MMWHUCTEPCTBO OBPA3OBAHUA, HAYKN U MOJIOAEXXHOMU NOJIMTUKUN
KPACHOAQAPCKOIO KPASA
roCcyaAPCTBEHHOE BIOAXXETHOE NPO®ECCUNOHAJIbHOE OBPA3OBATEJIbHOE
YYPEXAEHWUE
KPACHOAAPCKOIO KPAS
AANOINIEKTPOHHOI'O NPUBOPOCTPOEHUSA

Product specification

Philips Semiconductors

TrenchMOS™ transistor
Standard level FET
QUICK REFERENCE DATA prody T_
PARAMETER By "lhn-h'nuhli ‘v\uﬁ“‘
! g '—'r' L4 0 I w!
Z ] > “ ‘I h\

GENERAL DESCRIPTION
e

enhancament mode SYMBOL

DOrain-source

N-channel
standard jevel fieid-effect power
transistor in a plastic envelope using voltag
The device Drain cumrent (DC)
Teotal power dissipation

trench® technology.
features very low on-state resistance
and has integral zener diodes giving Junction temperature
Drain-source on-state
resistance Voe= 10V

ESD protection up to 2kV. It Is
in DC-DC

intended for use
converters and general purpose


https://en.wikipedia.org/wiki/File:Testpad.JPG
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MUHHUCTEPCTBO OBPA30OBAHMSA, HAYKHA U1 MOJIOJIEKHOM OJIMTUKH
KPACHOJAPCKOTI'O KPASA

IroCYAAPCTBEHHOE BIO/IZKETHOE [TPO®ECCUOHAJIBHOE OBPA30OBATEJIBHOE
YYPEXJIEHHUE
KPACHOJAPCKOI'O KPASA

«HOBOPOCCHICKHUH KOJUIEJK PAJJAUOSJIEKTPOHHOI'O TIPUBOPOCTPOEHUS»

PHPSINOIT

Manufacturer Part Nomdar
. Ll ps Desonptar TranchMOS transistor Stan
. Manid actin
{ W I data

Philips Semiconductars

Se==—

YYEBHOE IOCOBHE

na remy «OT JlaTamura 10 TexHonorun MonTtaxka. COOpHUK TEKCTOB
Y HAYYHBIX CTATEN»

1o yueOHoM gucHuiinie « AHOCTpaHHBIH A3BIK»
(aHrIUHCKU)

g crienanpaoctu 11.02.02
TexHu4yeckoe 00CIyKMBaHHUE U PEMOHT PaOdJIEKTPOHHOMN
TEXHUKU

2 Kypc
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COT'JIACOBAHO

Ha 3acenannu Cosera no METOAMYECKUM
sonpocam or 7 % o6 2021 r.
nporokon Ne 4

[Tpeacenarens CoBera 10 METOAHYECKUM

BOTIPOCAM
A~ E.B. Kyxkwiepa

Onobpeno Ha 3acenannn YMO
GOHI0NOrHYECKHX AUCLIHTUTHH

ot 03 mapra 2021 1.

npotokon Ne 7

[Mpeacenaress YMO E. H. Txanuna

Opranuzanusi — pa3paboOTUUK: TOCyJapCTBEHHOE OIO/KETHOE MpodeccHoHanbHOe 00pa3oBaTeIbHOE
yupexnenue  KpacHomapckoro  kpas  «Hoopoccuiickuit
npudopoctpoenus» (I'BIIOY KK HKPII)

Pa3paboruuk:

YTBEPXJIAIO

3am. aupekropa no YP
T.B. Tpycosa
[z 2021 r.

KOJIIICIK PaaroO3JICKTPOHHOTO

IMpenonasatens FBITIOY KK HKPII lfﬂéamcc/ M.A. Mapaps

Penen3zeHnTnI:
[Tapdbenosa E. B.,

Tkanuna E. H.,

openonasarens [AIIOY KK HKCH

(®.1.0) (mOMKHOCTH, MECTO PabOTHI)
d)I/IJ'IOJ'IOF, IpernoaaBaTeib I10 IIPEAMETY

«MHOCTpaHHBINA A3BIKY (AHIIUNCKUN)

(xBanuuKaIys 1Mo TUIIOMY )

MPENOIaBaTellb BEICIIEN KBATH(MUKAIMOHHON KATETOPUH

(©.1.0.) I'bIIOY KK HKPII

(TOIKHOCTB, MecTO PabOTHI)
JJUHI'BUCT, IPECOAABATCJIb AHT. JIMICKOrO SI3bIKA

(xBayMdUKaKs O TUILIOMY)
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Penensus
Ha y4yeOHOe nocodue 1Mo HHOCTPAHHOMY f3BIKY (AHTJIMICKUIT)
«Ot Jaramura 10 Texnosmornu MonTaxa. COOpHUK TEKCTOB U HAYYHBIX cTaTeil»
npenoaasaressa Mapaps MapuHbl AJleKCAHAPOBHbI
I'BIIOY KK HKPII

VYuebnoe mocobue «Ot Jlarammra q0 Texunomorun MonTtaxxa. COOpHHUK TEKCTOB M HAYYHBIX CTaTEH»
nperonaBatenss M.A. Mapapp paccuMTaHO It CTYACHTOB 2 Kypca crenuanbHoctd 11.02.02
«Texnuueckoe o0CIyKMBaHUE U PEMOHT PaIUO03JIEKTPOHHOM TexHUKn». KonnuecTBo crpanui — 79.

ABTOp akIEHTHUpYeT BHHMaHHE Ha TOM, YTO Y4YeOHOe TMOCOOME HampaBICHO Ha pa3BHUTHE
WHAVNBUAYATbHONH TpaekTOpuu oOpa3oBaHUs Kaxkaoro oOyudatomierocsi. I[locobue akkymynupyer
Ba)XXHBIE TPOIECCHl PAJMOAICKTPOHUKH, HAauyWHAs CO CXEMbI OMHMCaHUS MpuOopa — Jaralmra — |
3aKaH4YMBasl TEXHOJIOTHEH pa0OThl ATOr0 mMpubOpa 1Mo y4eOHOW TUCIUIUIMHE «MHOCTPAHHBIN SI3BIK
(aHTIHIACKUIT )».

AKTyanbHOCTh W TIEATOTHYECKas IeNIeCO00pPa3HOCTh AHHOTO Y4YeOHOTO TOCOOMS 3aKiIIoYaeTcs B
Pa3BUTHUU YMEHHM W HABBIKOB y OOydaromuxcsi mo gucruruinHe « MHocTpaHHBIA s3bIK». B cructeme
oOpa3oBaHMsl JJaHHOE yuyeOHOe mocoOue CBA3aHO C APYrMMH AUcUMIUIMHAmMH, nzydaembiMu B CIIO:
WHXXeHepHas rpaduka, 3JIeKTPOTEXHUKA, METPOJIOTHUSl, CTaHAAPTHU3alNA U cepTU(UKALINS, YIEKTPOHHAS
TEXHUKA, MaTepuaioBeCHHE, 3JIEKTPOpaIuOMaTEPUAIIBI u PaaINOKOMITIOHEHTHI,
3JIEKTPOPATUOU3MEPEHUS.

OcHoBHas uies pa3pad0TaHHOTO YIEOHOTO MOCOOUS 3aKITFOUASTCS B IPUBUTUHU 00YJAFOIIIUMCST HABBIKOB
npoecCuu  MOCPEACTBOM HWHOCTPAHHOTO  53bIKA, YTO TMO3BOJIUT CTyJE€HTaM B Oyayliem
OPHUCHTHUPOBATHECA B JOKYMCHTAX, CXEMaXx, Ta6nm[ax HC TOJIBKO Ha POAHOM A3BIKC, HO U Ha U3y4YaCMOM
A3bIKE, HA KOTOPBIA OPUEHTUPYETCS OOJIBIIMHCTBO MPOU3BOAUTENCH. [ paMMaTHiecKkue U JIEKCHIeCKHe
yIpaXHEHMsI, KOTOPbIE IPEJOCTABISAIOTCS aBTOPOM B ITOCOOUH, JI€Tat0T 3TOT MaTepual UHTEPECHBIM U
OINITUMAJIBHBIM IJI BOCIIPUATHA CTYACHTOB CTAPIIUX KYpPCOB.

YyeOHoe mocobue 00nagaeT MPaKTUYECKOM 3HAYMMOCTBIO: PsJ 3a/laHui TOCJe paccMaTphBaeMon
OTIpeIeNIEHHOM TeMbl CTUMYIIMPYET UHTEJUIEKTYaIbHYIO0, TIOUCKOBYIO U KOMMYHUKATHBHYIO aKTHBHOCTh
U, KaK CJeJCTBUE, (POPMUPYET HOBBIE HABBIKH CTYICHTOB, KOTOPHIX, BOBMOXKHO, PaHEe Y HUX HE OBLIO
(HaKoIJIEHHUE 3amaca CJIO0B, JOTHYECKH MPaBUIIBHOE TTOCTPOSHHUE TIEpeBO/Ia, T.1I.)

Penensupyemoe yueOHOE TOCOOHE aKTyaIbHO JJIsl CHCTEMbI 00pa30BaHusl, HHTEPECHO IO COACPIKAHUIO,
6y21€T AOCTYIIHO W IIOHATHO KakK IMPErnoaaBaTC/ito, TaK U CTYyACHTaAM-CTapLIICKYpPCHUKaM, KOTOPEBIC
OCBaWBAIOT CIICIUAILHOCTh B TEOPUH U HA MPAKTHKE.

Taxum o6pazom, ganHOE ocodue yueOHoM qucuUIUIMHBL «IHOCTpaHHBIH SI3bIK (QHTIIHICKUN )» MOXKET

OBITH PEKOMEH/IOBAHO JUIS HCIONB30BaHMS B oOpasoBarenbHOM yupexaerud ['BIIOY KK
o o )

«HoBopoccuiickuit KoJemK pagugsIeKTPOHHOTO IPUOOPOCTPOCHUSD.

Peuensenr: E. H. Tkanuna
\ (®.1.0. peneHseHTa)

[IpernogaBartens BoICIICH KBaTH(PUKAITIOHHON
KaTeropuu
I'BIIOY KK HKPII

(momKHOCTB, MECTO PabOTHI)
JIMHTBHCT, MIPETOIaBATENb AHTITUHCKOTO S3bIKA

(xBanmuQUKAIHS 110 TUTLIOMY)
17 wmons  2021r.
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Penen3us

Hacrosimee yue6noe nocobue «Ot Harammra 1o TexHonorun Montaxka. COOPHHK TEKCTOB H
Hay4HBIX CTaTel» TMpeaHa3HaueHa I paboThl oOywaromuxcs 2 Kypca crnenuaibHocTd 11.02.02
«TEXHUYECKOE 00CITYKUBAHHE U PEMOHT PAJHOSIICKTPOHHON TEXHUKI.

OcHoBa 11 yuyeObHOro mocoOusi ObUla 3aMMCTBOBaHA W3 HAYYHO-IYOIMIIMCTUYECKOM
JUTEPATYphl, KOTOpasi SBISETCS y4EOHBIM MaTEpUaOM, M3Y4aeMbIM CTYICHTAMH II0 JaHHOW TeMe,
paccunTtanHoi Ha 66 (32+34) yacoB (MM Ha 1Ba YIEOHBIX CEMECTPA).

Bce TekcThl gaHHOTO y4eOHOTro mocoOust mpodeccHoHaNbHO HampaBiieHbl. Bo mu30exaHue
SI3BIKOBBIX TPYJIHOCTEH U TPYAHOCTEH MepeBoja MpeaycMOTpeHa MmodTamnHas paboTa ¢ TeKCTaMHu, Psij
yIpakKHEHUH U 3aJJaHU{ JUTsI UX TIOCJIE0BATEIbHOTO pa3dopa Mo YacTsIM, a TaK)Ke BBISBICHHUS CYTH U
KpPaTKOTO M3JI0KEHHS Ha U3y4aeMOM S3bIKe. YueOHOe MocoOHe BKIIIOYAET B ce0s:

« Tekcter - Datasheet. Types of Datasheets. Creating and Formatting Datasheets; Main
Components of a Circuit (Resistors); Capacitance and Capacitors; Inductance and Inductors;
Klystrons. Klystron Amplifiers; Cathode Ray Tubes (CRT). Photosensitive Tubes; Gas
Discharge Lamps; Plasma Panel Displays (PDP); Thyristors; Solid State Relays; Opto Coupled
Devices; a Signal; Trigger and Synchronization Spectrum; Encoders and Decoders. More
Combinational circuits — Multiplexers, Demultiplexers, Encoders and Decoders; Electrical
Installation Work. Soldering in Electronics. Soldering Tools. Solder Pastes for SMDS; Printed
Circuit Board — Diagram and Assembly, Materials, Design; Types of Electrical Cable. The
Basics of Wiring Harnesses for Industrial Engines.

