings are those values beyond which damage to the device may occur. The dalasheet

specilications should be met, without exceplion. e ensure that (he syslem design is reliable over its power supply,

1. inpul
2.GND

3. Outpul

Figure 2.

temperalure, and oulpul/input loading variables. Fairchild does nol recommend operation outside datasheel

spatificalions.

Symbol Parameter Value Unit

Vi Inpul Veltage Vo =5Vio18Y 35 v

Vg = 24V 40 v
Raic Thermal Resislance Junction-Cases (TO-220) 5 *CIW
Raa Thermal Resislance Junction-Air {TO-220) 65 G

Torr Operaling Temperalure LM78xx -40to +125 °C

Range (IM780A | owets
Tsta Storage Temperature Range -6510 +150 ‘G
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Electrical Characteristics {LM7805)

Reler to the lest circuits. -40°C « Ty < 125°C, I = 500mA, V| = 10V, C, = 0.1uF, unless olherwise specilied.

Symbol Parameter Condltions Min. Typ. Max. | Unit
Vo Quiput Yoltage T;=+25°C 4.8 5.0 5.2 v
BMA <lg < 1A, Pg < 15W, 4.75 5.0 5.25
V| = 7V to 20V
Regline | Line Regulationt? Ty=+25°C (Vg =7V lo 25V - 4.0 160 my
Vi=8Vio 12V - 1.6 50.0
Regload | Load Regulation(! T,=+25°C |tg =5mAto 1.5 - 9.0 00 mv
lg = 250mA to 750mA - 4.0 50.0
Iy Quiescent Current Ty=+25°C - 5.0 8.0 mA
Alg | Quiescent Currenl Change [ Ig = SmAto 1A - 0.03 0.5 mA
V=7V 025V - 0.3 1.3
AV/AT | Output Voltage Driflt2} Ig = 5mA - -0.8 - mvrC
VN Oulput Noise Voltage { = 10Hz to 100kHz, Ty = +25°C - 42.0 - pVig
RR |Ripple Rejectiont® f=120Hz, Vg = 8V lo 18V 62.0 73.0 - dB
Vprop | Dropout Voltage lo=1AT; = +26°C - 20 - v
fo |Output Resislance!® = 1kHz - 5.0 - me
lgc | Short Circuit Current V) =35V, Ty = +25°C - 230 - mA
lpk Peak Gument?} Ty=+25°C - 2.2 - A
Notes:

1. Load and line regulalion are specilied at constant junction temperature. Changes in Vi due 1o heating eflects must

be taken into account separately. Pulse lesting with fow duty is used.

2. These parameiers, allhough guaranteed, are not 100% lested in produclion.
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Typical Performance Characteristics

QUIESCENT CURRENT {mA}

NORMALIZED QUTPUT VOLTAGE (V)

6

V= 10V
V-5V
575 | o508
el

5.5 //
525 ,/

5
478

a5

“p 25 0 25 50 75 100 125

JUNCTICN TEMPERATURE {°C)

Figure 3. Quiescent Current

QR gy
- 5ha
101
1
\\
Ty
099
008
59 25 0 25 50 75 100 125
JUNCTION TEMPERATURE (°C)

Flgure 5. Output Voltage

OUTPUT CURRENT (A)

QUIESCENT CURRENT (mA)

3 T,=25G
AVg = 1o0mV
25
/1
2
e
1.5 \
1 \\
5 \
0

0 & 10 15 20 25 30 35
INPUT-OUTPUT DIFFERENTIAL (V)

Flgure 4. Peak Output Current

7
T,-5C
A
=1
g | RolmA
6 i
—/
//
55 -
54
45
4
5 e 1§ 20 25 30 35
INPUT VOLTAGE (V)

Flgure 6. Quiescent Current
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Typical Applications

w

Oy LM78XX —0
Input Oulput

C|:

= 2 Co —o.pF
0.33uF

Figure 7. DC Parameters

1 3
O-— LM78XX + —0
Input Culpul
2 AL 270pF v
2NB121 1 1 V. ov
£ — A= — e
s nF orEQ 10002 oo 30pS
O . 0

