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RESISTOR: A resistor is a passive two-terminal electrical

component that implements electrical resistance as a circuit element. In
electronic circuits, resistors are used to reduce current flow.

Types of Resistor

e Carbon Composition Resistor - Made of carbon dust or
graphite paste, low wattage values

e Film or Cermet Resistor - Made from conductive metal oxide
paste, very low wattage values

e Wire-wound Resistor - Metallic bodies for heatsink
mounting, very high wattage ratings

e Semiconductor Resistor - High frequency/precision surface
mount thin film technology

Symbol of Resistor

| As per |EC
standard

As per
American
Standard

Current Traditional




Example of Resistor

Resistors

Nowdays Resistors very small in size known as
Embedded Resistors are used in electronics.

Embedded Resistors:

Resistors can be embedded in PCBs either by use of special layers
laminated. Those types of Resistors are known as Embedded Resistors.

Example:

Embedded Resistor




CAPACITOR: a capacitor is a passive two-terminal electrical
component that stores electrical energy in an electric field. The effect of
a capacitor is known as capacitance.

Symbol:

T~

Non-polarized  Polarized

Types of Capacitors:

e (Ceramic capacitor
e Electrolytic capacitor

CERAMIC CAPACITORS: This type of capacitors are non-bised. So we
can use any terminal as positive or negative terminal. This is also

known as paper capacitor.

*
LI

ELECTROLYTIC CAPACITOR: This type of capacitor that is polarised.
So there is a positive and a negative terminal.

10




TRANSISTOR: Transistor is a 3 terminal semi-conductor device.
The terminals are base, emitter and collector.

Types:

¢ p-n-p Transistor
** n-p-n Transistor

Symbol
I I
C C
N P .
3 p B_Hr B— N B‘HL )
N \ﬁ/ P ,
I E l \TE
E E
NPN Transistor PNP Transistor
Uses:

e Use as switchs in digital TTL circuits.
e Use in amplifier circuit.
e Use in oscillator circuit.

LED: Light emitting diode, whenever foroward current pass through
diode it emites light.

Symbol:

11




Transf ormer: A transformer is an electrical device that transfers

electrical energy between two or more circuits through electromagnetic

induction.

Symbol:

Types of Transformers:

% Step-down Transformers:- In Step-down transformer

secondary windings are fewer than the primary windings. So the
transformer’s secondary voltage is less than the primary voltage.

Primary Secondary

Step-down Transformer

+ Step-up Transformers:-
The step-up transformer is the direct opposite of a step-down
transformer. There are many turns on the secondary winding than in
the primary winding in the step-up transformers. Thus, the voltage
supplied in the secondary transformer is greater than the one supplied
across the primary winding.

Primary Secondary

Step-up Transformer

12




555 TIMER:

The 555 timer IC is an integrated circuit (chip) used in a variety of timer, pulse
generation, and oscillator applications. It has 8 pin and can be operated
within 5v to 15v range.

PIN DIAGRAM:

PIN DESCRIPTION:

PIN 1: Ground supply, ground reference voltage (zero volts).

PIN 2: Trigger, Output of the timer totally depends upon the amplitude of
the external trigger voltage applied to this pin.

PIN 3: Output, the output of the pin is obtain in this pin.
PIN 4: Reset, this pin is used to reset the timer ic.

PIN 5: Control, this pin provides "control” access to the internal voltage
divider.

PIN 6: Threshold

PIN 7: Discharge, open-collector output, which may discharge a capacitor

between intervals.

PIN 8: Positive supply, the guaranteed voltage range of bipolar parts are
typically 4.5 volt to 15 volts.

13




Use of 555 IC:

1. It is used to build timer or ON-OFF pulse generator.
2. It is also used in multivibrator(astable,monostable,bistable).

Example:

355

DIODES: Diode is 2 terminal semi-conductor devices, which allow to flow

current in only one direction with low resistance.

Symbol:

14




Single stand wire: This wire consists of only one copper core. Which

Used in electronics lab.

IC 78XX & IC 79XX

IC 78XX:ic 78xX is a family of self-contained fixed linear voltage regulator

integrated circuits. The 78xx family is commonly used in electronic circuits

requiring a regulated power supply due to their ease-of-use and low cost.

15




IC 79XX: ic 79xx is a family of self-contained fixed linear voltage

regulator integrated circuits. IC 7905 output is 1A at 5V.

16
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RECTIFIER

A rectifier is an electrical device that converts alternating current (AC),
which periodically reverses direction, to direct current (DC).

Types of Rectifiers:

» Half wave Rectifier
» Full wave Rectifier

Half wave Rectifier:

The half wave rectifier is a circuit which converts AC signal to DC signal,
but it covert only half cycle of a full wave signal so efficiency is very low.

Input VMAX Recitified output
waveform 5 | waveform
+ + diode { j ! { i !
"\ R
- - No
negative
half cycle

Full wave Rectifier:

Full wave rectifier is a circuit which converts AC signal to DC signal and
it converts both negative and positive half cycle to DC, so its efficiency is
high and it is commonly used in AC to DC converters.

Now full wave rectifier is two types. Those are-

** Bridge rectifier
*+ Center-tapped rectifier

18




Bridge rectifier: a bridge rectifier is a full wave rectifier, it use 4
diode to rectify the full signal.

: s
@ - . '
D:n/\ /’ﬁ(D3 DC Load

Center-tapped rectifier: A center-tapped rectifier is also a full

wave rectifier, it use a center tapped transformer and 2 diodes to rectify
the full signal.

D1
A Dl
AC INPUT
‘ gl DC OUTPUT
B R EXY XYY )

Full Wave rectifier ‘Centre tag)

19
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BREAD BOARD: A breadboard is a construction base for

prototyping electronics circuit. It does not need any soldering so it is
very useful for circuit testing.

Internal Circuit:

..................................................
................................................

............................................................
..............................................................
..............................................................

..........................................................

.............................................................
............................................................
...............................................................
............................................................
...............................................................

L L S s e sEwew L VeV, VWV WOV WOWYY YUV
..................................................

CRO: Oscilloscope is used to observe the change of an electrical signal over

time, such that voltage and time describe a shape which is continuously
graphed against a calibrated scale. The observed waveform can be analyzed
for such properties as amplitude, frequency, rise time, time interval,
distortion and others.

e DR S

- @ S S g S :
QL o EE
:-&-;- .':.:
‘6:: :: - ' 4
,0.
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Multimeter: A multimeter, is an electronic measuring instrument that

combines several measurement functions in one unit. A typical multimeter
can measure voltage, current, resistance etc.

Wire-Cutter: A wire cutter is a small, hand-held device used to cut

electrical wire or to strip the electrical insulation from electric wires.

Power Sugplz: A power supply is usually a piece of electronic test

equipment or software used as different voltage and current supply.

h

iz 0
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H

|
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PROJECTS
1. Timer using IC555

Circuit Diagram:

Calculation: Ton = 0.693(R1+R>)C

TOFF = 0.693R zc

Used Components Value:-

R1=4. 7KOhm » R2=22k0hm
C=0.0047uF , C;=0.01uF
Calculated Ton=86.96uSec, Torr =71.65uSec

Measured Toy=110uSec, Torr =63uSec

24




Circuit on Breadboard:

Before Running Condition:

Conclusion: the output freq is above 10Hz so we can’t observe the on

and off time with eyes, so we use CRO.

25




2. Positive and Negative power supply: A positive voltage

requlator (7805) and a negative voltage regulator (7905) is used in this
circuit. Seperate power supplies ( 9V Transistor battery ) are given to both

regulators individually.

- L J
Circuit:
®
] D1-D4 = 1N4ODY
[ mE A
‘ ‘ LM 7805 IC With Sultlable Heatsink
230 p=a ] | [ -l I /7
Volt AC 3 & 4 * ! 2 ’ l
A ‘ C1
. : 5V
I [ 1 L N 3 10nF 10uF |, 10nF
4 | 2200uF —/— ——r
.
110V Or 230V To
9V ZA Transformer
+ Ground
po 10nF 10uF |, 10nF
2200uF —— —
T - 5V
1
2 3

LM 7905 IC With Sultable Heatsink

Running Condition:

. e LA R ™Y -
SEE Saens ..::= A

3.SEVEN SEGMENT DISPLAY: A seven-segment display (SSD), or

seven-segment indicator, is a form of electronic display device for displaying
decimal numerals that is an alternative to the more complex dot matrix

displays.