* HoByo I€KCUKY;
» Jlekcudeckue ynpaKHEHHS;
* I'pamMMaTmyeckue ynpaKkHEHUs.

HpI/IMeHeHI/Ie JaHHOT'O mocoous Ha IMPAKTUKEC CHOCO6CTByeT PCHICHUTIO CIICAYIOIIUX 3a1a4:

Pa3BUTHUC HABBIKOB UTCHUS TCKCTA U €TI0 IOHNUMAHUC,

HCII0JIb30BAHHUEC HABBIKOB UTCHUA U3YYAIOIICTO U MTOMCKOBOI'O XapaKTEpa,
Pa3BUTHUC HHaHOFHHGCKOﬁ 1 MOHOJIOTMYECKOM peuu;

PA3BUTHUC JIOTHYCCKOT'O MBIIIJICHUS 06yqaeMHx;

3aKPCIUICHUEC I'PaMMATUYCCKUX HABBIKOB, IOJITYUYCHHBIX B IIPOLCCCC 06yquI/1;1.

TpeboBaHus K pe3yjabTaTaM OCBOEHHUS MaTepuasa yueOHOro mocoOusi KOHKPETU3UPOBAHBI U
[lpakTtiueckne 3amaun  OOy4eHUs] HANpaBIEHbl HAa pPAa3BUTUE COCTABILIONMX KOMMYHHMKAaTUBHOM
KOMIIETEHTHOCTH CTYAEHTOB (peueBOM, S3bIKOBOM, COLMOKYJBTYPHOH, KOMIIEHCATOPHONH M y4eOHO-
HIO3HABATEIILHOM).

[lperyiaraemoe  yueOHbBIM ~ TOCOOMEM  COJEp)KaHUE  NPAKTUUECKUX — 3aJaHUi  HOCUT
npohecCHOHAITBEHO OPUEHTUPOBAHHBIN XapakTep, oOecrieunBaeT NpruodpeTeHre 00ydaeMbIMU TPEOYEMBIX

YMEHHUI U HAaBBIKOB.
COOTBETCTBYIOT TpeOOBaHMUSIM K 3HAaHUSAM M yMEHUsSM 0a30BOH MOATOTOBKU IO
CHELMaIbHOCTH.

Peuensenr: A z‘g./‘ gr/ ety E. B. I[lapdenosa
7 gl 4 (®.1.0. penensenra)
npenonasarens [AIIOY KK HKCD
(TOIKHOCTH, MECTO pabOTHI)
¢dumoor, MPEeno1aBaTelib 1Mo IPEeIMETy
«HOCTpaHHBIH SI3BIK» (AHTTTUICKUI)

(kBasrpuKanys MO JUTLIOMY)
17 wwons 2021r.
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OI'JIABJIEHHUE

BBEJIEHUE

UNIT 1. DATASHEET. TYPES OF DATASHEETS. CREATING AND
FORMATTING DATASHEETS
PREAMBLE

THEORETIC MATERIAL

UNIT 2. MAIN COMPONENTS OF A CIRCUIT (RESISTORS).
CAPACITANCE AND CAPACITORS. INDUCTANCE AND INDUCTORS.
KLYSTRONS. KLYSTRON AMPLIFIERS. CATHODE RAY TUBES (CRT).
PHOTOSENSITIVE TUBES. GAS DISCHARGE LAMPS. PLASMA PANEL
DISPLAYS (PDP). THYRISTORS. SOLID STATE RELAYS. OPTO
COUPLED DEVICES

PRACTICAL MATERIAL

THEORETIC MATERIAL

UNIT 3. A SIGNAL. TRIGGER AND SYNCHRONIZATION SPECTRUM.
ENCODERS AND DECODERS. MORE COMBINATIONAL CIRCUITS-
MULTIPLEXERS, DEMULTIPLEXERS, ENCODERS AND DECODERS
THEORETIC MATERIAL

UNIT 4. ELECTRICAL INSTALLATION WORK. SOLDERING IN
ELECTRONICS. SOLDERING TOOLS. SOLDER PASTES FOR SMDS.
THEORETIC MATERIAL

UNIT 5. PRINTED CIRCUIT BOARD - DIAGRAM AND ASSEMBLY.
MATERIALS, DESIGN. TYPES OF ELECTRICAL CABLE. THE BASICS
OF WIRING HARNESSES FOR INDUSTRIAL ENGINES

THEORETIC MATERIAL

CONTROL QUESTIONS BY THEMES:

Types of Electrical Cable, The Basics of Wiring Harnesses for Industrial Engines,

Requirements of Solder Pastes, Printed circuit board. Materials (Part 1), Printed

circuit board. Design (Part 2), Surface Tension
APPENDIX

CIIMCOK JIMTEPATYPBI
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BBEJAEHHUE

JanHnoe ydeOHoe mocodue «Or [larammra o TexHomorun Montaxka. COOPHUK TEKCTOB U
HayYHBIX CTaTei» MPEeJIHA3HAYeHO [UIsl CTYJIEHTOB 00pa30BaTelIbHbIX OpraHu3anuii, B
IPOrpaMMy KOTOPBIX BXOAMUT U3YUEHHE PATUOIEKTPOHHON TEXHUKU U NPUOOPOCTPOEHHUSI.
ITocoOue cooTBeTCTBYeT ©0a30BOMY JTalmy MOArOTOBKM HWHOCTPAHHOTO fA3bIKa U
o0ecreynBaeT KOMMYHHKATUBHYIO M MPOQPECCHOHAIBHYIO HAIMpPaBICHHOCTh B O0yYEHUU
S3BIKY B HESI3bIKOBOI 00pa30BaTEIbHONW OpraHU3aIINH.

Bce xoMmMmoHeHTHI y4eOHOro MOCOOMS TMOCTPOEHBI Ha E€AUHBIX METOAMYECKHX
OPUHLMNAX, PA3BUBAIOT BCE BUABl HHOSI3bIYHOM pEUYEBOM NEATEIBHOCTH, IO3BOJSIOT
OpraHu30BaTh AyJUTOPHYIO M CaMOCTOSITENIbHYIO pabOTy IO OBJIAJIEHUIO AHTJIMHUCKUM
SI3BIKOM M (POPMHUPOBAHKE MEKKYIBTYPHON KOMIETEHIIUU Oy IyIIHUX CTICIIHATINCTOB.

Lenpto yuebHOro mocoOust siBisieTcss (GopMUpOBaHUE yMEHHs OeceloBaTh Ha
MpodeccCHOHaTbHBIE TEMbI, PA3BUTHE YMEHUS YUTATh CIICIIMATIbHYIO JTUTEPATYPY CPEAHEH U
MOBBIIICHHON CTETIeHW TPYIHOCTH M M3BJEKaTh W3 Hee mHpopmarmio. s mocTiwkeHus
ATOr0 B MOCOOMH MPEyCMOTPEHA PETYIIsIpHAsi, OT TEKCTa K TEKCTY, yueOHas JesTeIbHOCTh
MO0 CO3JaHUIO CIIOBapsi aKTUBHOW JIEKCHKH, BKIIIOYAIOIIETO YMOTPEOUTEIbHBIE B JaHHOU
CHEUANTbHOCTHA TEPMHUHBI U CIIOBA OOILIETO 3HAYECHHUS.

Marepuaiibl, BXOJsIIME B MOCOOME, OTOOpAaHbI W3 OPUTHMHAIBHOM JIUTEpaTyphl.
ITocnenoBaTenbHOCTh TEKCTOB MMEET JIOTUYECKYIO HAIpPaBIEHHOCTb, COOTBETCTBYIOIYIO
JOTHKE pa3BUTUSA JAHHON oTpaciau. YueOHoe mocoOue BKItouaeT B cebst 24 Tekcra.
TeMaTnka TEKCTOB COOTBETCTBYET PEAbHO CYIIECTBYIOIIUM HAMPABICHUSM IMOATOTOBKHU
CHEIUANTNCTOB TPOQUIS TEXHUYECKOE OOCTY)KMBAHME M PEMOHT PaauO0dIEKTPOHHOU
TEXHUKM HAa OCHOBE 3HAaHHM 1O JJIEKTPOHHOM  TEXHHUKE, DJIEKTPOTEXHUKE,
MAaTepUATIOBEJICHHS], JJIEKTPOPaJMOMATEepUaIoB H  pPaJIAOKOMIIOHEHTOB, a  TaKXKe
3JIEKTPOPATNONZMEPEHU.

[Ipu pazpaboTke MpakTUYECKUX 3aJaHUM UCIIOJIb30BAHbI AJIEMEHTHI (DYHKIIMOHATIBHO-
KOMMYHUKAaTUBHOIO OOYYEHUS MHOCTPAHHOMY $3bIKY, IPHU KOTOPOM SIBJIEHHS SI3bIKa
(JlekcHKa ¥ rpaMMaTHKa) PacCMaTPUBAIOTCS HE TOJIBKO KaK CUCTeMa S3bIKOBBIX MPABHII, HO

N KaK CUCTEMa KOMMYHHWKATUBHBIX (bYHK]_[I/Iﬁ Takune (1)YHKI_II/II/I THUIIMYHBI AJIA TEKCTOB

npouiis TeXHUUYECKOe OOCITYKUBAHUE U PEMOHT PAAMOIICKTPOHHON TEXHUKU UM HAXOJSAT
CBOE OTPaXKEHHUE B TUMTUYHBIX TPAMMATHYECKUX MOJIEISIX U TUITMYHOM HaOOpe IEKCHUECKHUX
€IMHUIL ¥ CIOBOCOYETaHM. B KOHIIE mOcoOUs JaHbl KOHTPOJIbHBIE BOMPOCH HA YCBOEHUE
y4eOHOTO MaTepuaja, pacCYMTAHHOIO Ha 3aKpEIUIeHHE IMOHATON 00yyarolmuMucs
uHpopmarmu. Takke JaHHOE TMOCOOHME BKIIOYACT JOTOJHUTEIbHBIE TEOPETUUYECKUE
CBEJICHUS 10 TEeMaTUKE Ha aHIJIMHCKOM M PYCCKOM SI3bIKAaX (IOMOJIHUTENbHbBIE JaHHBIE O
JaTalINTax).
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UNIT 1
‘Pa:«;z[en 2 Jlaramutel. [lepeunu qanHbIX OT npousBoauTes. Tema 2.1 CHeHI/I(bI/IKaLII/II/I‘
PREAMBLE

TEXT 1 DATASHEET

A floppy disk controller datasheet S e

A datasheet, data sheet, orspec sheetis adocument that FO177101 Floppy Disk Formaltes/Controter
summarizes the performance and other technical characteristics of : E
a product, machine, component (e.g., an electronic component),
material, a subsystem (e.g., apower supply) or software in
sufficient detail that allows design engineer to understand the role
of the component in the overall system. Typically, a datasheet is
created by the manufacturer and begins with an introductory page
describing the rest of the document, followed by listings of
specific  characteristics, with  further information on
the connectivity of the devices. In cases where there is
relevant source code to include, it is usually attached near the end
of the document or separated into another file. Depending on the
specific purpose, a datasheet may offer an average value, a typical
value, a typical range, engineering tolerances, or a nominal value.
The type and source of data are usually stated on the datasheet.

A datasheet is usually used for technical communication to describe technical characteristics of an item
or product. It can be published by the manufacturer to help people choose products or to help use the
products. By contrast, a technical specification is an explicit set of requirements to be satisfied by a
material, product, or service. An electronic datasheet specifies characteristics in a formal structure that
allows the information to be processed by a machine. Such machine readable descriptions can facilitate
information retrieval, display, design, testing, interfacing, verification, and system discovery. Examples
include transducer electronic data sheets for describing sensor characteristics, and Electronic device
descriptions in CANopen or descriptions in markup languages, such as SensorML.