Flgure 8. Load Regulation

5102 1 9
O MA— LM78XX
Input Output
2 R
——0.a3pF
o Lo
4704F ol
120Hz +

Figure 9. Ripple Rejectlon
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3
o 4 Lmzexx  F—
Input l QOulput
C| j— 2 Co OAnF
0.33F
Figure 10. Fixed Qutput Regulator
1 3
O LM78XX ; * O Culput
Input
C - |2 Co == 0.1pF Vixx

ToawmF R,
la
j lo
Ry
| _in;v: +]
0= R, Q
Notes:

1. To specily an oulptt vollage, subslilule voftaga valua lor “XX." A common ground is required between the input and the
oulpul voltage. The input vollage musl remain typically 2.0V above Ihe oulpul votlage even during the low point on the input
rippla vollage,

2. G, is required if regulalor is localed an appreciabie dislance from power supply filter.

3. Cgp improves slabildy and lransient response,

Flgure 1.

3 Qulput
O

OT LM78XX
Input
c 2 Co— Vi

| —_ 0.1pF

0.33uF L = <
a
Ipzs la

Vo = Vux(t +Rz/Ry}+1gR>

Figure 12. Circuit for Increasing Output Voltage
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Input 1 3 Qutpul
G LM7805 + O
2
C :l: 0.33pF 6 -12 :|: Co
LM741 0.4pF
e 10k
4
lwz5lp
Vi = Vix(1 4R /A ) R =i
Figure 13. Adjustable Qutput Regulator (7V to 30V)
Input Q1 BD536
S — _ - .
w " Lm7exx & o
ANA—
a0 ——-
; IREG > lo
R1= _ Veear ~— 0.33F ——0.4uF
lrea—lavBan

to = Iree + Bat {lrReg—Veea1My)

Flgure 14. High Current Voltage Regulator

Inptat Rsg a1
O_ & Py
Q2
Qutput
Ri
Ay — N Lm7axx 9—?—0
30 l B
> -
0.AuF
Q1 =TiPa2 T”-WF ¢
Q2 =TIP42
Rec = Vaeaz £

Isc

Figure 15. High Output Current with Shori Circuit Protection
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T 2

T OwF OWF[ 247
COMMON
COMMON
O- 0
Vin Vo
Figure 18. Tracking Voltage Regulator
1 Lmzsis 2, A o
+20V J' £isv
2
0.33uF
_l' g 0.1F T 1N4001
1pF |+ 7 3
1
1N4001
MC7915 2
A5V

Figure 17. Split Power Supply (x15V - 1A)



. — Output
Input
i +
0.1pF -
1 3
J LM78XX
Flgure 18. Negative Oulput Voltage Circuit
Input S | imH Output
O —1 _— I . YT YN
470 1éwuu i
Z1
T o owrexx P
¢ Joswr |
SN 10pF
+
%0'5“ I 20004F

Figure 19. Swltching Regulator
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Mechanical Dimensions
Dimenslons in milllmeters

TO-220 [ SINGLE GAUGE ]

% BA

$lo%a[e[0]

| &

— Ay

(191} —| — — =

8.35 MAX, [
' )
14713
12,70
178 0,61
114 A0

$los B]e] AB)|

s
88 3;

=

=1

5
3

252

= 203

NOTES: UNLESS OTHERWISE SPECIFEED
A) REFERENCE JEDEG, TO-220, ISSUE K,
VARIATION AB, DATED APRIL, 2002,
B) ALL DIMENSIONS ARE I MILLIMETERS,
C) DIMENSIONING AND TOLERANCING PER

ANSI Y145~ 1973

D} LOCATION OF THE PIN HOLE MAY VARY
[LOWER LEFT CORNER, LOWER CENTER
AND CENTER OF T){E PACKAGE)
DOES HOT COMPLY JEDEC STANDARD VALUE,
F) *A1" DIMENSIONS REPRESENT LIKE DELOW:
BINGLE GAUGE = 0.61 - 0,61

G) DRAWING FILE NAME: TO220B0IREVD
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