26




Seven-segment displays are widely used in digital clocks, electronic meters,
basic calculators, and other electronic devices that display numerical
information

Common Cathode Common Anode
a f Goat o o

Truth Table of Seven Segment Display:-

Commom Cathode Commom Anode
Decimal Individual ments llluminated Decimal Individual ments llluminated
Digit alblcld]le]f ]9 Digit alblcldlelfl]|®S
0 1 1 1 1 1 1 0 oJ]o|JoOo|O]O]|O
1 1 3 1 010
2 v ]9 11 1 2 o| o 0| o 0
3 il $] %] 4 1 3 olo|o|o 0
4 1| 1 5|9 4 of|o o|o
5 1 1 1 1 1 5 0 ol o ol o
6 1 1 1 1 1 1 6 0 oJo0o|O0O}|JO0]| O
7 1 1 1 7 O] 0| O
8 1 1 1 1 1 1 1 8 ojJo|joOoO]|]O0O]J]O]O]O
9 1 1 1 1 1 1 9 21 0]6]0 0| O

27




NOT GATE USNING N-P-N TRANSISTOR:

Circuit:

| _e/o_l Vee

Runing Condition:

PCB DESIGN:

Softwares used-:-

» TINA

Hardware used:-

» PCB PROTYPE MACHINE

28




PCB Making Operation:-

» Milling ( Cut or shape (metal) with a rotating tool )

» Engraving ( Engraving is the practice of incising a design onto a
hard, usually flat surface by cutting grooves into it )

» Drilling ( Drilling is a cutting process that uses a drill bit to cut
a hole of circular cross-section in solid materials )

29




PCB Production Technique:-

1. Dry Technique
2. Wet Lab Technique
a.Photoresist Based/Photolythographic Technique

b. Silk Screen Paint Technique

Hands on Design on TINA software

Circuit:- Timer using IC 555

Design on TINA:

Design on PCB:

30




Circuit on PCB:

PCB Circuit on Running Condition:

31




'I— Product '\! Sample & TechnicalD 2 Tools&S Support &
N Folder e s Buy ocuments #N\ oftware Community

]
TE)S(—?SUMENTSNASSS,NE555,SA555,SE555

SLFS022I-SEPTEMBER 1973-REVISEDSEPTEMBER 2014

xx555PrecisionTimers

1 Features 3 Description

«  TimingFromMicrosecondstoHours Thesedevicesareprecisiontimingcircuitscapableofprod
ucingaccuratetimedelaysoroscillation.Inthetime-
delayormono-stablemode ofoperation,the

* AstableorMonostableOperation

« AdjustableDutyCycle timedintervaliscontrolledbya single external

e TTL- resistorandcapacitornetwork.Inthea-
CompatibleOutputCanSinkorSourceUpto200 stablemodeofoperation,thefrequencyanddutycyclecan
mA becontrolledindependentlywithtwoexternalresistorsand

*  OnProductsComplianttoMIL-PRF- asingleexternalcapacitor.
38535, AllParametersAreTestedUnlessOther Thethresholdandtriggerlevelsnormallyaretwo-
wiseNoted.OnAllOtherProducts,ProductionPr thirdsandone-
ocessingDoesNotNecessarilylncludeTesting teh(;][?ﬁ;isor:ﬁféllvely,ofVcc.TheseIeveIscanbealteredbyus

OfAll Parameters. voltageterminal.Whenthetriggerinputfallsbelowthetrigg

erlevel,theflip-

2 Applications flopisset,andtheoutputgoeshigh.Ifthetriggerinputisabov

ethetriggerlevelandthe
* FingerprintBiometrics thresholdinputisabovethethresholdlevel,theflip-
« IrisBiometrics flopisresetandtheoutputislow. Thereset(RESET)inputca

noverrideallotherinputsandcanbeusedtoinitiateanewtim
ingcycle.WhenRESETgoeslow,theflip-
flopisreset,andtheoutputgoeslow.Whentheoutputislow,
alow-
impedancepathisprovidedbetweendischarge(DISCH)a
ndground.

« RFIDReader

Theoutputcircuitiscapableofsinkingorsourcingcurrentu
pto200mA.Operationisspecifiedforsuppliesof5Vto15V.
Witha5-
Vsupply,outputlevelsarecompatiblewithTTLinputs.

Devicelnformation®

PARTNUMBER PACKAGE BODYSIZE(NOM)
PDIP (8) 9.81mmx6.35mm
SOP (8) 6.20mmx5.30mm

xx555
TSSOP(8) 3.00mmx4.40mm
SOIC (8) 4.90mmx3.91mm

(1) Forallavailablepackages,seetheorderableaddendumattheendof
thedatasheet.

4 SimplifiedSchematic

Vce RESET

R1

6
THRES 3
ouTt
S

2
TRIG —

Yﬁ
i

;7 ! DISCH

GND



AnIMPORTANTNOTICEattheendofthisdatasheetaddressesavailability,warranty,changes, useinsafety-
criticalapplications,intelIectualpropertymattersandotherimportana' laimers.PRODUCTIONDATA.
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6 PinConfigurationandFunctions

PACKAGEQE%%Q DDOFFf FFS OR PW SESSS..FK
PACKAGESAS55...D OR P IPEAC)KAGE(TOPV
PACKAGESES55...D,JG,0R P at 3
PACKAGE(TOPVIEW) Q % Q 8 Q
/ LJLJLJLJL]
o1 ~ sfv
ce NC|a ° 18] NC
TRIG 2 7[] DISCH TRIG| 5 17| piscH
et e |
[ 5[] co ouT| 7 15| [THRES
14| NC
NCI8 g 10111213
ararr
OFOEO
Z l(JnJ ZZ 2
L
g o

NC — No internal connection

PinFunctions

PIN
D,P,PS,P
R FK /10 DESCRIPTION
NAME W.JG
NO.

CONT 5 12 /o Stti)onr:rolscomparatorthresholds,OutputsZ/3VCC,aIIowsbypasscapaCItorconne
DISCH 7 17 (0] Opencollectoroutputtodischargetimingcapacitor
GND 1 2 - Ground

1,3,4,6,8,

9,11,13, ] :
NC 14,1618, - Nointernalconnection

19

ouT 3 7 (0] Highcurrenttimeroutputsignal
RESET 4 10 | Activelowresetinputforcesoutputanddischargelow.
THRES 6 15 | Endoftiminginput. THRES>CONTsetsoutputlowanddischargelow
TRIG 2 5 | Startoftiminginput. TRIG<¥2CONT setsoutputhighanddischargeopen
Vce 8 20 — Inputsupplyvoltage,4.5Vto16V.(SE555maximumis18V)
Copyright©1973-2014, TexasInstrumentsincorporated SubmitDocumentationFeedback

ProductFolderLinks:NA555NE555SA555SES55
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7 Specifications
7.1 AbsoluteMaximum Ratings®
overoperatingfree-airtemperaturerange(unlessotherwisenoted)
MIN MAX UNIT
Vee Supplyvoltage® 18 \Y
Vi Inputvoltage | CONT, RESET, THRES, TRIG Vee v
lo Output current 1225 mA
Dpackage 97
Bia Packagethermalimpedance®® Ppackage 85 °C/W
PSpackage 95
PW package 149
Bic Packagethermalimpedance®)(® Fipackage >61 °C/W
JG package 14.5
T3 Operatingvirtualjunctiontemperature 150 °C
Casetemperaturefor60s FKpackage 260 °C
Leadtemperaturel,6mm(1/16in)fromcasefor60s JG package 300 °C

(1) StressesbeyondthoselistedunderAbsoluteMaximumRatingsmaycausepermanentdamagetothedevice.Thesearestressratingsonly,andfunc
tionaloperationofthedeviceattheseoranyotherconditionsbeyondthoseindicatedunderRecommendedOperatingConditionsisnotimplied.Expo

suretoabsolute-maximum-ratedconditionsforextendedperiodsmayaffectdevicereliability.
(2) AllvoltagevaluesarewithrespecttoGND.

(3) MaximumpowerdissipationisafunctionofTj(max),0;a,andTa.Themaximumallowablepowerdissipationatanyallowableambienttemperatureis

Pp=(Tj(max)-Ta)/03a OperatingattheabsolutemaximumT jof150°Ccanaffectreliability.
(4) ThepackagethermalimpedanceiscalculatedinaccordancewithJESD51-7.

(5) MaximumpowerdissipationisafunctionofTj(max),0;c,andTc.Themaximumallowablepowerdissipationatanyallowablecasetemperatureis

Pp=(T3(max)-Tc)/ 6;3c.OperatingattheabsolutemaximumT jof 150°Ccanaffectreliability.
(6) ThepackagethermalimpedanceiscalculatedinaccordancewithMIL-STD-883.