Typical electronics datasheet information
Electronic component

A typical datasheet for an electronic component contains most of the following information:

Manufacturer's name

Product number and name

List of available package formats (with images) and ordering codes

Notable device properties

Short functional description

Pin connection diagram

Absolute minimum and maximum ratings (supply voltage, power consumption, input currents,
temperatures for storage, operating, soldering, etc.)

Recommended operating conditions (as absolute minimum and maximum ratings)
DC specifications (various temperatures, supply voltages, input currents, etc.)
Maximum power consumption over the whole operating temperature range

AC specifications (various temperatures, supply voltages, frequencies, etc.)
Input/output wave shape diagram
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https://en.wikipedia.org/wiki/Document
https://en.wikipedia.org/wiki/Electronic_component
https://en.wikipedia.org/wiki/Power_supply
https://en.wikipedia.org/wiki/Software
https://en.wiktionary.org/wiki/connectivity
https://en.wikipedia.org/wiki/Source_code
https://en.wikipedia.org/wiki/Average
https://en.wikipedia.org/wiki/Tolerance_(engineering)
https://en.wikipedia.org/wiki/Real_versus_nominal_value
https://en.wikipedia.org/wiki/Technical_communication
https://en.wikipedia.org/wiki/Specification
https://en.wikipedia.org/wiki/Transducer_electronic_data_sheet
https://en.wikipedia.org/wiki/CANopen#Electronic_Device_Description
https://en.wikipedia.org/wiki/CANopen#Electronic_Device_Description
https://en.wikipedia.org/wiki/SensorML
https://en.wikipedia.org/wiki/Direct_current
https://en.wikipedia.org/wiki/Alternating_current
https://en.wikipedia.org/wiki/File:FD1771_FDC_Datasheet.jpg
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timing diagram

Some characteristics are only given at a specific temperature, typically 25 °C (77 °F)

Physical details showing minimum/typical/maximum dimensions, contact locations and sizes
Ordering codes for differing packages and performance criteria

Liability disclaimer regarding device use in certain environments such as nuclear power
plants and life support systems

Application recommendations, such as required filter capacitors, circuit board layout, etc.

Errata, often published prior to subsequent correction and relevant datasheet revision

Personal computer
e Number of ports
o USB, Ethernet, FireWire, S/IPDIF, PS/2, Serial, Parallel
Expansion bays
o 5.25inch bays
o 3.5inch bays
Motherboard
o CPU socket
= Front-side bus (FSB)
= Back-side bus (BSB)
Chipset
= North bridge
= South bridge
o Random-access memory (RAM) slots
o Peripheral Component Interconnect (PCI) and PCI Express (PCle) buses and slots
o Floppy, ATA (IDE) and SATA interfaces
o Fans and temperature monitoring
o Integrated graphics controllers
o Integrated LAN interfaces
o Firmware (BIOS)
o Form factor
Graphics card
o AGP type
o Memory
Audio card
Hardware compatibility requirements and basic setup details for computer device drivers
Operating system and other installed software (if included)

Although a datasheet may include a "typical use™ circuit diagram, as well as programming examples in
the case of programmable devices, this sort of information is often published in a separate application
note, with a high level of detail.

Historically, datasheets were typically available in a databook that contained many datasheets, usually
grouped by manufacturer or general type. Today, they are also available through the Internet in table
form or via downloadable (usually PDF) documents.

Chemical data sheets
Material Safety Data Sheets

A Material Safety Data Sheet (MSDS), Safety Data Sheet (SDS), or Product Safety Data Sheet (PSDS)
is an important component of product stewardship and occupational safety and health. These are required
by agencies such as OSHA in its Hazard Communication Standard, 29 C.F.R. 1910.1200. It provides
workers with ways to allow them to work in a safe manner and gives them physical data (melting point,
boiling point, flash point, etc.), toxicity, health effects, first aid, reactivity, storage, disposal, protective
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equipment, and spill-handling procedures. The MSDSs differ from country to country, as different
countries have different regulations. In some jurisdictions, it is compulsory for the SDS to state the
chemical's risks, safety, and effect on the environment. The SDSs are a commonly used classification
for logging information on chemicals, chemical compounds, and chemical mixtures. The SDSs often
include the safe use of the chemical and the hazardous nature of the chemical. Anytime chemicals are
used these data sheets will be found. There is a need to have an internationally recognized symbol when
describing hazardous substances. Labels can include hazard symbols such as the European Union
standard black diagonal cross on an orange background, used to denote a harmful substance.

The purpose of an SDS is not so that the general public will have a knowledge of how to read and
understand it, but more so that it can be used in an occupational setting to allow workers to be able to
work with it.

Chemical data

Data sheets and pages are available for specific properties of chemicals in Chemical elements data
references: example, Melting points of the elements (data page). Specific materials have technical data
in individual sheets such as Ethanol (data page): this includes subjects such as structure and properties,
thermodynamic properties, spectral data, vapor pressure, etc. Other chemical data sheets are available
from individual producers of chemicals, often on their web pages.

Data sheets for automobiles

Data sheets for automobiles may be described under several names such as features, specs, engineering
data, technical summary, etc. They help communicate the technical information about a car to potential
buyers and are useful for comparisons with similar cars. They might include: critical inside and outside
dimensions, weight, fuel efficiency, engine and drive train, towing capability, safety features and
options, warranty, etc.

Similar Documents

Brochure focuses more on the benefits and advantages of a products, and states less details,
especially less quantitative parameters to describe the product. The beginning parts of a brochure
and a datasheet for the same product may look the same and include the name of the product,
manufacturer's name, logo and contact details, brief description, photo of scheme of the product.
Catalog presents a variety of products and in comparison to datasheets, that presents one product or
a relatively small group of similar products. Catalog may present many of the parameters that are
stated in the datasheets of the products, but usually catalogs are not as comprehensive as datasheets.
User_guide deals more with the step-by-step usage of a products, and may include a brief or
complete list of parameters that describe the product, usually as an appendix for the actual user guide
document.

Application notes is a document that gives more specific details on using a component in a specific
application, or relating to a particular process (e.g., the physical assembly of a product containing
the component). Application notes are especially useful for giving guidance on more unusual uses
of a particular component, which would be irrelevant to many readers of the more widely read
datasheet. application notes may either be appended to a datasheet, or presented as a separate
document.

A technical specification is an explicit set of requirements to be satisfied by a material, product, or
service
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TYPES OF DATASHEETS

Meridium APM offers the following
types of datasheets

Standard datasheets: Datasheets
that display fields in a grid. The
following image shows a standard
datasheet that is configured by
default for the Recommendation
family.

Note: The Meridium APM Web
Framework supports only
standard datasheets. If you want to
view the datasheet in the
Meridium APM Web Framework,
you will need to create a standard
datasheet for the desired family.
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Custom forms: Datasheets that can be customized to display fields in a more advanced form. Meridium

APM provides the following types of custom forms, which you can apply to any family:

Master/detail: A form that lets you
display a record and all the records
that are linked to it through a
given relationship definition. The
following  image shows a
master/detail datasheet that is

configured by default for the |

Calibration Template family.

Custom-layout: A form that users
can customize via the Meridium

f
Tavgiste Isntficalin | Setis | Anakog Radgan | Switth Teut

vk

Targiste Short Dacyiphion

Tevgiae Ve CALIERATION
Terglse Sate Crronitponmd DEVELOMMENT)
ol st Typm Ao - Marud

Terglsts Long Desorpeon

S

Catration Terghss Dot

-
Calbedion Fergiae Detsd |

Twrgieba Dutad D

APM Framework application. Unlike standard datasheets, custom-layout datasheets provide more
flexibility in the layout of fields. For example, they can contain grouped fields, fields that appear side-

by-side, and so on.

Header |Planning Data |Reference Ohbjeck |

The following image | Mantenance ltem:
shows a custom form | tempescription: |
that is configured by | casory:
default ~ for  the | wantenance strateoy
Maintenance Item

-

family.

Custom-layout datasheets can be created for any entity family via the Configuration Manager. As part
of this creation process, a Security Group must be associated with the custom-layout datasheet. Only
Security Users that belong to this Security Group can configure the datasheet in the Meridium APM

Framework.

After a custom-layout datasheet has been created in the Configuration Manager, when you create a new
record or modify an existing record in the associated family, the datasheet that appears will contain ALL
fields that are defined for that family. A Security User that belongs to the associated Security Group can
begin customizing the datasheet layout as desired. Note that until the datasheet is customized, the fields
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will appear in order according to their field sequence order, which is specified via the Configuration Z
Manager application. ‘4

8

TEXT 2 DATASHEETS TYPES, CREATING AND FORMATTING DATASHEETS

Knowledgebase: Datasheet Basics

Individual Datashoet

The datasheet is a paper form or document
that details the properties of a particular
product or component. The form contains
fields for collecting specific data about the
product or component. By analogy, you use
datasheets in Progeny to enter and store data
for individuals, pedigrees, markers, and
samples. Each datasheet contains database
fields that store specific data for an
individual, a pedigree, a marker set, and or a
sample.

Contact information Patient Information

Datasheet Types

There are five distinct types of datasheets that can be
created in Progeny:

Individual Datasheets — The individual datasheet is used
to enter and store information about individuals in your
Progeny database. An Individual datasheet can contain
individual database fields, pedigree database fields, and
marker database fields.

Pedigree Datasheet

Pedigree Data . . .
Pedigree Datasheets — The pedigree datasheet is used

B Ok it to enter and store information about pedigrees in your
ST e Progeny database. A Pedigree datasheet can contain
G Wiyt only pedigree database fields.

X Totyl Breast Cancers I8 FHQ Last Irwite Seet Date

Sample Datasheets — The sample datasheet is used to
enter and store information about samples in your
18 i s Progeny database. Additionally, the sample datasheet
is the only one of the five datasheet types that can
contain all four types of Progeny database fields—individual database fields, pedigree database fields,
sample database fields, and marker database fields.
Marker Datasheets — The marker datasheet is used to enter and store information about markers in your
Progeny database. A Marker datasheet can contain only marker database fields. Table Datasheets — The table
datasheet is a special type of datasheet as the scope of fields that can be added to it are limited to the subfields
of a table. Each table datasheet can contain table subfields from only a single table. A table datasheets is, in
turn, contained in one of the other four types of datasheets—individual, pedigree, sample, or marker.
Creating and Formatting Datasheets
After adding the necessary field types to your Progeny database, and you have added the necessary

components for creating a specific type of datasheet (for example, you have created Individual folders

| FHQ hum Iy

@ Mam x Il X Yise Record X
-

Table Datasheet

Tabt | 1;

[®) st burpose
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and you have added individuals to a folder in preparation for creating an individual datasheet), you can
create the datasheet. When you are creating a datasheet, you have a variety of options for formatting the
datasheet, including the following:

Adding tabs to the datasheet.

Positioning and aligning the fields on the datasheet.

Specifying default settings for the fields on the datasheet.

Adding static text to the datasheet.

Creating table datasheets for table fields.

The following procedure assumes that you have already added the required components for creating a
specific type of datasheet. (For example, you have created folders and added individuals to the folder so
that you can create an individual datasheet.) Detailed procedures for creating the necessary components
for adding a specific type of datasheet are discussed in detail in the appropriate chapter (Progeny
Clinical, Progeny Lab, or Progeny LIMS) in this manual.

To create and format a datasheet
1. At the top of the blank datasheet, click Form Design.

Figure 3-1: Datasheet toolbar

& Main| L4 Cathy Jones

{U-:Iuw |*i 1 . Data Entry '@ Form Design

EfJ
2. On the datasheet toolbar, click the Fields button Fils= to open thq Fields dialog box.

H & #® & & A BH (BYH =a &
Save Data oad Fmt Save Fmt Jnde Red L Add Text Add Tab

3. This dialog box contains all the fields (grouped by folder) that you can add to the datasheet. It also
lists the system fields that you can add to the datasheet. For example, if you are creating an individual
datasheet, then the dialog box lists all the individual data fields (grouped by folders), all the pedigree
data fields (grouped by folders), and all the marker sets (grouped by folder) that you can add to the
datasheet. It also lists all the individual system fields that you can add to the datasheet. See Figure 3-2
below.

F_'gure 3-2: Fields Folders Fields in folder 'System Fields’
dialog box for an I 5 & ravdanen rds
Individual datasheet W System Fiekds
+-(_) Cardiac
¥ (3 Cinical
] PHl Data
=1 7 Pedigree Data Felds
) Pedigree Info
il Summary Felds
‘ = 41 Marker Sets

50 All Markers

System fields are read-only fields that Progeny automatically stores in its database for a record. Each
record type (individual, pedigree, sample, and marker) has its own unique system fields. You can include
system fields on a datasheet if there is information that you want to view at all times, but not edit, for an
individual, a pedigree, a sample, or a marker. For a complete list of system fields and the read-only value
that is displayed in each field, see System Fields - Individual Level, System Fields - Pedigree
Level, System Fields - Sample Level, System Fields - Marker Level
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4. If the datasheet is to be a single sheet, (that is, no tabs), then continue to Step 5; otherwise, for each
tab that you are adding to the datasheet, on the datasheet toolbar, click the Add Tab button to open the
Add Tab dialog box, enter a name for the new tab, and then click OK.
B
\Add Tab J | Properties

i = 5 % & A A9
Save Data Print Load Fmt  Save Fmt Undo Redo Style
5. In the left pane of the Fields dialog box, open the folder that contains the field or fields that you are
adding to the datasheet. The list of
fields contained in the folder is
displayed in the right pane of the
Fields dialog box.

Tab Mame:

Figure 3-4: Adding Fields (Example |
shown here: using Clinical Folder)

Fields in folder “Clinical'
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Figure 3-5: Adding Fields (CTRL-click to select multiple fields)
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6. If applicable, make sure that the correct tab is open and then from the right pane of the Fields dialog box,
drag the needed field or fields (CTRL-click to select multiple fields) to the datasheet.
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To align multiple fields
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1. CTRL-click to select the fields that you are aligning.
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2. On the datasheet toolbar, click the Style button to open the Style toolbar.

= 1= ﬁ £ s, 72 E 2! :—c 21 Q

Save Data Print Load Fmt Ssve Fmt Ind Red Style Add Tab Properties

= . . .
to open a menu with a variety of options for

3. On the Style toolbar, click the Alignment button
modifying the field alignment.

‘Style

Figure 3-6: Style toolbar

Align Left
=| Align Right
Align Top

Alignment Button Options 05 ion somom

! Size Horz
Size Vert
Izf] Space Horz

% Space Vert

Option Description

Align
Left From top to bottom, vertically aligns the left edges of the selected fields.

Align
Right From top to bottom, vertically aligns the right edges of the selected fields.

Align
Top From left to right, horizontally aligns the top edges of the selected fields.

Align
Bottom From left to right, horizontally aligns the bottom edges of the selected fields.

Size Horz = Sets the width of all the selected fields to same width as the first selected field.

Sets the height of all the selected fields to same height as the first selected
Size Vert  field.

Space Sets the horizontal spacing between all the selected fields to the same as the
Horz spacing between the first two selected fields.

Space Sets the vertical spacing between all the selected fields to same as the spacing
Vert between the first two selected fields.

To add static text to a datasheet

Static text is free-standing text that is not tied to any field on a datasheet. You can add static text
anywhere on a datasheet.
1. On the datasheet toolbar, click the Add Text button. 7

H & ® & &« A 0@ = a
Save Dats Print Load Fmt Save Fmt ved Fields d Add Tab Properties
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2. A blank text box with the phrase “Static Text” is displayed on the
worksheet.

............... £
'

Figure 3-7: Blank text box ?Static

3. Click on the phrase “Static Text” to select it, and then replace the
phrase with the appropriate text.

4. Drag the top, side, or corner handles to resize the text box as
needed.

5. Click and hold on the center of the text box and drag the text box to the correct location on the
datasheet.

6. To change the format for the static text (font size, font color, and so on), see one of the following:

To set the properties for all the fields on the datasheet

You can set the same default properties for all the fields on the datasheet and all static text in a single
step.
1. On the datasheet toolbar, click the Properties button to open the Properties dialog box.

bl = B ¥ A (o] = [&]

SsveDats  Frnt losd Fmt  Save Fmt Unde Red Sty Fiskds Ad3 Text

2. If needed, open the Default Settings tab.

3. Set the default values as needed

Propesties
Feid Prepotes | Defa Settngs
Show Gnd
Show Page Bresks
Snap to Grd

Data
v Show Boeder V) Show Feld Types

«-: «~ B Z U

Description

Displays a background grid (a set of
intersecting lines used to align
Show Grid objects) on the datasheet.

Displays the edges of the print pages
Show Page Breaks in Print Preview mode.

When moving a field, aligns (or
Snap to Grid “snaps”) the field to the nearest
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intersection of lines in the grid, even
if the grid is not visible.

Show Border—Shows the border
around all fields.

Show Field Type—Displays the icon
for each field at the top left corner of
the field.

Data Alignment—The horizontal
alignment of the data that is
displayed in the fields. Values are
Left, Center, and Right.

Display Heading—Displays the field
name as the field heading for each
field.
Heading Position—The location of
the field heading relative to the field.
Values are Top, Left, Bottom, and
Right.
Heading Alignment—The alignment
of the field heading relative to the
field. Values are Left (aligned with
the left edge of the field), Center
(centered relative to the field), and
Right (aligned with the right edge of
Heading the field.

4 ~alely)

Use the formatting options to format the font color, font type,
font size, and font properties (Bold, Italics, or Underline) for
the data that is entered into a field, the field headings, and any
static text on the datasheet.
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Figure 3-9: Properties dialog box, tab
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To set the field properties on a field by field
basis

You can set the properties for all fields on the datasheet,
including static text fields, on a field by field basis.

1. Select the field for which you are setting the properties.

2. On the datasheet toolbar, click the Properties
v
button “**"™** to open the Properties dialog box.

3. If needed, open the Field Properties tab. The database
name of the selected field (including the name of its folder)
is displayed in the Field Name field and you cannot change
this value.

7. oe hekz Ty

it
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4. Set the default values as needed.

General

Data

Heading

Use the formatting options to format the font color, font type, font size, and font properties (Bold,
Italics, or Underline) for the data that is entered into the field, the field heading, or any static text on
the datasheet.

Description

Show Border — Shows the border around the field.

Show Field Type — Displays the icon for the field at the top left corner of the field.

Tab Order — The order in which a user tabs through the fields on a datasheet. The default
tab order is the order in which you added the fields to the datasheet.

Data Alignment — The horizontal alignment of the data that is displayed in the field.
Values are Left, Center, and Right.

Display Heading — Displays a user-defined value as the heading for the field.

Note: Any value that you enter here does not overwrite the database name for the field. It
is simply a display value for the field on the datasheet.

Heading Position — The location of the field heading relative to the field. VValues are Top,
Left, Bottom, and Right.

Heading Alignment — The alignment of the field heading relative to the field. Values are
Left (aligned with the left edge of the field), Center (centered relative to the field), and
Right (aligned with the right edge of the field.

Additional Data
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BbI caplmany 3T0 CI0BEYKO PHPS5NO3T

— nmartamut? Ham nekcukoH Manufactirer Pact Mumbie PHPSSNOIT

HOCJ‘[CHHI/I@ FOHBI I/IngHHO thar TreachMOS transistor Standard
Mam ur Phiips Semiconducton

000raTuiacs aHrJIUIN3MaMU.
Jronm, KOTOpBIE 3aHUMAKOTCS

INEKTPOHUKON U pa3zduparor

KOMIIBIOTCPHEI, HaBCpHIKa
3HAKOMEI € 9TUM TCPMHUHOM.

Te, XTO TOJBKO TOTOBHUTCS

OKYHYTbBCSI B 3TO YBJICKATEIILHOE JIEJI0, YATAEM Jalibliie!
Jarammr — 310 TpaHciautepupoBanHoe data sheets, cnpaBouHble JHCTBI ¢ HH(pOPMAIIUCH.
[IpencraBnsieT co00# OPHUIUATBHBIN JOKYMEHT IPOU3BOIUTENS JICKTPOHHBIX KOMIIOHEHTOB.

Tam npuBOASTCS TEXHUYECKOE OMMCAHUE KOMIIOHEHTA, €TI0 MapaMeTPhl, PeKUMBbI SKCILTyaTalluu, CXEMbI
BKJIIOUEHUS U Ipyrasi HHpopMaIusi.

HEMHOI'O HCTOPHUH

Ceiiyac a0cos0THOE OOJIBIIMHCTBO 3JIEKTPOHHBIX KOMIIOHEHTOB, KOTOpPbIE MPUCYTCTBYIOT Ha PBIHKE,
M3TOTOBJICHBI 3apyOexHbIMU TpousBoguTensimMu. B CoBerckom Coroze ObLI0 HA000pOT: TpH
W3TOTOBJICHUH 3JIEKTPOHUKHU UCIOIb30BAIH B OOJBIIMHCTBE CBOEM OT€YECTBEHHbBIE KOMIIOHEHTHI.

Ha kaxaplii KOMIIOHEHT M3TOTOBHUTENIEM MOCTaBISUIMCH TexHUYeckue ycnoBus (TY), KoTopble HAlTH
MOXKHO OBLIO TOJBKO Ha 3aBOJAX, TNl DJEKTPOHHYIO ammaparypy H3rOoTaBiIHBald. B cBOOOIHOM
JOCTyTIE UX HE OBLIO.

B Texnnueckux ycinoBHsX ObUIO Bce TO (M Aaxke OOJIbIIE), YTO MMEETCS B HBIHEIIHUX JATalINTaXx.
CymectBoBanu OyMaKHBbIE CHpPAaBOYHHUKHM, TAe Obula coOpaHa camas HeoOxonumas MH(OpManus,
KOTOpBIE HAlTH OBLIO yKe JIeTde.

0Ceﬁqac mro60ii data sheets MOXHO oueHb Jierko HaiiTH. HagoOHOCTH B TOJCTBIX OYMasKHBIX
CIIPaBOYHUKAX OTIIAlA.
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YTO MOKHO HAUTH HA IEPBOM CTPAHUIIE JATAIINATA?

Philips Semiconductors Product specification
s "

TrenchMOS™ transistor PHP55N03T
Standard level FET

GENERAL DESCRIPTION QUICK REFERENCE DATA

N-channel enhancement mode SYMBOL | PARAMETER
standard level field-effect power
transistor in a plastic envelope using . Drain-source voltage
‘trench’ technology. The device Drain current (DC)
features very low on-state resistance Total power dissipation

and has integral zener diodes giving Junction temperature

ESD protection up to 2kV. It is . Drain-source on-state
intended for use in DC-DC resistance Ves =10V
converters and general purpose
switching applications.

Cpa3y oTMeTHM, 4TO MEPBYIO CTPAHUILy JaTamuTa (GOPMUPYIOT HE TOJIBKO TEXHUKH-UHKEHEPDI, HO U
CHELUAINCTBI 10 MAPKETUHTY U peKiiaMe. DJIEKTPOHHbIE KOMIIOHEHThI IPOU3BOIAT U1 TOT0, YTOOBI X
MOKYIIAJIK, I03TOMY HaJlo Moka3aTh ToBap JuioM. Ha nepBoii crpanune data sheets nmpuBoasTcs:

cBoiicTBa komnonenra (features),

ero ocHoBHbIE rmapameTpsl (quick reference data),

0003HAaYeHNe HA IPUHIHIHAIBHBIX cxemax (Symbol),

KpaTkoe onucanue (general description).

MoryT onuchkIBaThCA MpeeabHbIe PeKUMbI dKcIutyaTanuu (limiting values, absolute maximum rating)
WJIA 9TO-TO B 3TOM pojie. YacTo mpuBOAIT H300paKeHHs KOPITyca KOMIIOHEHTa U Ha3HaYeHHE BBIBOIOB
(pinning information, pin description).

@C IEPBOro JucTa JOJKHO OBITh IIOHATHO, YTO 3a IITYKOBHHA IEPE] HAMU.