7.2 HandlingRatings

PARAMETER DEFINITION

MIN MAX| UNIT

Tstg Storagetemperaturerange

—65 150 °C

7.3 RecommendedOperatingConditions
overoperatingfree-airtemperaturerange(unlessotherwisenoted)

MIN MAX | UNIT

NA555,NE555,SA555 4.5 16

Vce Supplyvoltage SESES a5 18 \%

\ Inputvoltage CONT,RESET, THRES,andTRIG Vee \%

lo Output current +200 mA
NA555 -40 105

Ta Operatingfree-airtemperature NESSS 0 70 °C
SA555 -40 85
SE555 -55 125

4 SubmitDocumentationFeedback Copyright©1973-2014, TexasInstrumentsincorporated

ProductFolderLinks:NA555NE555SA555SES55
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7.4 Electrical Characteristics
Vcc=5Vto15V,T,=25°C(unlessotherwisenoted)

NA555
SE555 NE555
PARAMETER TESTCONDITIONS SA555 UNIT
MIN TYP  MAX MIN TYP  MAX
Vce=15V 9.4 10 10.6 8.8 10 11.2
THRESvoltagelevel \%
Vce=5V 2.7 3.3 4 24 3.3 4.2
THREScurrent® 30 250 30 250| nA
4.8 5 5.2 45 5 5.6
Vcc=15V
Ta=-55°Cto125°C 3 6
TRIGvoltagelevel v
1.45 1.67 1.9 1.1 1.67 2.2
Vcce=5V
Ta=-55°Cto125°C 1.9
TRIG current TRIGat OV 0.5 0.9 0.5 HA
0.3 0.7 1 0.3 0.7
RESETvoltagelevel \%
Ta=-55°Cto125°C 11
RESET atVcc 0.1 0.4 0.1 0.4
RESET current mA
RESETatoV -0.4 -1 -04 -15
DISCH switchoff- 20 100 20 100 nA
statecurrent
DISCHswitchon- _ _
statevoltage Vce=5V,lp=8mA 0.15 0.4 \Y
9.6 10 10.4 9 10 11
Vcc=15V
CONTVvoltage( Ta=-55°Cto125°C 9.6 104 v
opencircuit) 2.9 3.3 3.8 2.6 3.3 4
Vce=5V
Ta=-55°Cto125°C 2.9 3.8
Veem15V 1o =10mA 0.1 0.15 0.1 0.25
= , =10m
cemmoL Ta= —55°Cto125°C 0.2
Veem15V 1o =50mA 0.4 0.5 0.4 0.75
= , =50m
cemmoL Ta= —55°Cto125°C 1
2 2.2 2 25
Vce=15V,lo.=100mA
Low-leveloutputvoltage Ta=-55°Cto125°C 2.7 \%
Vce=15V,lo.=200mA 25 25
Vce=5V,loL.=3.5mA Ta=-55°Cto125°C 0.35
Veem5V I 5mA 0.1 0.2 0.1 0.35
cc=5V,loL=5m.
Ta=-55°Cto125°C 0.8
Vce=5V,lo.=8mA 0.15 0.25 0.15 0.4
13 13.3 12.75 13.3
Vce=15V,loy=—100mA
Ta=-55°Cto125°C 12
High-leveloutputvoltage Vce=15V,lon=—200mA 12.5 12.5 \Y
3 3.3 2.75 3.3
Vce=5V,lop=—100mA
Ta=-55°Cto125°C
Vce=15V 10 12 10 15
Outputlow,Noload
Vcce=5V 3 5 6
Supplycurrent mA
. Vce=15V 10 13
Outputhigh,Noload
Vce=5V 4 5

@
I gt

ARSI

resistorsRaa dRB%IR/?éircuitofFigureﬂ.Forexample,whenVCC:SV,the

emaximumyvaluels
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7.5 OperatingCharacteristics
Vcc=5Vto15V,T,=25°C(unlessotherwisenoted)
NAS555
TESTCON SE555 NE555
PARAMETER SN SAB55 UNIT
MIN  TYP MAX| MIN TYP MAX
Initialerroroftimingint Eachtimer,monostable® Ta=25°C 05 1.5% 1 3,
erval® Eachtimer,astable® 15 2.25 ’
Temperaturecoefficientofti | Eachtimer, monostable®® TA=MINtoMAX 30100@) 50 ppm/
minginterval Eachtimer,astable® 90 150 °C
Supply- Eachtimer,monostable®) Ta=25°C 0.05 0.2® 0.1 0.5
o , . %IV
voltalgesensnlwtyoftlm|ng|nt Eachtimer,astable® 0.15 0.3
Output-pulserisetime E:;é?gFT 100200 100 300| ns
Output-pulsefalltime f;;é?gF*T 100200 100 300| ns

(1) ForconditionsshownasMINorMAX,usetheappropriatevaluespecifiedunderrecommendedoperatingconditions.
(2) Timingintervalerrorisdefinedasthedifferencebetweenthemeasuredvalueandtheaveragevalueofarandomsamplefromeachprocessrun.

(3) ValuesspecifiedareforadeviceinamonostablecircuitsimilartoFigure9,withthefollowingcomponentvalues:Ra=2kQto100kQ,C=0.1uF.

(4) OnproductscomplianttoMIL-PRF-38535,thisparameterisnotproductiontested.

(5) ValuesspecifiedareforadeviceinanastablecircuitsimilartoFigure12,withthefollowingcomponentvalues:Ra=1kQto100kQ,C=0.1uF.
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7.6 TypicalCharacteristics
Datafortemperaturesbelow—40°Candabovel105°CareapplicableforSE555circuitsonly.

10 — 10 —
7 Vee=5V 7F  Vee=10v
4 4
>
! 2 ettt > 2 |11
[0) = 1 =
> Ta==55°C —T ]| ) =25° ‘A AT
8 — Ta=25°C  __|
3 1 IR \‘lf T g 1 L \'Fg/
S R R 1 £ i
=a—= 7/ g o7 oatind o
= B 7 e [
3 o4 z 0.4 Ta=125°C
[ =
3 02 125 | S 02 AZ
z // 8 f7
g o1 ! z 01 2z
- o
. 007 S oo07 =
- = 1 >
O 004~ 3 004
> =
0.02 0.02
0.01 0.01
1 2 4 710 20 40 70100 1 2 4 710 20 40 70100
loL—Low-LevelOutputCurrent-mA loL—Low-LevelOutputCurrent-mA
Figure 1.Low-Level OutputVoltage Figure 2. Low-
LevelOutputVoltagevsLow-Level OutputCurrent vsLow-Level OutputCurrent
10 . — 2.0 | W R | >
TF Vce=15v Ta==55°C L
I 1.8 L
==55°C -
> Ta=—55°C < 16 L] L
1 =25°
® > ~ ____//
2 1 14
s 5 [ T1] «
> o7 o A
3 /i g 12 TA=125°C [
£ 04 T b g L —
(@] A=£D =
T o2 | =7 2
g o f Z
3 Ta=125°C 4 . 08
2 01 } L o
o T >
3 oo07 - i, 06
1 > (8}
3 0.04| — > 04
> B=
0.02 0.2
Vee=5Vto15V
0.01 0 [N
1 2 4 710 20 40 70100 1 2 4 7 10 20 40 70100

loL—Low-LevelOutputCurrent=mA

Figure 3.Low-Level OutputVoltage

OutputvsLow-Level OutputCurrent

Figure4. DropBetweenSupply Voltageand

low—High-LevelOutputCurrent=mA

vsHigh-LevelOutputCurrent

Vce=SupplyVoltage-V
Figure5. SupplyCurrent

PulseDurationvsSupply Voltage

Vce=SupplyVoltage-V

Figure6. Normalized Output
(MonostableOperation)
vsSupply Voltage

10 ] 1.015
9 L)utputLow, P4
| NoLoad V7
. L . S 1010
| | 7 I
. Ta=25°C /// 3
< }/ / 2 1005
7 o]
! 6 7. = \ |_—T
— [
3 )7z s —
2 s pZ 2 1 N
=1 — — __Ero N—T
S 4 VA/ ( f 5510 2
g — Ta=125°C k2
s, A/ =125 g 0995
v 2
b 8
=]
2 2 2 0.990
1 § 8
0 0.985
5 6 7 8 9 10 11 12 13 14 15 5 10 15 20
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TypicalCharacteristics(continued)

Datafortemperaturesbelow—40°Candabove105°CareapplicableforSE555circuitsonly.

1.015 i i
Vee=10V

1.010

Q

n

N

L

< 1.005

«

g <

>

3 1

- ~

& 0.995

c

S

©

3 0.990

[

@ 8

>

o
0.985

-75 -50 -25 0 25 50 75
Ta- Free-AirTemperature —°C
Figure7. Normalized Output Pulse
Duration(MonostableOperation)
Vs
Free-AirTemperature

100 125

tro—PropagationDelay Time-ns

1000

] /]
500 Ta=125°C / //
1]
P e ] ///

e M
NI

/,
200 /A / T?OC

Ta=-55°C
o %/ . ‘
0

0  0.050.10.150.20.250.30.350.4
LowestlLevelofTriggerPulse—xVcc

Figure8. Propagation
DelayTimevs
LowestVoltagelLevelof TriggerPulse
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8 DetailedDescription

8.1 Overview

Thexx555timerisapopularandeasytouseforgeneralpurposetimingapplicationsfrom10pustohoursorfrom
<1mHzto100kHz.Inthetime-delayormono-
stablemodeofoperation,thetimedintervaliscontrolledbyasingleexternalresistorandcapacitornetwork.Inthea-
stablemodeofoperation,thefrequencyanddutycyclecanbecontrolledindependentlywithtwoexternalresistorsandasing|
eexternalcapacitor.MaximumoutputsinkanddischargesinkcurrentisgreaterforhighervVCCandlessforlowerVCC.