PINNING - TO220AB PIN CONFIGURATION SYMBOL
DESCRIPTION

gate
drain
source

drain

Bor kak BeIrnsauT, Hanpumep, nepssiii uct gatamura Ha MOSFET (monesoit Tpansucrop) SSNO3T.
MpI cpa3y BHIMM, YTO 3TO TpaH3UCTOp very low on-state resistance (MMeeT HM3KOE CONMPOTHUBIICHUE
OTKPBITOTO KaHaya CTOK-UCTOK Rds), 18 MOwm npu HanpspkeHnn 3atBop-uctok Vgs 10 B.

Takoe conpoTUBIEHUE MOIYYCHO ¢ MOMOIIBI0 trench-rexHonoruu. O6nacts npumeHeHus (applications)
— cuapHOTOYHBIe Kimroun (high current switching), BeicokouactotHble (high-frequency) dc-dc
KOHBEPTOPHI JUIsl KOMITBIOTEPHBIX MaTepUHCKUX AT (computer motherboard).

W nencTBUTENBHO, 3TOT TPAH3UCTOP s BBLAPAI C HEHCIIPABHOW MATEPHUHCKOM IUIATHI KOMIBIOTEpA.
KonBeprep Ha MaTepuHCKOW IiaTe w3 HanpsbkeHue 12 B Onoka muTaHWs BbIIAEeT HampspkeHue 1 ¢
numHUM B 115 muTanus siapa npoueccopa.
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Hwxke pacrnosioxkeHna 1iokoseBka (pinning) TpaH3UCTOPa, Pa3HOBHIHOCTH KOPITYCHOT'O MCITOJHEHHS. B
KOHIIC TMEPBOr0 JIMCTa NPUBEACHA TaOJHWIA TPEACIbHBIX PEKUMOB, W3 KOTOPBIX BHJIHO, YTO
MaKCHMaJbHO MOITHOCTh, paccemBaeMasi TpaH3ucTopoM (total power dissipation), He mOKHA
npesbimath 103 Bt. EcTrecTBEHHO, ¢ HATMUKUEM paaraTopa.

LIMITING VALUES

Limiting values in accordance with the Absolute Maximum System (IEC 134)

SYMBOL

PARAMETER

CONDITIONS

MAX.

Vos

me

(]
Tslo' Tl

Drain-source voltage

Drain-gate voltage

Gate-source voltage

Drain current (DC)

Drain current (DC)

Drain current (pulse psak value)
Total power dissipation

Storage & operating temperature

Res = 20 kQ

T =25°C
T, =100°C
Top =25 'C
w =25 °C

=2
=2

S B T R

5

30

30

20

55

38
220
103
175

Temnepartypa (paGouast 1 XpaHEHHUs1) TPAaH3UCTOPA JOJIKHA JIeKaTh B IIpeesiax 0T MUHYC 55 10 TuIoc

175.

YTO EIIE ECTb B JATAIIUTE?

STATIC CHARACTERISTICS
T=25°C unless otherwise specified

SYMBOL

PARAMETER

CONDITIONS

TYP:

MAX.

V(BR)OSS

VGS(TO)

IDSS
|GSS

Vericss
DSION)

Drain-source breakdown
voltage

Gate threshold voltage

Zero gate voltage drain current

Gate source [eakage current

Gate source breakdown voltage
Drain-source on-state

Ves =0V I =0.25 mA;
Vos = Vesi b =1mA

Vs =30 V; Vs =0 V;
Ves =#10 V: Vg =0V

ls =£1 mA;
Vhs=10\ﬂ|o=25A

T,=-55'C -
0 | 30

T,=175C | 1. .

=-55'C .
0.05
T,=175'C .
0.02

T,=175°C -

15

resistance

T,=175'C

4.0
44
10
500
1
20
18
335

Jlanee WAyT SIEKTPUYECKHUE W TEMIIEpaTypHbIE XapaKTePUCTUKH, MPHYEM IapaMmeTpbl COJAepKaT
MUHUMAJIBHOE, TUIIOBOE U MaKCUMAaJIbHOE 3HaueHue. Kak HU OTNaXuBail TEXHOJIOTHIO TIPOU3BOICTBA,
Bceraa OyJIeT CyIecTBOBaTh pa3dpoc mapameTpoB.

0TI/IHOBOG — 3TO HauboIee BCPOATHOC 3HAYCHUC.

|

60 80 100 120 140 160 180
Tmb/ "C
Fig.2. Normalised continuous drain current.
1D% = 100-1/lp 55 »= f{T,); conditions: Ves= 10 V

0 20 44

0

0 2 4 6 B
VDS IV

Fig.5. Typical output characteristics, T,= 25 "C.
lp = f(Vias): parameter Vs

JlaTammThl MOTYT COZIepKaTh rpauKu 3aBUCUMOCTH OJHOTO MapaMeTpa apyroro. Hanpumep, B Hamem
Cly4yae 3aBUCUMOCTb TOKa CTOKa OT HANPSKEHHUS CTOK-HUCTOK IIPU OIPEACIICHHBIX 3HAYCHUAX
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HanpsDKEHUs. UCTOK-3aTBOP. B 3akimrouenune npuBoauTcs MHGOpMAIs 0 TEMIEPATYPHOM PEXUME MPU 4
MOHTaKe (TaiiKe) KOMIIOHEHTA, €r0 YIIaKOBKM MapKUPOBKHU U CXeMaX BKIIIOUEHUS.

3AYEM HYKXEH JATAIIAUT?

01/13 BCEro CKa3aHHOTO MOHATHO, uTo datasheet HyXeH paspabdomuuxam 31eKMpOHHBIX U30enull,
94TOOBI TIPABHIILHO MCIIOIB30BaTh JICKTPOHHBIN KOMIIOHEHT ITPH pa3pabOTKe armaparyphl.

0B TO XC BPCMA CIIPABOYHBIMU JAHHBIMU MOTYT IIOJIB30BATHCA WU PCMOHTHHKH, yTOOBI 3aMCHHUTH
BBIIICAUIYIO U3 CTPOA <OGKCIC3KY» aHAJIOTHYHOM.

B sToMm CJIydac UCIOJIB3YIOTCA TOJIBKO HCKOTOPBIC NAHHBIC U3 AATAlllUTA — npedeﬂbﬂo Oonycmwubze
PEAUCUMbBL UIU MUNOBbLE SHAYECHUA napamnempoe.

I'’TE MOKHO HAWTH JATAIIUT?

AHpeKC | ssN03T datasheet < = | Haimu

Ttk % PHP55N03T datasheet - TrenchMOS transistor Standard level... Hawnocs T34 geyymeveta
kazus.ru > datasheets/pdi-data.. PHP5S5NO3T.himl » 43T obbABNEHWE
Mapons. Peruetpauma. Mouck Datasheets. Datasheet SMD-mapkuposka, ... PHPSSNO3T u

Apyrie. KoMnoHewT. Onucanne

PHP55N03T Philips Semiconductors, PHP55N03T Datasheet
elcodis.com > parts/6059176/PHP55NO3T . htmi »
Request Philips Semiconductors PHP55N03T: TrenchMOS fransistor Standard level FET
online from Elcodis, view and download PHPS5N03T pdf datasheet, MOSFETs

B PHB55N03T DATASHEET - TrenchMOS transistor Standard...
datasheetiu com > datasheet-pdf/NXP/PHB55N03T.. 2id
NXP Semiconductars Electronic Components Datasheet PHB35N03T Datasheet. TrenchMOS
transistor Standard level FET.

Ero moxHO HaliTu B mHTepHeTe. JlocTaTOYHO BOMTH B TOMCKOBYIO CHUCTEMY (ppasy «MapKUpOBKa
komnoHeHTa datasheet». Hanpumep, B Hamem ciaydae Ooyzaer «5S5NO3T datasheet». MapkupoBka (mim
4acTh €€) HAHOCHUTCS Ha KOPILyC 2JEKTPOHHOTO 1eMeHTa. CylecTByeT MHOKECTBO CAUTOB- KaTajaoroB
AJIEKTPOHHBIX KOMIOHEHTOB. Kak mpaBwuio, maramwmthl npuBonsatcs B ¢opmare PDF. 3akanumpas,
OTMETHM, YTO WHOT/AA OQHUIHATBHBIE JOKYMEHTBI MOTYT COJIEp>KaTh HEKOTOpbIe HETOYHOCTH. [1oaTOMY
XOpoII0 Obl CKa4aTh Pa3HbIe JATALIMThI OJHOTO U TOTO K€ KOMIIOHEHTAa U CPAaBHUTD.
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UNIT 2
Pasznen 3 MoHTax u cOOpKa CpeHEl CII0KHOCTH y3J10B, OJIOKOB, IIPUOOPOB PaJHOICKTPOHHON
anmapatypsl. Tema 3.1 DieMeHTHI U Y376l PaIUOAIEKTPOHHON anmaparypsl

PRACTICAL MATERIAL
TEXT 3 MAIN COMPONENTS OF A CIRCUIT (Resistors)

Now any circuit consists essentially of a combination of resistance, inductance and capacitance
with one or more sources of electromotive force. Let us consider these main components of a circuit. At
first let us speak about resistance and resistors. The property of “opposing” or weakening the current is
called electrical resistance. Georg Ohm in the early part of the 19th century performed a series of
experiments which established the law connecting voltage and current.

Symbolically, Ohm’s law is often written: R = U/I

Resistance equals voltage divided by current. The unit of resistance is the Ohm. An ohmmeter is
used to measure the value of resistance in a circuit. Different materials have different resistances. All
substances may be divided into three groups according to their resistivities: conductors, semiconductors
and dielectrics or insulators. A good conductor is a material of low resistivity. An insulator is a material
of very high resistivity. The resistance of a conductor depends on a) the length, b) the cross-sectional
area, c¢) the material of the conductor and its temperature. A resistor is a device employed to limit the
value of current. Resistors may be fixed or variable. Fixed resistors have a constant value. The value of
variable or adjustable resistors may be varied. A rheostat is another type of a variable resistor.

Active Vocabulary

1. adjustable resistor - pe3uctop nepeMeHHOro 15. length - amuHa

COIPOTUBIICHUS 16. to measure - u3mMepsTH

2. capacitance - eMKOCThb 17. t0 OpPpOSe - CONPOTUBIIATHCH,

3. to consist of - cocTosTh U3 POTUBOICHCTBOBATH

4. cross-sectional area - ruromaap B 18. to perform an experiment - mpoBOIUTH
MIOTIEPEYHOM pa3pese OITBIT

5. to depend on - 3aBuceTh OT 19. resistivity - yaenpHOE CONPOTHUBIICHUE
6. to divide - nenuTh; pas3aensaTh 20. semiconductor - mosynpoBOAHUK

7. electromotive force - anexTpoaBrKyIIas 21. series - cepus, psn

cuina 22. S0Urce - UICTOYHHK

8. to equal - paBHsATBHCS 23. substance - BemecTBO

9. essentially - mo cymiectBy 24. unit - equHKIA

10. to establish - ycranasnmuBats; yupexaaTh 25. value - 3HayeHNEe; BETUYMHA

11. fixed resistor - pe3ucTop NOCTOSIHHOTO 26. variable resistor - perynupyemoe
CONPOTHBIICHHS CONPOTHBIICHHE, TIEPEMEHHBINA PE3UCTOP
12. insulator - uzomsTop 27. t0 vary - u3MEHSTbCS

13. inductance - HHIYKTHUBHOCTb 28. voltage - HanpspkeHue

14. law - 3akoH 29. to weaken - ocnabnaTh

Exercise 1. Answer the next questions

1. What main components does a circuit consist of? 2. What’s electrical resistance? 3. What is the unit
of resistance? 4. Is an ohmmeter used to measure the value of resistance? 5. Into what groups may all
substances be divided according to their resistivities? 6. What substance is called a good conductor? 7.
What does the resistance of a conductor depend on? 8. Have insulators a very low or high resistance? 9.
What two types of resistors do you know?
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Exercise 2. Find suffixes in nouns. Translate the new noun

to resist - resistance - resistor; to insulate — insulator; to - conduct — conductor - conduction; to depend
— dependence; to discover - discovery; to produce — production; to equal — equality; to consider -
consideration; to measure - measurement; to improve - improvement; to invent - inventor - invention.

Exercise 3. Group the couple of synonyms
1. substance a) chief; 2. main b) to change; 3. to use c) to regulate; 4. fixed d) to produce; 5. to make e)
stable; 6. to adjust f) material; 7. to vary g) to employ

Exercise 4. Fill in the blanks in the next sentences, choosing one of the three

words related to the meaning. Translate the sentences into Russian

1. Current passes through . . . with great difficulty. a) conductors; b) insulators; c) metals. 2. Fixed
resistors have a.. . . value. a) varied; b) constant; c) changeable. 3. The value of a.. . . is varied. a) variable
resistor; b) fixed resistor; c) very stable resistor (BeicokocTabunbtoe conpotupienue) 4. Current equals
... divided by resistance. a) resistivity; b) inductance; c) voltage. 5. A . . . which is a good insulator at
low temperature may be a good conductor at high temperatures. a) property; b) substance; c) source. 6.
An ohmmeter is used to . . . the value of resistance in a circuit. a) divide; b) measure; ) transmit. 7. An
engineer must know physical and mechanical . . . of materials. a) components; b) achievements; c)
properties. 8. Mendeleyev discovered the periodic. . . . a) application; b) unit; ¢) law.

Exercise 5. Use the verbs given in brackets in the necessary form of Active Voice
1. A rheostat (to be) a resistor whose resistance value may be varied. 2. Last week they (to make) many
experiments. 3. Any circuit (to consist of) a combination of resistance, inductance and capacitance. 4.
Next week he (to demonstrate) this new device. 5. Popov (to invent) the first radio-set. 6. A resistor (to
be) a device to limit the value of current. 7. An ohmmeter (to measure) the value of resistance in a circuit.
8. Resistance (to equal) voltage divided by current.

Exercise 6. Open the brackets and use the Participle Il

1. The work (to do) by these scientists resulted in many new discoveries. 2. A new transmitting station
(to build) in our region is very powerful. 3. The phenomenon (to study) by this engineer is of great
importance for our work. 4. Radio waves (to radiate) by the antenna travel in all directions. 5. The
experiments (to make) by him were very useful for our work. 6. New measuring instruments (to develop)
in this laboratory will be used in this experiment. 7. A device (to employ) to limit the value of current is
a resistor. 8. The antenna receives only a small part of energy (to radiate) by the transmitter.

TEXT 4 A CAPACITANCE AND CAPACITORS

Resistance and resistors were discussed in text 4. In this text capacitance and capacitors will be
considered. If two conductors are separated by an insulating space and a charge is given to the plates,
the opposite sort on each side, then a potential difference exists between the plates. The two plates,
together with the insulating space, have capacitance. Devices which have the ability to condense the
charge are called condensers or capacitors. The simplest condenser consists of two plates separated by
an insulator. Its capacitance depends on its shape, size and material. Every condenser does not consist
merely of two plates, there may be very many, but they are connected together in such a way that one
group is separated from the other by the dielectric. In practice the most common types of dielectrics are:
air, mica, paper, plastics, etc. Two common types of condensers are in use nowadays: a fixed condenser
and a variable one. There are three quantities which can be varied: the plate area, the distance between
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the plates and the dielectric. The basic unit of capacitance is the farad. The farad (F) is too large a unit
for practical purposes and the practical units in use are the microfarad (mF) and the micromicrofarad
(mmF), sometimes called the picofarad (pF).

Active Vocabulary

. ability - coco6HOCTB 9. purpose - HamepeHue; 1eib

. charge - 3apsin 10. quantity - koiaM4YecTBO; BEIMYMHA
. COMmMON - 001EN3BECTHBIN; OOBIYHBIN 11. to separate - oTnensATh, pa3aeisTh
. to insulate - uzonupoBath 12. side - cropoHa

. merely - TonbKo, IPOCTO 13. size - pa3mep

. mica - cmoa 14. shape - popma

. plate - mractuna; ookmaaka (KOHIEHCATOPA) 15. space - mpocTpaHCTBO

. potential difference - pasHocTs moTeHIHATOB

0O ~NOoOOoTh WwN P

Exercise 1. Answer the next questions

1. What devices are called condensers? 2. What does the simplest condenser consist of? 3. What does
the capacitance of a condenser depend on? 4. In what way are the plates of a condenser connected
together if a capacitor consists more than of two plates? 5. What are the most common types of
dielectrics? 6. What types of condensers are in use nowadays? 7. What quantities can be varied in a
condenser? 8. What is the basic unit of capacitance?

Exercise 2. Translate the next verbs considering the prefixes

reproduce, repay, recreate, remark, reform, retell, rebuild, reconstruct, readjust.

Exercise 3. Find the Russian equivalents for the English words and word
combinations

1. device a) ocmabnate; 2. Size 6) cimona; 3. charge B) motok; 4. potential difference
r) 3apsm; 5. exist x) anexkrpoaswkyias cuia DJIC; 6. mica e) cyiiecTBoBaTh; 7.
electromotive force x) ycrpotictBo, mpubop; 8. flux 3) pasnocts norenimanos; 9.
weaken u) BeinuuHa, pasmep

Exercise 4. Fill in the blanks un the sentences choosing the one from three words
related to the meaning. Translate the sentences

1. The unit of measurement of . . . is the Ohm. a) capacitance; b) resistance; c) conductor. 2. The . . . of
capacitance is called the farad. a) device; b) pole; ¢) unit. 3. The main parts of a . . . are metal plates and
insulators. a) resistor; b) amplifier; c) capacitor. 4. The . . . of a variable capacitor move. a) insulators;
b) plates; c) units. 5. Both electromotive force and . . . are measured in volts. a) resistance; b) potential
difference; c¢) capacitance. 6. The plates of a . . . cannot be moved. a) variable
capacitor; b) fixed capacitor; c) insulator. 7. Capacitance is the . . . of a circuit that opposes any change
of voltage in a circuit. a) property; b) application; c) source. 8. A fixed capacitor has . . . produced of
paper, mica and other materials. a) insulators; b) plates; c) oscillators.
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Exercise 5. Change the sentences from Present Indefinite Passive into Past
(Future) Indefinite Passive.

1. Fixed capacitors are used in telephone and radio devices. 2. Automatic devices are made in our
laboratory. 3. The plates of a condenser are separated by an insulator. 4. Scientific reports are published
in our magazine. 5. The two parts of a magnet that show the strongest magnetism are called the north
pole and the south pole.

Exercise 6. Use the verbs in brackets in Present, Past uwau Future Indefinite
Passive Voice

1. This phenomenon (to study) by a group of scientists two months ago. 2. A device which has the ability
to condense a charge of electricity (to call) a capacitor. 3. A new transmitting station (to build) in this
region next year. 4. Copper (to use) to produce wire conductors. 5. Yesterday a very interesting
experiment (to make) in our laboratory. 6. The properties of silver (to discuss) next week.

Exercise 7. Use the verbs in brackets in Present, Past, Future Indefinite Active or
Passive Voice

1. Every student knows that an insulator (to call) a dielectric. 2. The engineer (to find) practical
application of these circuits, the results were good. 3. The simplest condenser (to consist) of two plates
separated by an insulator. 4. These three quantities (to measure) in our experiment next week. 5. Radio
(to invent) in Russia. 6. When the current is small, a galvanometer (to use). 7. They (to measure) these
quantities tomorrow. 8. This young engineer (to make) a new device and we used it in our experiment.

Exercise 8. Ask questions to the marked parts of the sentence

1. Devices which have the ability to condense the charge are called condensers. 2. An ohmmeter is used
to measure the value of resistance in a circuit. 3. The proton was discovered by Rutherford. 4. Many
technical problems will be solved by Russian scientists in the near future. 5. Electromagnetic waves
are used in radio and television transmission. 6. A rheostat is used to change resistance of circuits,
and in this way to vary the value of current. 7. The theory of radio-transmitting and radio receiving
devices was improved by Russian scientists. 8. Amplifiers are used when we want to make signals
bigger.

TEXT 4B CAPACITANCE AND CAPACITORS

Exercise 1. Read the text trying to understand the point of it

Capacitance is the property of a circuit which makes it possible to store* a charge of electricity.
Capacitance is a very important property of electrical and electronic circuits. Without capacitance radio
and television could not exist. A capacitor is a device which has the ability to store a charge of electricity.
When we speak of a capacitor we mean a system of two conductors which are insulated from one another.
The main parts of a capacitor are metal plates and insulators. The simplest capacitor or condenser
consists of 2 plates separated by an insulator. There are two common types of capacitors: a fixed
capacitor and a variable one. The capacitance of a condenser is measured in farads.

Notes
* to store - HakaIUIMBAaTh, 3aI1acaTh
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Exercise 2. Answer the questions

1. What property of a circuit is called capacitance? 2. Why is capacitance a very important property of
electrical and electronic circuits? 3. What device is called a capacitor? 4. What are the main parts of a
capacitor? 5. What does the simplest capacitor consist of? 6. What are the common types of capacitors?

Exercise 3. Finish the sentences choosing one of the given variants which
matches the text point

1. Capacitance is the property of a circuit which makes it possible a) to store a charge of electricity; b)
to reduce the current in the circuit; c) to increase the voltage output. 2. The main parts of a capacitor are
a) insulators only; b) metal plates and insulators; c) metal plates only. 3. Capacitance is a very important
a) function of the electric and electronic circuits; b) part of any circuit; ¢) property of electrical and
electronic circuits. 4. When we speak about a capacitor we mean a) a combination of 2 resistors; b) a
system of 2 electric cells, ¢) a system of 2 conductors insulated from one another.

Exercise 4. Retell the text using the next words and group of words

Capacitance, a property of a circuit, to store a charge of electricity, property of electrical and electronic
circuits, a system of 2 conductors insulated from one another, the main parts of a capacitor, two types of
capacitors, a fixed capacitor, a variable capacitor, to measure in farads.

TEXTS5 INDUCTANCE AND INDUCTORS

If a piece of wire is wound into a coil it is found that when a steady voltage is applied across it, the
current does not immediately reach its final value but slowly builds up the final value. The property of
the coil which gives rise to this phenomenon is called its inductance, for which the symbol L is used.
Elements of a circuit with a definite value of inductance are coils of wire called inductors. The practical
unit of inductance is the Henry. Most inductors are rated in millihenries and in microhenries. The
inductors may be variable or adjustable and fixed. In modern electronic equipment the variable inductors
have a powdered-iron core* that can be moved in and out of the coil. As this powdered-iron core is
moved further into the windings the lines of magnetic force become more concentrated and increase the
inductance. Powdered-iron core inductors are used as antenna coils (often also serve as the antenna),
primary and secondary windings of i.f. transformers, etc. Fixed inductors may have either air or iron for
cores. lron-core inductors are very heavy. Air-core inductors are generally used as antenna coils,
primaries and secondaries of some i.f. transformers.

Notes:
*powdered iron-core - cep/IeYHHUK U3 IPECCOBAHHOTO MOPOIIKOBOIO JKeJIe3a.

Active Vocabulary

1. to apply a steady voltage - monaBatb 8. immediately - HemeIeHHO, TOTYAC
MOCTOSTHHOE HaIpsDKEHHE 9. to increase - yBenu4nBaTh, yCUIUBATH

2. coil - karymka 10. to move - nBuratb(cs)

3. COre - cepAeYHHK 11. piece - kycok

4. either...or-wmm. .. um 12. primary winding - nepBu4Hasi 00MOTKa
5. equipment - o6opyroBaHue 13. secondary winding - BropuuHast 0OMOTKa
6. to give rise to - Be3bIBaTH (4TO-1100) 14. to serve - ciyXuTh

7. 1.T. transformer - Tpancdopmarop 15. to wind - HamaTBIBaTH

MPOMEKYTOYHOM YaCTOTBI
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Exercise 1. Modal Verbs and their equivalents. Translate the sentences
considering the modal verbs

1. All substances may be divided into conductors, semiconductors and insulators. 2. Atoms must be used
for peace. 3. For a long time scientists could not discover the secret of the atom. 4. They were allowed
to take part in this discussion. 5. I think that I shall be able to explain this phenomenon. 6. You mustn’t
take these materials. 7. They will have to listen to this lecture. 8. There is hardly any sphere of life where
the atom may not find useful application. 9. Every radio engineer ought to know the fundamentals of
radio engineering. 10. This important information should be transmitted as soon as possible. 11. The
inventor is to come at 10 o’clock in the morning.