8.2 FunctionalBlockDiagram

Vce RESET
8 CONT 4
5
6 R1
THRES 3
R 1 ouT
—(

S

® Ti ! DISCH

GND
A. PinnumbersshownarefortheD,JG,P,PS,andPW packages.
B. RESETcanoverrideTRIG,whichcanoverrideTHRES.

8.3 FeatureDescription

8.3.1 Mono-stableOperation

Formono-
stableoperation,anyofthesetimerscanbeconnectedasshowninFigure9.Iftheoutputislow,applicationofanegative-
goingpulsetothetrigger(TRIG)setstheflip-
flop(Qgoeslow),drivestheoutputhigh,andturnsoffQ1.CapacitorCthenischargedthroughRauntilthevoltageacrosstheca
pacitorreachesthethresholdvoltageofthethreshold(THRES)input.IfTRIGhasreturnedtoahighlevel theoutputofthethres
holdcomparatorresetstheflip-flop(Qgoeshigh),drivestheoutputlow,anddischargesCthroughQ1.
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FeatureDescription(continued)

Input

Vee
(5Vto15V)

'
Ra ~ 5 8
CONT

4 Vce
RESET
DISCH

6 ouT

2 THRES
TRIG

T 1L

RL

Output

PinnumbersshownarefortheD,JG,P,PS,andPW packages.

Figure9.CircuitforMonostableOperation

MonostableoperationisinitiatedwhenTRIGvoltagefallsbelowthetriggerthreshold.Onceinitiated,thesequenceendsonlyi
fTRIGishighforatleast10usbeforetheendofthetiminginterval.Whenthetriggerisgrounded,thecomparatorstoragetimeca
nbeaslongas10ps,whichlimitstheminimummonostablepulsewidthto10us.Becauseofthethresholdlevelandsaturationv
oltageofQ1,theoutputpulsedurationisapproximatelyt,,=1.1RAC.FigurellisaplotofthetimeconstantforvariousvaluesofR
aandC.Thethresholdlevelsandchargeratesbotharedirectlyproportionaltothesupplyvoltage,Vcc. Thetimingintervalis, th
erefore,independentofthesupplyvoltage,solongasthesupplyvoltageisconstantduringthetimeinterval.

Applyinganegative-

goingtriggerpulsesimultaneouslytoRESETandTRIGduringthetimingintervaldischargesCandreinitiatesthecycle,comm
encingonthepositiveedgeoftheresetpulse.Theoutputisheldlowaslongastheresetpulseislow. Topreventfalsetriggering,
whenRESETisnotused,itshouldbeconnectedtoVcc.

T T T 10 T
RA=9.1kQ RA=10MQ
CL=0.01pF )
RL=1kQSeeFig 1
ure9 RA=IMQ /
] ] ] [ " 10-1 A
1
InputVoltage g // ///
> g
§ ; 10-2 A . .
> B a
[5\] Q
b @
=2 a
= 5 108 / / /
s £ RA=100kQR
OutputVoltage N AZ10KQ
2 104 / / I
/ f d
/ / J
/ A RRV/ImY .
- 105 / |
, CapacitorVoltage 0.001 0.01 0.1 1 10 100
Time-0.1ms/div C-Capacitance-uF
Figure 10. TypicalMonostable Waveforms Figurell.OutputPulseDurationvsCapacitance
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FeatureDescription(continued)
8.3.2 A-stableOperation

AsshowninFigurel2,addingasecondresistor,Rg,tothecircuitofFigure9andconnectingthetriggerinputtothethresholdinp

utcausesthetimertoself-triggerandrunasamulti-

vibrator. ThecapacitorCchargesthroughRaandRgandthendischargesthroughRgonly. Therefore, thedutycycleiscontroll

edbythevaluesofRaandRg.

ThisastableconnectionresultsincapacitorCcharginganddischargingbetweenthethreshold-voltagelevel(=
0.67%xV¢c)andthetrigger-voltagelevel(=0.33xV¢c).Asinthemono-
stablecircuit,chargeanddischargetimes(and,therefore,thefrequencyanddutycycle)areindependentofthesupplyvoltag

e.
Vee
(5Vto15V)
0.01pF %
Open - ¢
R (seeNoteA)s, | g
A CONT Vee
4 RL
—70 RESET
DISCH 3
Re 6 ouT Output
5 THRES
TRIG
GND
c L

PinnumbersshownarefortheD,JG,P,PS,andPW packages.

NOTEA:DecouplingCONT voltagetogroundwithacapacitorcanimprove

operation.Thisshouldbeevaluatedfor
individualapplications.

Figurel2.CircuitforAstableOperation

Voltage-1V/div

I I
Ra=5k

- Rp=3k
SeeFigurel2
C=0.15]

| [ I I
Ry =1k

OutputVoltage

ANDZaNZaNZa)

VIV I\

CapacitorVoltage

Time-0.5ms/div

Figurel3.TypicalAstableWaveforms

Figurel2showstypicalwaveformsgeneratedduringastableoperation. Theoutputhigh-leveldurationty andlow-

leveldurationt . canbecalculatedasfollows:

ty= 0.693(R+B )CB 1)
Otherusefulrelationshipsareshownbelow:
period= t,+ t,= 0.693(R,+ 2R;)C 3)
frequency~ __ 144
(RA+2RB)C 4)
Outputdriverdutycycle= L1 _—Re
bttt T R+ 2R, ©)
Outputwaveformdutycycle= by _q_ Re
1, R+ 2R, (6)
. .t
Low-to-highratio=_"* _
t, RsRA @)
+R;
SubmitDocumentationFeedback 11
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FeatureDescription(continued)

100k

10k

f-Free-RunningFrequency-Hz

100

T
|—Ra +2Rp =1kQ

T T
/><RA+2RB =100kQ
N, N

1k

O\

/

10

v

Y
X
Y
N
N

N
>

I I
Ra +2Rg =10kQ
N
N
N
N

Rg

RA+2Rp=1MORA+2
|
=10MQ

Y4

0.1
0.001

0.01 0.1 1

C-Capacitance-pF

Figure 14.Free-Running Frequency

8.3.3FrequencyDivider

Byadjustingthelengthofthetimingcycle,thebasiccircuitofFigure9canbemadetooperateasafrequencydivider.Figurel5s
howsadivide-by-threecircuitthatmakesuseofthefactthatre-triggeringcannotoccurduringthetimingcycle.

Voltage-2V/div

T T T ‘
| Vce=5VRaA=
1250QC=0.0
| 2uF
SeeFigure9
InputVoltage
OutputVoltage
] 1 1
7 e e
A /’ /’ Ve
Capacit‘orVo‘Itagt‘e

Time=-0.1ms/div

Figurelb5.Divide-by-ThreeCircuitWaveforms

8.4DeviceFunctionalModes

Tablel.FunctionTable

RESET TRIGGERVOLTAGE® THRESHOLDVOLTAGE® OUTPUT DISCHARGESWITCH
Low Irrelevant Irrelevant Low On
High <1/3 Vce Irrelevant High Off
High >1/3 Ve >2/3 Ve Low On
High >1/3 Ve <2/3 Vce Aspreviouslyestablished

(1) Voltagelevelsshownarenominal.
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9 Applicationsandimplementation

NOTE
Informationinthefollowingapplicationssectionsisnotpartofthe TiIcomponentspecification,andT]
doesnotwarrantitsaccuracyorcompleteness. TI'scustomersareresponsiblefordeterminingsuita
bilityofcomponentsfortheirpurposes.Customersshouldvalidateandtesttheirdesignimplementat
iontoconfirmsystemfunctionality.

9.1 Applicationinformation
Thexx555timerdevicesuseresistorandcapacitorchargingdelaytoprovideaprogrammabletimedelayoroperatingfrequen
cy.Thissectionpresentsasimplifieddiscussionofthedesignprocess.

9.2 TypicalApplications

9.2.1Missing-PulseDetector

ThecircuitshowninFigurel6canbeusedtodetectamissingpulseorabnormallylongspacingbetweenconsecutivepulsesin
atrainofpulses.Thetimingintervalofthemonostablecircuitisre-
triggeredcontinuouslybytheinputpulsetrainaslongasthepulsespacingislessthanthetiminginterval. Alongerpulsespacin
g,missingpulse,orterminatedpulsetrainpermitsthetimingintervaltobecompleted,therebygeneratinganoutputpulseassh
owninFigurel7.

Vce(5Vtol5V)

4 i 8 Ru Ra

Input RESET Ve 3

2 ouT ® Output

TRIG
DISCH |-/ o

° 6

CONT
0.01pF THRES
GND == C
= al =
- A5T3644

PinnumbersshownareshownfortheD,JG,P,PS,andPW packages.

Figurel6.CircuitforMissing-PulseDetector

9.2.1.1 Design Requirements

Inputfault(missingpulses)mustbeinputhigh.Inputstucklowwilinotbedetectedbecausetimingcapacitor'C"willremaindisc
harged.

9.2.1.2 Detailed Design Procedure

ChooseRaandCsothatR xC>[maximumnormalinputhightime]. R improvesVoy,butitisnotrequiredforTTL
compatibility.
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TypicalApplications(continued)
9.2.1.3 ApplicationCurves

V(I;CZS\I/
I~ Ra=1kQ
C=0.1pF
SeeFigurel5

InputVoltage

Voltage-2V/div

OutputVoltage

NN/ AN/
Vvvyy vyd

ICapalcitor\lloltaqe

~N

Time=0.1ms/div
Figurel7.CompletedTimingWaveformsforMissing-PulseDetector

9.2.2Pulse-WidthModulation

Theoperationofthetimercanbemodifiedbymodulatingtheinternalthresholdandtriggervoltages,whichisaccomplishedby
applyinganexternalvoltage(orcurrent)toCONT.Figurel8showsacircuitforpulse-
widthmodulation.Acontinuousinputpulsetraintriggersthemonostablecircuit,andacontrolsignalmodulatesthethresholdv

oltage.Figure19showstheresultingoutputpulse-widthmodulation.Whileasine-
wavemodulationsignalisshown,anywaveshapecouldbeused.

Vce(5Vtol5V)
4 8 R Ra
RESET Vce 3
Clock 2 TRIG ouT . Qutput
Input
7
DISCH
Modulation
Input — CONT 6
(seeNoteA) THRES
GND
- ¢
1 ]

PinnumbersshownarefortheD,JG,P,PS,andPWpackages.
NOTEA:ThemodulatingsignalcanbedirectorcapacitivelycoupledtoCONT
.Fordirectcoupling,theeffectsofmodulationsourcevoltageandi
mpedanceonthebiasofthetimershouldbe considered.

Figure 18.Circuitfor Pulse-WidthModulation
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TypicalApplications(continued)
9.2.2.1 Design Requirements

ClockinputmusthaveVg andVoylevelsthatarelessthanandgreaterthan1/3VCC.Modulationinputcanvaryfromgroundto
VCC.Theapplicationmustbetolerantofanonlineartransferfunction;therelationshipbetweenmodulationinputandpulsewi
dthisnotlinearbecausethecapacitorchargeishasedRConannegativeexponentialcurve.

9.2.2.2 Detailed Design Procedure
ChooseRpaandCsothatRaxC=1/4[clockinputperiod].R improvesVopu,butitisnotrequiredforT TLcompatibility.

9.2.2.3 ApplicationCurves

T T T
RaA=3kQC=
0.02uF

R =1kQSeeFi _|

gurel8

/ \\\
N
ModulationlnputVoltage

ClockInputVoltage

Voltage-2V/div

ol

utputVoltage | —]

| )
CapacitorVoltageTim
1 1 1 1

e-0.5ms/div
Figurel9.Pulse-Width-ModulationWaveforms

9.2.3Pulse-PositionModulation

As showninFigure20,anyofthesetimers can beusedas apulse-
positionmodulator.Thisapplicationmodulatesthethresholdvoltageand,thereby,thetimedelay,of afree-
runningoscillator.Figure21showsatriangular-
wavemodulationsignalforsuchacircuit;however,anywaveshapecouldbeused.
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TypicalApplications(continued)

Vce(5Vto15V)
4 8 RL Ra
RESET Vcc 3
2 out ‘ Output
TRIG
7
DISCH
Modulation
input >_{ cont 6 Re
THRE
(seeNoteA) S
GND
1 == C

PinnumbersshownarefortheD,JG,P,PS,andPW packages.

NOTEA:ThemodulatingsignalcanbedirectorcapacitivelycoupledtoCON
T.Fordirectcoupling,theeffectsofmodulationsourcevoltage
andimpedanceonthebiasofthetimer shouldbeconsidered.

Figure20.Circuitfor Pulse-Position Modulation

9.2.3.1 Design Requirements

BothDCandACcoupledmodulationinputwillchangetheupperandlowervoltagethresholdsforthetimingcapacitor.Bothfre
guencyanddutycyclewillvarywiththemodulationvoltage.

9.2.3.2 Detailed Design Procedure

ThenominaloutputfrequencyanddutycyclecanbedeterminedusingformulasinA-
stableOperationsection.R improvesVoy,butitisnotrequiredforTTLcompatibility.
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TypicalApplications(continued)
9.2.3.3 ApplicationCurves

| | [
RaA=3kQRp=

500Q
RL=1kQSeeFi

/ / \iure ///\\
N N

ModulationlnputVoltage

Voltage-2V/div

A 14 OutputVCiltage / ‘
g Y,

[ I
CapacitorVoltage
| | |

Time=0.1ms/div
Figure21.Pulse-Position-ModulationWaveforms

9.2.4SequentialTimer

Manyapplications,suchascomputers,requiresignalsforinitializingconditionsduringstart-
up.Otherapplications,suchastestequipment,requireactivationoftestsignalsinsequence. Thesetimingcircuitscanbecon
nectedtoprovidesuchsequentialcontrol. Thetimerscanbeusedinvariouscombinationsofastableormonostablecircuitcon
nections,withorwithoutmodulation,forextremelyflexiblewaveformcontrol. Figure22showsasequencercircuitwithpossibl
eapplicationsinmanysystems,andFigure23showstheoutputwaveforms.

4 8 % RA 33kQ 4 8 Rg33kQ 4 8 Re
3

RESET V RESET V RESET Vcc
c |( 2 Bur ouT

o——TRIG out b —{TRIG j% 0{5)011'—2 TRIG ]
° 5 DISCH o ] DISCH nF DISCH
CONT rRes F CONT  rres|S N ThRes|®
GND GND GN
— —

e

D
T +
0.01 0.01 = 0.01 = c
IJ-F 1 Ca l ]J.F l ~ l CB l F'-F l C
Ca=10pFR L Cc=14.7uF
= OutputA - OutputB Rc=100kQ OutputC
A=100kQ p Cg=4.7uFR p p
B=100kQ
PinnumbersshownarefortheD,JG,P,PS,andPW packages.NOTE
A:Sclosesmomentarilyatt=0.
Figure22.SequentialTimerCircuit
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TypicalApplications(continued)
9.2.4.1 Design Requirements

Thesequentialtimerapplicationchainstogethermultiplemono-stabletimers.Thejoiningcomponentsarethe33-
kQresistorsand0.001-pFcapacitors. TheoutputhightolowedgepassesalO-usstartpulsetothenextmonostable.

9.2.4.2 Detailed Design Procedure

Thetimingresistorsandcapacitorscanbechosenusingthisformula.t,=1.1xRxC.

9.2.4.3 ApplicationCurves

N N
SeeFigure22

[
outputa WA t A:l.ll‘QACA
—& <+ t,B

|
i -
5) OutputB twB=1.1RgCp
)
[@2]
8
=)
>

OutputC 4 t,C ¥ twC=1.1RcCc

[+— t=0
t-Time-1s/div

Figure 23. Sequential TimerWaveforms

10PowerSupplyRecommendations

Thedevicesaredesignedtooperatefromaninputvoltagesupplyrangebetween4.5Vand16V.(18VforSE555).Abypasscap
acitorishighlyrecommendedfromVCCtogroundpin;ceramic0. 1lpFcapacitorissufficient.
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11 Device andDocumentation Support

11.1 RelatedLinks

Thetablebelowlistsquickaccesslinks.Categoriesincludetechnicaldocuments, support
andcommunityresources,toolsandsoftware,andquickaccesstosampleorbuy.

Table2.RelatedLinks

PARTS PRODUCTFOLDER | SAMPLE&BUY S oA S COMTUNIT
NA555 Clickhere Clickhere Clickhere Clickhere Clickhere
NE555 Clickhere Clickhere Clickhere Clickhere Clickhere
SA555 Clickhere Clickhere Clickhere Clickhere Clickhere
SE555 Clickhere Clickhere Clickhere Clickhere Clickhere

11.2 Trademarks
Alltrademarksarethepropertyoftheirrespectiveowners.

11.3 ElectrostaticDischargeCaution

ThisintegratedcircuitcanbedamagedbyESD. TexasInstrumentsrecommendsthatallintegratedcircuitsbehandledwithappropriateprecautio
ns.Failuretoobserveproperhandlingandinstallationprocedurescancausedamage.