Exercise 2. Answer the next questions

1. What is called an inductor? 2. What is the unit of practical inductance? 3. What types of inductors do
you know? 4. What types of cores are used for inductors? 5. In what way can you increase the inductance
of a variable inductor? 6. Are inductors used as antenna coils, primaries and secondaries of i.f.
transformers?

Exercise 3. Make adverbs from adjectives
slow, wide, general, simple, great, deep, complete, negative.

Exercise 4. Find Russian equivalents for English ones

1. give rise to smth a) o6opynoBanwue; 2. wire 6) sBienue; 3. steady B) HamarbiBath; 4. powder r)
MIOCTOSIHHBIN, Hem3MmeHHb; 5. wind (wound, wound) na) mocturats, moxomuTh, 6. reach e)
TpaHcdopmaTop; MPOMEKYTOYHON 4acTOThI/. equipment ») mpososoka; 8. phenomenon 3) BI3bIBATH
gyro-nmu6o; 9. i.f. transformer u) nopomoxk; 10. powdered iron-core k) cepeYHUK M3 MPECCOBAHHOTO
MOPOIIIKOBOT'O JKeie3a

Exercise 5. Find the antonyms (a, b, ¢) to the underlined words

1. The primary question. a) principal, b) different, ¢) secondary. 2. A constant value. a) variable, b) high,
c) low. 3. Similar problems. a) well-known, b) different, c) important. 4. The same conductors. a)
different, b) similar, c) good. 5. Modern electronic equipment. a) new, b) old, c) good.

Exercise 6. Change the Russian words with English ones and translate them into

Russian

1. The core (moxno) be moved in and out in variable inductors. 2. Last summer we (mpezacrosuio,
nosokael) to take part in the construction of a new building of our Institute. 3. Radioactive elements
(moxxno) be widely used in medicine, agriculture and other fields of scientific research.
4. Theory (ue moxket) exist alone without practice. 5. You (momkusr) know the properties of this metal
well. 6. He (Beiny>xaeH, mpurniocs) to stay at the Institute yesterday.

Exercise 7. Translate the sentences into English

1. MuI AOJIKHBI 3aKOHYHUTH 3TOT 3KCICPUMCHT YCpPC3 2 Meci1a. 2. COHpOTI/IBJIeHI/Iﬂ MOTYT OLITH
NMOCTOAHHBIMHA U IICPECMCHHLIMHU. 3. Fepu CMOT" 10Ka3aTh CYIICCTBOBAHUC JJICKTPOMATrHUTHBIX BOJIH. 4.
Bam NpUuACTCA HMCIIOJIBb30BATL 3TOT HpI/I60p. 6. Mu1 3HACM, 4YTO TCOpHA HC MOKET CYHICCTBOBATH oe3
IIPpaKTUKH
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THEORETIC MATERIAL

TEXT 6 KLYSTRONS. KLYSTRONS AMPLIFIERS

Klystrons are designed to produce high-power microwaves from a relatively low-power input. These
tubes consist of a beam tube with two toroidal resonator cavities. The tube has a cathode and anode that
are set up to produce a high-energy electron beam. An RF signal is introduced into the left hand cavity
and, in turn, modulates the electron beam. The modulated electron beam resonates in the right hand
cavity and generates a modulated microwave output. These tubes are commonly used on military radar
sets. Fig. 1. Klystron cross-

section

Introduction

Klystrons  are  amplifier

microwave tubes, designed

mainly for use at high

frequencies from about 0.3

GHz to approximately 30 GHz.

They are characterized by high SR pamD
gains (around 50 dB) and high A/ QG collector
output powers: Load o
« 3 kW CW tunable from 14 to °*# (P ! Oulput cavity
14.5 GHz with efficiency # = Yindow Cavity lips
40%, ;s : Cavity (5)

« 60 MW with 4 ps pulses at 3 EuR: =
GHz (77 — 38%), Electromagnet

* 1.3 MW CW at 352 MHz Drift tube (4)
RF input (P,)

Tunning system (5)

with # going up to 65%,
* 500 kW CW at 3.7 GHz with

n = 45%.
Ancde \
However, almost all Kklystron / Cathode

Electron beam

instantaneous bandwidths are HV isolator / \
fairly limited. In a klystron FK F
(Fig. 1.), the main functions »
) HV connections
are separated, which means ( F: flament, FK: filament and cathode)
that design and technology factors can be optimized for each function. These functions are the electron
emission, the magnetical beam focusing, the electron bunching or the beam density modulation, the
extraction of the microwave energy and, lastly, the dissipation of residual energy.

Interaction in a Klystron: Modulations and Energy Extraction

Thanks to a high voltage -VO applied to the cathode in regard the anode, a Pierce type electron gun
generates an electron beam which carries the current 10 = PV03/2 according to (1.2) and which is
maintained approximately cylindrical thanks to a magnetic field Bz(z) over the entire length of the tube.
After leaving the anode, the electrons travel across the first cavity, or the input cavity. This cavity is
excited by the weak input signal Pd which is to be amplified and whose frequency f is about f 0, the
cavity’s resonance frequency. This cavity is designed to resonate at its fundamental mode TM110
(rectangular) or TMO010 (circular) with a maximum electric field E1 at the center where the electrons
pass. Moreover, this electric field is increased by the fact that the drift tubes, placed on both sides of the
cavity, are reentrant (Fig. 2). Electrons traveling across this narrow gap of the cavity are under action of
the periodic electric field Elejwt. They are accelerated for a half of period and decelerated
for the other half (Fig. 3). Consequently, the fast moving electrons from a given half-period catch up
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with slow moving electrons from the preceding half-period, resulting in the creation of electron bunches.
In other words, the velocity modulation produced in the first cavity creates a beam current modulation
in the following drift tube, which is expressed as Ib(z,t).

Fig. 2. Beam modulation along  electron
a klystron

Klystrons Engineering and
Technologies

This presentation of different
steps of the interaction in a -
klystron  allows us to .
understand  the  klystron N\ drift tube
structure which is designed

around the electron beam on

one hand and the cavities and

the drift tubes on the other

hand. From a technological

point of view, as shown in

Fig. 1, the constitutive

elements of the klystron tube ]|
are: 0 L Lyd, z

* The Pierce type electron gun, especially with the high voltage insulator and the cathode. The high
voltage insulator is a cylinder made of alumina located between the anode and the cathode. Its
dimensions are such that the DC electric fields are smaller than the breakdown limit. The electron
emissions from the triple point are minimised thanks to a screen, called anticorona ring. The anode is
grounded for electrical safety reasons, explaining why the gun and the cathode are usually raised to a
negative voltage;

» The modulating cavities (usually frequency tunable in a factory);

*The last or output cavity coupled to the output waveguide thanks to a coupling loop or iris;

*The output window(s) which is located in the waveguide(s) and which separates the external
atmosphere from the internal vacuum (=10-8 Torr) inside the tube. The drive power to be amplified is
usually injected inside the first cavity through a coaxial connection which is also vacuum tight thanks to
a small input window;

*The collector whose function is to collect the electrons after their interaction in

the last cavity and to dissipate their remaining energy. Moreover, it must be able to dissipate the whole
electron beam energy, when Pd = 0 and then POUT = 0.

Therefore, it has to be efficiently cooled. The collector is usually at the same potential than the body or
the anode;

*The magnetic circuit including an electromagnet, or permanent magnet(s), and the two pole pieces
located near the anode and between the collector and the output cavity. These pole pieces concentrate
the magnetic flux to get the required focusing BZ parallel to the axis (BR/BZ better than several %o).
The vacuum is usually maintained thanks to a small ion getter pump. However, this pump is not always
necessary, because the beam itself has also a pumping function. The accelerated electrons ionize the
residual gases. Then the generated ions are electrically attracted by the beam and slowly drained toward
the cathode.
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TEXT 7 CATHODE RAY TUBES (CRT). PHOTOSENSITIVE TUBES

We have all watched TV or sat staring at the screens of our computers. The displays for these devices
are actually large vacuum tubes, referred to as a cathode ray tube or CRT. The CRT has a cathode grid
similar to an ordinary vacuum tube, except that the geometries are designed to produce an electron beam.
The beam is directed through a set of focusing plates and finally through an acceleration plate. The result
is a high-energy, focused electron that impinges on a coated screen. The coating fluoresces at any point
where the beam hits. By sweeping the beam both vertically and horizontally and turning it on and off at
precisely timed intervals, an image can be generated on the screen. We have here a commercial CRT of
the type that might be found in an oscilloscope.

Photosensitive Tubes
Certain materials exhibit the characteristic of emitting electrons when exposed to light. In the case of a
photosensitive vacuum tube electrons are ejected as light impacts the cathode. If a bias voltage is applied
across the cathode and anode, then current flows when the tube is exposed to light and doesn’t flow
when it is in the dark. Similarly, the rate of electron flow can be controlled by the amount of light to
which the tube is exposed.

Cathode Ray Tubes (CRT)

Magnetic Deflection Electrostatic Deflection

AN

Electron Gun V/// Electron Gun

Magnetic Deflection

. L Screen ] Screen
Fig. 1. Basic principles of magnetic and electrostatic deflected Cathode Ray Tube

There are only a very few inventions in the modern world which changed the way of life so dramatically
like the Television did. Almost no other means opened the eyes of so many million people to the world.
The Cathode Ray Tube as the key component is still the magic focus point of countless people every
day and night.

Historical Development

If in the year 1897 Ferdinand Braun, the inventor of the Cathode Ray Tube, would have asked a banker
for any amount of venture capital to finance the development of the “future billion pieces display”, very
most likely he would have exposed himself to ridicule. Hundred years later still more than hundred
million CRT’s are manufactured every year. Despite the upcoming of flat panels in the beginning of
twenty first century with reasonable quantities, the vast majority of all displays used worldwide
are still using the same basic principle of Mr. Braun’s invention. Countless publications on all kind of
CRT details were made; gives an excellent review of CRT technologies with a lot of further references.

SNENENENANTNN NN NN NN NN N NN NN N NN NN NN N N NN NN NN NN NN NN NN N NN NNNT

SNPNPNNINN NN NN PN NN NN NN N NN NN NN NN NN N NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN



v/ S S S S S S S S S S S S S

NN NN NN S S SN S NS S NS S NS NS

TEXT 8 GAS DISCHARGE LAMPS

Fig. 1. Temperatures of electrons and neutral gas as a function of gas pressure

A gaseous discharge (plasma) is
obtained by driving an electric
current between two adjacent
electrodes through a partially
ionized gas enclosed in a discharge
tube, typically made of quartz. Also,
pulsed discharges with a dielectric
barrier between the electrodes and
the plasma are used for plasma
display applications. Also,
electrodeless microwave excited
discharges can be used as light T T T T T
sources. Many physical factors ‘ 10° 10t 10 1ot 16 0
influence the electrical and light Pressure (Pa)

technical properties of a gas discharge, such as the type and pressure of the gas, electrode material,
operating temperature of the electrodes, shape and surface structure of the electrodes, electrode distance,
geometry of the discharge vessel, and current density. For the purpose of light generation, two basic
types are distinguished: low-pressure and high-pressure discharge lamps. For lighting applications, both
are operated in the arc discharge mode, which is characterized by high current densities, more than 1
Alcm2. Electric currents are limited by using inductances or electronic ballasts. In low-pressure
discharge lamps, the gas pressure is typically less than 100 Pa. Consequently, the mean free path length
of electrons is larger or in the order of the discharge tube diameter, e.g. a few cm. Under these conditions,
they gain high energies of more than 1 eV from the applied electric field due to low collision rates with
the neutral gas atoms. Finally, the cold atoms are effectively excited by inelastic collisions with the hot
electrons. The temperature difference of electrons and atoms reflects the situation of non-thermal
equilibrium, as shown in Fig. 1. In high-pressure discharge lamps the operating pressure is typically in
the range between 10 kPa and 10 MPa. Under these conditions, collisions between electrons and atoms
or ions are much more frequent, and a local thermal equilibrium (LTE) with close by or equal particle
temperatures is established. In low-pressure gas discharge lamps, atomic line radiation is emitted
preferably from resonance transitions of the element with the lowest excitation potential. For mercury
these transitions are in the deep UV wavelength region at 185 nm and 254 nm, whereas from sodium
visible radiation at 589 nm is emitted. In high-pressure discharge lamps various contributions to the
spectrum are obtained: spectrally broadened atomic lines (resonance-, Van der Waals- and Stark
broadening), molecular radiation bands and quasi-continuous emission due to free free (Bremsstrahlung)
and free-bound (recombination of electrons with ions and atoms) transitions. As a result, the colour
rendering properties of high-pressure discharge lamps are fair to excellent, depending on the type of
filling.