‘m ESDdamagecanrangefromsubtleperformancedegradationtocompletedevicefailure.Precisionintegratedcircuitsmaybemoresusceptibleto
damagebecauseverysmallparametricchangescouldcausethedevicenottomeetitspublishedspecifications.

11.4 Glossary
SLYZ022—TIGlossary.
Thisglossarylistsandexplainsterms,acronymsanddefinitions.

12 Mechanical,Packaging,andOrderable Information

Thefollowingpagesincludemechanicalpackagingandorderableinformation. Thisinformationisthemostcurrentdataavail
ableforthedesignateddevices.Thisdataissubjecttochangewithoutnoticeandrevisionofthisdocument.Forbrowserbased
versionsofthisdatasheet,refertothelefthandnavigation.

Copyright©1973-2014, TexasInstrumentsincorporated SubmitDocumentationFeedback19
ProductFolderLinks:NA555NE555SA555SES55
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
e Drawing Qty ®) (6) ®3) (415)
JM38510/10901BPA ACTIVE CDIP JG 1 TBD A42 N/ A for Pkg Type -55 to 125 JM38510
/10901BPA Lo
M38510/10901BPA ACTIVE CDIP JG 1 TBD A42 N/ A for Pkg Type -55 to 125 JM38510 R
/10901BPA Lo
NAS55D ACTIVE SolIC D 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 105 NA555 camnles
& no Sh/Br) P
NA555DG4 ACTIVE SoIC D 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 105 NA555 camnles
& no Sh/Br) ple
NAS555DR ACTIVE SoIC D 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 105 NA555 Samples
& no Sh/Br) P
NA555DRG4 ACTIVE SoIC D 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 105 NA555
& no Sb/Br) LE
NA555P ACTIVE PDIP P 50 Pb-Free CU NIPDAU | CU SN N/ A for Pkg Type -40 to 105 NAS555P o
(ROHS) L
NAS555PE4 ACTIVE PDIP P 50 Pb-Free CU NIPDAU N/ A for Pkg Type -40 to 105 NAS55P o
(RoHS) P
NE555D ACTIVE SoIC D 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 NES555
& no Sb/Br) LE
NES55DE4 ACTIVE SoIC D 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 NES555 BT
& no Sb/Br) L
NE555DG4 ACTIVE SOIC D 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 NE555 BT
& no Sh/Br) 3
NES55DR ACTIVE SOIC D 2500 Green (RoHS CU NIPDAU | CU SN Level-1-260C-UNLIM 0to 70 NE555 o
& no Sh/Br) L
NES555DRE4 ACTIVE SOIC D 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 NE555 R
& no Sh/Br) L
NES555DRG3 PREVIEW SoIC D 2500 Green (RoHS CU SN Level-1-260C-UNLIM Oto 70 NE555
& no Sh/Br)
NES555DRG4 ACTIVE SoIC D 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Oto 70 NE555 Samples
& no Sb/Br) -
NES555P ACTIVE PDIP P 50 Pb-Free CU NIPDAU | CU SN N/ A for Pkg Type 0to 70 NES555P Samples
(ROHS) -
NES55PE3 PREVIEW PDIP P 50 TBD Call Tl Call Tl 0to 70 NES555P

Addendum-Page 1
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
&) Drawing Qty @ ®) @ @)
NE555PE4 ACTIVE PDIP P 8 50 Pb-Free CU NIPDAU N/ A for Pkg Type 0to 70 NE555P
(ROHS) Sample
NE555PSLE ( SO PS 8 TBD call Tl call Tl 0to 70
NES555PSR ACTIVE SO PS 8 2000  Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 N555 Sarmples
& no SbiBr) Pe
NE555PSRE4 ACTIVE SO PS 8 2000  Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 N555 Samples
& no Sb/Br) s
NE555PSRG4 ACTIVE SO PS 8 2000  Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 N555
& no Sh/Br) sampla
NE555PW ACTIVE TSSOP PW 8 150  Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 N555 Samples
& no Sh/Br) “AmpE
NE555PWE4 ACTIVE TSSOP PW 8 150  Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 N555 Samples
& no Sh/Br) “AmpE
NE555PW G4 ACTIVE TSSOP PW 8 150  Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 N555 Samplas
& no Sh/Br) “AmpE
NE555PWR ACTIVE TSSOP PW 8 2000  Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 N555 Samples
& no Sh/Br) ~2mp e
NE555PWRE4 ACTIVE TSSOP PW 8 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 N555
& no Sh/Br) Samp e
NE555PWRG4 ACTIVE TSSOP PW 8 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 N555 Samples
& no Sh/Br) Pe
NE555Y ( 0 TBD call Tl call Tl 0to 70
SA555D ACTIVE soIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 SA555 P
& no Sh/Br) =
SA555DE4 ACTIVE solIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 SA555 P
& no Sh/Br) =
SA555DG4 ACTIVE soIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 SA555 P—
& no Sh/Br) =
SA555DR ACTIVE solIC D 8 2500 Green (ROHS CUNIPDAU |CUSN  Level-1-260C-UNLIM -40 to 85 SA555 —
& no Sh/Br)
SA555DRE4 ACTIVE solIC D 8 2500  Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 SA555
& no Sh/Br) =
SA555DRG4 ACTIVE solIC D 8 2500  Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40to 85 SA555 ——
& no Sh/Br) =
SA555P ACTIVE PDIP P 8 50 Pb-Free CU NIPDAU N/ A for Pkg Type -40to 85 SA555P ——
(ROHS) =

Addendum-Page 2
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ ®) ® (415)
SA555PE4 ACTIVE PDIP P 8 50 Pb-Free CU NIPDAU N/ A for Pkg Type -40 to 85 SA555P
Samples
(RoHS)
SE555D ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -55 to 125 SE555 -
Samples
& no Sh/Br)
SE555DG4 ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -55 to 125 SE555 -
Samples
& no Sh/Br)
SE555DR ACTIVE SoIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -55 to 125 SE555
Samples
& no Sh/Br)
SE555DRG4 ACTIVE SoIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -55 to 125 SE555 -
Samples
& no Sh/Br)
SE555FKB ACTIVE LCCC FK 20 1 TBD POST-PLATE N/ A for Pkg Type -55 to 125 SE555FKB Samples
o
SE555JG ACTIVE CDIP JG 8 1 TBD A42 N/ A for Pkg Type -55to 125 SE555JG =
Samples
SE555JGB ACTIVE CDIP JG 8 1 TBD A42 N/ A for Pkg Type -55to 125 SE555JGB Samples
SE555N ( PDIP N TBD Call Tl Call Tl -55to 125
SE555P ACTIVE PDIP P 50 Pb-Free CU NIPDAU N/ A for Pkg Type -55to 125 SES555P Samples
(RoOHS) =

DOThe marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.
LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but T| does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

(Z)EcoPIan—ThepIannedeco—friendlyclassification:Pb—Free(RoH S),Pb-Free(RoHSExempt),orGreen(RoHS&noSh/Br)-pleasecheckhttp://www.ti.com/productcontentforthelatestavailability information
and additional product content details.
TBD:The Pb-Free/Green conversion plan has not been defined.
Pb-Free(RoHS): TI'sterms"Lead-Free"or"Pb-Free"meansemiconductorproductsthatarecompatiblewiththecurrentRoHSrequirementsforallésubstances,includingtherequirementthat lead not exceed

0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free(RoHSExempt): ThiscomponenthasaRoHSexemptionforeitherl)lead-basedflip-chipsolderbumpsusedbetweenthedieandpackage,or2)lead-baseddieadhesiveusedbetween the die and

leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.
Green(RoHS&noSb/Br): Tldefines"Green"tomeanPb-Free(RoHScompatible),andfreeofBromine(Br) andAntimony(Sb)basedflameretardants(BrorSbdonotexceed0.1%byweight in homogeneous

material)

(3)MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

Addendum-Page 3
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®There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

(S)MuItipIeDeviceMarkingswiIIbeinsideparentheses.OnIyoneDeviceMarkingcontainedinparenthesesandseparatedbya"~"wiIlappearonadevice.Ifalineisindentedthenitisacontinuation of the previous
line and the two combined represent the entire Device Marking for that device.

(B)Lead/BaIIFinish-OrderabIeDevicesmayhavemultiplematerialfinishoptions.Finishoptionsareseparatedbyaverticalruledline.Lead/BaIIFinishvaluesmaywraptotwolinesifthefinish value exceeds the
maximum column width.

ImportantinformationandDisclaimer: TheinformationprovidedonthispagerepresentsTI'sknowledgeandbeliefasofthedatethatitisprovided. TIbasesitsknowledgeandbeliefoninformation
providedbythirdparties,andmakesnorepresentationorwarrantyastotheaccuracyofsuchinformation.Effortsareunderwaytobetterintegrate informationfromthirdparties. TIhastakenand
continuestotakereasonablestepstoproviderepresentativeandaccurateinformationbutmaynothaveconducteddestructivetestingorchemical analysisonincomingmaterialsandchemicals. TI and TI
suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

OTHER QUALIFIED VERSIONS OF SE555, SE555M :
eCatalog: SE555

eMilitary: SE555M

eSpace: SE555-SP, SE555-SP

NOTE: Qualified Version Definitions:

eCatalog - TI's standard catalog product
eMilitary - QML certified for Military and Defense Applications

eSpace - Radiation tolerant, ceramic packaging and qualified for use in Space-based application

Addendum-Page 4
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |<— KO |<—P1—>
e Rt g R
© ol{ Bo W
Reel ; i
Diameter
Cavity »l A0 ‘+
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
_f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
0O O O OO0 0O OO 07—— Sprocket Holes
| |
T T
Q1 : Q2 Q1 : Q2
A-—1-—4 t-—7-—1- ﬁ
Q3 1 Q4 Q3 1 Q4 User Direction of Feed
| w 4 |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package | Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) | (mm) | (mm) [Quadrant
(mm) |W1(mm)
NA555DR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
NA555DR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
NE555DR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
NE555DR SOIC D 8 2500 330.0 12.8 6.4 5.2 2.1 8.0 12.0 Q1
NE555DR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
NE555DRG4 SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
NE555DRG4 SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
NE555PSR SO PS 8 2000 330.0 16.4 8.2 6.6 2.5 12.0 | 16.0 Q1
NE555PWR TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
SA555DR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
SA555DRG4 SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
SE555DR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
SES555DRG4 SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS
I oo
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
NA555DR SoIC D 8 2500 340.5 338.1 20.6
NA555DR SoIC D 8 2500 367.0 367.0 35.0
NES55DR SoIC D 8 2500 367.0 367.0 35.0
NE555DR SoIC D 8 2500 364.0 364.0 27.0
NE555DR SoIC D 8 2500 340.5 338.1 20.6
NE555DRG4 SoIC D 8 2500 367.0 367.0 35.0
NE555DRG4 SoIC D 8 2500 340.5 338.1 20.6
NES55PSR SO PS 8 2000 367.0 367.0 38.0
NES555PWR TSSOP PW 8 2000 367.0 367.0 35.0
SA555DR SoIC D 8 2500 340.5 338.1 20.6
SA555DRG4 SoIC D 8 2500 340.5 338.1 20.6
SE555DR SoIC D 8 2500 367.0 367.0 35.0
SE555DRG4 SoIC D 8 2500 367.0 367.0 35.0

Pack Materials-Page 2
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MECHANICALDATA

MCER001A-JANUARY1995-REVISEDJANUARY1997

JG(R-GDIP-T8) CERAMICDUAL-IN-LINE
0.400(10,16)
' 0.355(9,00) —
8 5
— .
) 0.280(7.11)
0.245(6,22)
N
1 4
0.065(1.65)
0.045(1,14)
0.063(1,60) _ 0.310(7.87)
0.015(0,38) - ¢ 002000 BMIN 0.290(7,37) ¢
*

0.200(5,08)MAX
v ¢

SeatingPlane

T 0.130(3,30)MIN

[ﬁf
AJ 0.023(0 58) \‘/ 0°15°
0.015(0,38) —»
| 0.100(2,54) | 0.014(0,36)

0.008(0,20)

4040107/C08/96

NOTES: A. Alllineardimensionsareininches(millimeters).
Thisdrawingissubjecttochangewithoutnotice.
Thispackagecanbehermeticallysealedwithaceramiclidusingglassfrit.
Indexpointisprovidedoncapforterminalidentification.
FallswithinMILSTD1835GDIP1-T8

moOooOw

b TEXAS

INSTRUMENTS

POSTOFFICE BOX 655303 ® DALLAS, TEXAS75265
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MECHANICALDATA

FK (S—CQCC—N**) LEADLESS CERAMIC CHIP CARRIER

TERMINAL SHOWN

B 17 16 15 14 13 12

- - NO. OF A B
TERMINALS
o ~ ot MIN T W MIN T W
19 1
R 20 U524 U. 2008 U.2U U.0908
zoﬁ gwo (8,69) | (3,09) | (7,80) | (5,09)
U.44 U400 U. 406 U450
21 ga 28
5 < (11,23) | (11,63) | (10,31) | (11,63)
22 8 " 0640 T 0660 [ 0.495 [ 0560
A SQ . : (16,26 |(16,76) | (12,58) |(14,22)
E 59 U. 74U U761 U.432 U.otU
24R c (18,78) [ (19,32) | (12,58) | (14,22)
75 AS U.Jo¢8 U.Jt U.85U U.8908
E 8 112383y |(24.43)| (21.6) | (21.,8)
— — — — 84 T4 L TED U4 [INSEN)
26 27 28 1 2 3 4 (28,99)((29,59) | (26,6) | (27,0)
. 0.080 (2,03)
" 0.064 (1,63)
X 0020 (0,51) &
0.010 (0,25)
0045 (1,14)
0.035 (0,89)
U L
y
0.028 ( 4 # L_»l__ ‘ | 0,045 (1,14)
0.027 (0.54) 0.050 (1.27)] = 753570.89)

4040140/D 01/11

(millimeters).
NOTES: A All linipariglnien siom fcara oncdies without notice.
This package can be hermetically sealed with a metal lid.
D. Falls within JEDEC MS-004
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MECHANICAL DATA

P (R—PDIP—T8) PLASTIC DUAL—=IN—=LINE PACKAGE
< >
M o™ N
’ A4
N =N
> )
> 0.020 (0,51) MIN %
/ \ A m5 (0,38)
0.200 (5, MAX Tcauge Plane
¥ Seating Plane
t 0.125 (3,18) MIN (0,25) NOM
A
< » . 0450 (10,92)
MAX

0.010

4040082/E 04/2010

NOTES: A Al linear dimensions are in inches (millimeters).
This drawing is subject to change without notice.

Falls within JEDEC MS-001 variation BA.

BEms

www.tl.com
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MECHANICAL DATA

D (R—PDSO—G8) PLASTIC SMALL OUTLINE
4 & >
8 5
AHHH
\ 7 A
o HHHT :

)T
?7

0.020 (0,51)
0.012 (0,31)

[-9-]0.010 (0,25) D]

—
|
N

[ \

v
0.010 (0,2

5)
L 0.069 (1,75) Max 0.004 (0.10)

B . 2
: \ D A Seating Plane
S
0.050 (1,27)
>
0.016 (0,40)
4040047-3/M 06 /11
NOTES: A. All linear dimensions are in inches (millimeters).
* B. This drawing is subject to change without notice.
A orgateburrs.  Mold flash, protrusions, orgateburrsshall
<3 Texas
INSTRUMENTS
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LANDPATTERNDATA

PLASTIC SMALL OUTLINE

D (R—PDSO-G8)
E le Board Layout Stencil Openings
o ?No(t):rc) o (Note D
—=1 ~—08x0,55
—— 6x1,27
] ! | [=6x1,27
] 1
B 8X’|{5O EREmE 1
5,40 5,40
o N
M
|~ -
|
]
!
i Example
i Non Soldermask Defined Pad E
xample
Pad Geometry
(See Note C)
[
' : Exampl
! * / Solc(jgré eh)ll(grsT(p gpening
\ o007 | Note E)
\ Al Around  /
\. /
. S
\\\\ ////
4211283-2/E 08/12

A
NOTES: g All linear dimensions are in millimeters.
C. This drawing is subject to change without notice.
p. Publication IPC=7351 is recommended for alternate designs.
Laser cutting apertures with trapezoidal walls and also rounding corners will offer better poste release. Customers should
g, contact their boord assembly site for stencil design recommendotions. Refer to IPC-7525 for other stencil recommendations.
Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

<3 Texas
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MECHANICAL DATA
PS (R-PDS0-G8) PLASTIC SMALL-OUTLINE PACKAGE

[1.27]
— oot ®
»‘ o35 [210.25
8

o

0,15 NOM
560 820
500 7,40 l
{ I
O l =
H H H H Gage Plane _L
A
1 * E 0,25
S0 0,95
5,90 025
_ais
I 0,05
’ | Y \
VUL seotngrme 40 1) A
A
L 2,00 MAX =010

4040063/C 03/03

NOTES: A Al lineor dimensions ore in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, nottoexceed0,15.

{? TeExXAS
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LAND PATTERN DATA

PS (R-PDSO—-G8)

PLASTIC SMALL OUTLINE

Stencil Openings

Example Board Layout
amp (NOts S ay (Note D)
rr — |-=— 3x(0,55
—— - | [5 X
’ »‘ ~— 0x1,27/
L] ¢ ‘ :
o LU U

IR

———

PR
ST

/ Example

1 Non Soldermask Defined Pad
Example

Pad Geometry

(See Note C)

Example
Non—Solder Mask Opening
(See Note E)

|07 /
All Around /
AN .
. /
. s
~ P
4212188/A  03/11
A.
NOTES: . All linear dimensions are in millimeters.
¢. This drawing is subject to change without notice.
p. Publication IPC-7351 is recommended for alternate designs.
Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
g, contact their board ossembly site for stencil design recommendations. Refer to IPC-7525 for other stencil recommendations.
Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

g
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MECHANICAL DATA

PW (R—PDS0O-G8) PLASTIC SMALL OUTLINE

0,30
fﬂrom
HHHH—T o
N
0,15 NOM //
450 6,60 /
430 620 .
i Coge Plane L \ /

iy

2 /
o 075
’ 0,50
& / / \ \
v v Seating Plane # J_\ /—L
n A

3 | ~—
1,20 MAX 05 [Afo,0

4040064-2/G  02/1

NOTES: g All linear dimensions are in millimeters. Dimensioning and tolerancing perASMEY14.5M—1934.
This drawing is subject to change without notice. or gate burrs. Mold flash, protrusions, or gate burrs shall
Body length does not include mold flash, protrusions,
not exceed 0,15 each side.

Body width does not include interlead

E. Fdllswithin - JEDECMO-153

flash. Interlead flash shall not exceed 0,25 each side.
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IMPORTANT NOTICE

Texaslnstrumentsincorporatedanditssubsidiaries(TI)reservetherighttomakecorrections,enhancements,improvementsandotherchangestoitsse
miconductorproductsandservicesperJESD46,latestissue,andtodiscontinueanyproductorserviceperJESD48, latestissue.Buyersshouldobtainthe
latestrelevantinformationbeforeplacingordersandshouldverifythatsuchinformationiscurrentandcomplete.Allsemiconductorproducts(alsoreferre
dtohereinas“components”)aresoldsubjecttoT I'stermsandconditionsofsalesuppliedatthetimeoforderacknowledgment.

Tlwarrantsperformanceofitscomponentstothespecificationsapplicableatthetimeofsale,inaccordancewiththewarrantyinTI’stermsandconditions
ofsaleofsemiconductorproducts.TestingandotherqualitycontroltechniquesareusedtotheextentTIdeemsnecessarytosupportthiswarranty.Excep
twheremandatedbyapplicablelaw,testingofallparametersofeachcomponentisnotnecessarilyperformed.

TlassumesnoliabilityforapplicationsassistanceorthedesignofBuyers’products.Buyersareresponsiblefortheirproductsandapplicationsusi
ngTIcomponents.TominimizetherisksassociatedwithBuyers’productsandapplications,Buyersshouldprovideadequatedesignandoperati
ngsafeguards.

Tldoesnotwarrantorrepresentthatanylicense,eitherexpressorimplied,isgrantedunderanypatentright,copyright,maskworkright, orotherintellectualp
ropertyrightrelatingtoanycombination,machine,orprocessinwhichTlcomponentsorservicesareused.InformationpublishedbyTIregardingthird-
partyproductsorservicesdoesnotconstitutealicensetousesuchproductsorservicesorawarrantyorendorsementthereof.Useofsuchinformationmayr
equirealicensefromathirdpartyunderthepatentsorotherintellectualpropertyofthethirdparty,oralicensefromTlunderthepatentsorotherintellectualpro
pertyofTl.

Reproductionofsignificantportionsof TlinformationinTIdatabooksordatasheetsispermissibleonlyifreproductioniswithoutalterationandisaccompan
iedbyallassociatedwarranties,conditions,limitations,andnotices. T lisnotresponsibleorliableforsuchaltereddocumentation.Informationofthirdparti
esmaybesubjecttoadditionalrestrictions.

ResaleofTIcomponentsorserviceswithstatementsdifferentfromorbeyondtheparametersstatedbyT Iforthatcomponentorservicevoidsallexpressa
ndanyimpliedwarrantiesfortheassociatedTIcomponentorserviceandisanunfairanddeceptivebusinesspractice.Tlisnotresponsibleorliableforany
suchstatements.

Buyeracknowledgesandagreesthatitissolelyresponsibleforcompliancewithalllegal,regulatoryandsafety-
relatedrequirementsconcerningitsproducts,andanyuseofTIcomponentsinitsapplications,notwithstandinganyapplications -
relatedinformationorsupportthatmaybeprovidedbyTI.Buyerrepresentsandagreesthatithasallthenecessaryexpertisetocreateandimplementsafeg
uardswhichanticipatedangerousconsequencesoffailures,monitorfailuresandtheirconsequences, lessenthelikelihoodoffailuresthatmightcauseh
armandtakeappropriateremedialactions.BuyerwillfullyindemnifyTlanditsrepresentativesagainstanydamagesarisingoutoftheuseofanyTlcompon
entsinsafety-criticalapplications.

Insomecases, TlIcomponentsmaybepromotedspecificallytofacilitatesafety-
relatedapplications.Withsuchcomponents, TI'sgoalistohelpenablecustomerstodesignandcreatetheirownend-
productsolutionsthatmeetapplicablefunctionalsafetystandardsandrequirements.Nonetheless,suchcomponentsaresubjecttotheseterms.

NoTlcomponentsareauthorizedforuseinFDAClIassllI(orsimilarlife-
criticalmedicalequipment)unlessauthorizedofficersofthepartieshaveexecutedaspecialagreementspecificallygoverningsuchuse.

OnlythoseTIlcomponentswhichTlhasspecificallydesignatedasmilitarygradeor‘enhancedplastic”’aredesignedandintendedforuseinmilitary/aerosp
aceapplicationsorenvironments.BuyeracknowledgesandagreesthatanymilitaryoraerospaceuseofTlcomponentswhichhavenotbeensodesignat
edissolelyattheBuyer'srisk,andthatBuyerissolelyresponsibleforcompliancewithalllegalandregulatoryrequirementsinconnectionwithsuchuse.

TlhasspecificallydesignatedcertaincomponentsasmeetinglSO/T S16949requirements, mainlyforautomotiveuse.Inanycaseofuseofnon-
designatedproducts, TlwillnotberesponsibleforanyfailuretomeetISO/TS16949.

Products Applications

Audio www.ti.com/audio AutomotiveandTransportation www.ti.com/automotive

Amplifiers amplifier.ti.com CommunicationsandTelecom www.ti.com/communications
DataConverters dataconverter.ti.com ComputersandPeripherals www.ti.com/computers
DLP®Products www.dIp.com ConsumerElectronics www.ti.com/consumer-apps

DSP dsp.ti.com EnergyandLighting www.ti.com/energy
ClocksandTimers www.ti.com/clocks Industrial www.ti.com/industrial

Interface interface.ti.com Medical www.ti.com/medical

Logic logic.ti.com Security www.ti.com/security

PowerMgmt power.ti.com Space,AvionicsandDefense www.ti.com/space-avionics-defense

Microcontrollers

RFID
OMAPApplicationsProcessors
WirelessConnectivity

microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

VideoandImaging

TIE2ZECommunity

www.ti.com/wirelessconnectivity

www.ti.com/video

e2e.ti.com
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ght©2014,TexasInstrumentsincorporated
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CONCLUSION

Thefollowingobservationscanbedrawnfromthedetailedstudyo
nPCB,ThePrintedCircuitBoard(PCB)isveryimportantinallelectr
onicgadgets,whichareusedeitherfordomesticuse,orforindustri
alpurpose.PCBdesignservicesareusedtodesigntheelectroniccir
cuits.Apartfromelectricallyconnecting,italsogivesmechanical
supporttotheelectricalcomponents.Thus,aneffectivePCBdesig
ncanhelpinreducingthepossibilities
oferrorsandthechancesofshortcircuit.Therefore,learning
todesigncircuitinaPCBhasgreatchancestoexploreinthefieldofel
ectronics.

Thiseight-
weektrainingprogramonPCBdesignatINTERNSHALATRAINING
hasbeenoneofthemostinteresting,productiveandinstructivee
xperienceinmylife.Throughthistraining,lhave
gainednewinsightandmorecomprehensiveunderstandingabo
utthereal industrialworkingconditionand
practice.ltalsoimprovedmysoftandfunctionalskills.

Allthese valuable experiences and
knowledgeisthatwehavegainedwerenotonlyacquiredthrough
thedirectinvolvementintaskbutalsothroughtheotheraspectoft
rainingsuchasworkobservation,interactionwithmentors,ando
thersrelatedtothelaboratory.

Herelamconcluding,thistrainingprogramhassatisfiedmyprimar
yobjectives,andasaresultlammoreconfidentpracticallyandthe
oreticallyonmyrespectivesubjects,whichinfuturewillbecameh
elpfultobuildmycareer.
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