Temperature (K)

Review of Gas Discharge Lamps

The light sources differ with respect to the emission spectra and application fields. Luminescent
materials are applied for conversion of UV-radiation into visible light for low-pressure mercury, sodium
and xenon excimer lamps.
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TEXT 9 PLASMA PANEL DISPLAYS (PDP)

Plasma Displays, an emissive flat panel technology combined with a relative large pixel size, are highly
suitable for computer data, images and video heading public information, presentation and TV sets.

Historical Development

Electrical discharge in gases is one of the oldest known phenomenon to produce light. Around 1900 this
effect became understood as electron beams. Gas discharges are the basis of devices like gaseous triode,
rectifying tubes and surge arresters. They break up neutral atoms or molecules into ions and electrons,
this state is called plasma — often named as fourth state of matter. An often unknown fact is that the first
display application of plasma was the NIXIE tube, as briefly described in the historical development of
vacuum displays (Sect. 2.1.1). The technology of plasma displays was invented in the early 1960s, being
commercialized about 10 years later with monochrome displays using the orange-red emission of neon
gas. Plasma phosphors are based on oxides, while CRTs rely on sulphides.

Colour PDPs

were introduced around 1995, while mass production started 5 years later. The most widespread screen
size was 42 (1.06 m) with an aspect ratio of 16:9 and WVGA (832 x 480) resolution. Nowadays
(2007) PDPs address the HDTV market. In the mid 1990s plasma driven LCDs were developed but
never became a product.

Electrophysical Fundamentals

The basic principle of all plasma displays is to discharge and generating a glow by exciting ions that
collide with each other. This effect is also the basis of fluorescent neon tube lighting. If a voltage is
applied to a capacitor within a tube filled with a low-pressure gas, several states can occur. At low
voltages the gas acts as insulator. By increasing the voltage, a breakdown occurs, the gas becomes
ionized and the current through the tube increases by some orders of magnitude. This current has to be
limited for display applications.

The waveform of the driving signal to generate the plasma is the main categorization characteristic.
Plasma devices can be driven either by directed (DC) or alternating (AC) current. DC electrodes interface
directly with the gas, while AC electrodes, to enhance their lifetime, are shielded by dielectric
films from the plasma. The electrodes form, in the simplest case, a capacitor with gas in between the
plates. When they are covered by a dielectric, charges can be stored on theses films forming a capacitor
— it results in the memory type. However, there is no plasma display technology available which uses
the DC memory effect. Another advantage of the ‘internal” capacitor is the limitation of the breakdown
current when igniting the plasma. The refresh type uses a resistor in series to the pixel capacitor; one DC
application was the NIXIE tube. For typical luminance required in applications, the dot matrix refresh
types are limited to around 200 lines, which is too small for computer or video applications.
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TEXT 10 THYRISTORS

Fig. 1 Typical SCR Packages
Thyristor (SCR) Packages
Thyristor is a general name for a number of high speed
switching devices frequently used in AC power control and
AC/DC switching, including triacs and SCRs (Silicon
Controlled Rectifiers). The SCR is a very common type of
thyristor and several examples of common SCR packages are
shown in Figure 1. Many types are available that are able to
switch loads from a few watts to tens of kilowatts. The circuit
symbol for a SCR is shown in Figure 2. and suggests that the
SCR acts basically as a SILICON RECTIFIER diode, with ‘
the usual anode and cathode connections, but with an additional CONTROL terminal, called the GATE.
Hence the name Silicon Controlled Rectifier. A trigger voltage applied to the gate whilst the anode is
more positive than the cathode will switch the SCR on to allow current to flow between anode and
cathode. This current will continue to flow, even if the trigger voltage is removed, until anode to cathode
current falls to very nearly zero due to external influences such as the circuit being switched off, or the
AC current waveform passing through zero volts as part of its cycle.

Fig. 2 Typical SCR Construction & Circuit Symbol

The Silicon Controlled
Rectifier (SCR)
SCRs, unlike normal two-layer PN Cathode
junction rectifiers, consist of four
layers of silicon in a P-N-P-N structure,
as can be seen in the cut-away view of
a SCR in Fig 2. The addition of the gate Anode
connection to this structure enables the ~ (Base Plate) '
rectifier to be switched from a non- ‘
conducting ‘forward blocking' state into
a low resistance, ‘forward conducting'
state (see also Fig. 3). So, a small
current applied to the gate is able to p—
switch on a very much larger current (also at a much higher voltage) applied between anode and cathode.
Once the SCR is conducting, it behaves like a normal silicon rectifier; the gate current may be removed
and the device will remain in a conducting state.

Mounting
Stud

The SCR is made to conduct by applying the trigger pulse to the gate terminal while the main anode and
cathode terminals are forward biased. When the device is reverse biased a gating pulse has no effect. To
turn the SCR off, the anode to cathode current must be reduced below a certain critical "holding current”
value, (near to zero).

A common application for SCRs is in the switching of high power loads. They are the switching element
in many domestic light dimmers and are also used as control elements in variable or regulated power
supplies.
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Fig. 3 SCR Characteristics
SCR Characteristics

Fig. 3 shows a typical characteristic curve for a
SCR. It can be seen that in the reverse blocking
region it behaves in a similar way to a diode; all

current, apart from a small leakage current is E;’,’:;’j;‘;,,g
blocked until the reverse breakdown region is Latching current

reached, at which point the insulation due to the \
depletion layers at the junctions breaks down. In
most cases, reverse current flowing in the e —
breakdown region would destroy the SCR. blocking blocking \
When the SCR is forward biased however, unlike region region
a normal diode, rather than current beginning to
flow when just over 0.6V is applied, no current
apart from a small leakage current flows. This is
called the forward blocking mode, which extends
to a comparatively high voltage called the 'Forward Breakover Voltage'. The SCR is normally operated
at voltages considerably less than the forward break over voltage as any voltage higher than the forward
break over voltage will cause the SCR to conduct in an uncontrolled manner; the SCR then suddenly
exhibits a very low forward resistance, allowing a large current to flow. This current is 'latched' and will
continue to flow until either the voltage across anode and cathode is reduced to zero, or the forward
current is reduced to a very low value, less than the 'Holding Current' shown in Fig. 6.0.3. However, the
forward break over conduction may occur if the SCR is being used to control an AC (e.g. mains or line
supply) voltage and a sudden voltage spike occurs, especially if it coincides with (or close to) the peak
value of the AC. If the SCR is accidentally pushed into the forward break over condition, this can
produce a sudden but short-lived surge of maximum current, which could prove disastrous to other
components in the circuit. For this reason, it is common to find that SCRs have some method of spike
suppression included, either within the SCR construction or as external components usually called a
'snubber circuit'. The correct way of triggering the switch on of the SCR is to apply a current to the gate
of the SCR whilst it is operating in the "forward blocking region’, the SCR is then "triggered” and its
forward resistance falls to a very low value. This produces a "latching current’, which, due to the low
forward resistance of the SCR in this mode, allows very large (several amperes) currents to flow in the
“forward conducting region” with hardly any change in the forward voltage (notice that the characteristic
curve, once the SCR is triggered is practically vertical). In this region current will flow, and may vary,
but if forward current falls below the "holding current” value or the anode to cathode voltage is reduced
to very near 0V, the device will return to its forward blocking region, effectively turning the rectifier off
until it is triggered once more. Using the gate to trigger conduction in this way allows conduction to be
controlled, allowing the SCR to be used in many AC and DC control systems.

JoAOYeaIg PIEMIOS

Holding current\

<

S

Gate pulse
applied

Reverse Breakdown

REV
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Fig. 4 The SCR "Two Transistor Model'

How the SCR Works

The SCR Two Transistor Model
The actual operation of the SCR can be

described by referring to Fig. 6.0.4 (a) & (b), !

: I k =
which shows simplified diagrams of the SCR (a) Four layer (b) Four layers as  (c) The two transistor

structure with the P and N layers and junctions construction two transistors model
labelled. To understand the operation of a SCR,

the four layers of the SCR can theoretically be thought of as a small circuit comprising two-transistors
(one PNP and one NPN) as shown in Fig. 6.0.4 (b). Notice that layer P2 forms both the emitter of Trl
and the base of Tr2, while layer N1 forms the base of Trl and the collector of Tr2.

The "Off* Condition

Referring to the Fig. 6.0.4(c), with no gate signal applied and the gate(g) at the same potential as the
cathode (k), any voltage (less than forward break over voltage) applied between the anode(a) and
cathode(Kk) so that the anode is positive with respect to the cathode will not produce a current through
the SCR. Tr2 (the NPN transistor) has Ov applied between base and emitter so will not be conducting,
and as its collector voltage provides the base drive for Trl (the PNP transistor), its base/emitter junction
will be reverse biased. Both transistors are therefore switched off and no current (apart from a tiny
reverse leakage current) will be flowing between the SCR anode and cathode, and it is operating in its
forward blocking region.

Triggering the SCR

When the SCR is operating in the forward blocking region (see the SCR characteristics in Fig. 3), if the
gate and therefore the base of Tr2, see Fig 4 (c) is made positive with respect to the cathode (also Tr2
emitter) by the application of a gating pulse so that a small current, typically a few pA to several mA
depending on SCR type, is injected into Tr2 base, Tr2 will turn on and its collector voltage will fall. This
will cause current to flow in the PNP transistor Trl and a rapid rise in voltage at Trl collector and
therefore at Tr2 base. Tr2 base emitter junction will become even more forward biased, rapidly turning
on Trl. This increases the voltage applied to Tr2 base and keeps Tr2 and Trl conducting, even if the
original gating pulse or voltage that started the switch on process is how removed. A large current will
now be flowing between the P1 anode(a) and N2 cathode(k) layers. The resistance between anode and
cathode falls to near zero ohms so that the SCR current is now limited only by the resistance of any load
circuit. The action described happens very quickly, as the switching on of Tr2 by Trl is a form of positive
feedback with each transistor collector supplying large current changes to the base of the other. As Trl
collector is connected to Tr2 base, the action of switching on Trl virtually connects Tr2 base (the gate
terminal) to the high positive voltage at the anode(a). This ensures that Tr2 and therefore Trl remain
conducting, even when the gating pulse is removed. To turn the transistors off, the voltage across the
anode(a) and cathode(k) must either have its polarity reversed, as would happen in an AC circuit at the
time when the positive half cycle of the AC wave reached 0V before going negative for the second half
of its cycle or, in a DC circuit the current flowing through the SCR is switched off. In either of these
cases the current flowing through the SCR will be reduced to a very low level, below the holding current
level (shown in Fig. 3), so the base emitter junctions no longer have sufficient forward voltage to
maintain conduction.
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Demonstrating SCR Operation

Because SCRs are normally used for controlling high power high
voltage loads, this presents considerable risk of electric shock to
users in any experimental or educational environments. The
circuits are designed to demonstrate the various control methods
used with SCRs using low voltage (12Vrms) AC as illustrated in
Fig. 5 rather than exposing the user to the dangers of using mains
(line) voltage. Note that the circuits shown in this module are
intended as low voltage demonstrations only, not as working
control circuits for mains (line) circuits. For real working
examples you should consult application notes produced by SCR
manufacturers. The section of the circuit containing the SCR (a
C106M SCR), together with a 33R current limiting resistor and
a 12V 100mA lamp is constructed on a small piece of Veroboard
(protoboard), which can be easily attached to a breadboard using

‘Blu Tack' or similar temporary adhesive, allowing various drive circuits to be constructed
experimentally on the breadboard. The SCR is supplied with AC via a double pole switch and a 230V
to 12V isolating transformer (a small medical isolation transformer is ideal) with a 250mA fuse in the

secondary circuit, all housed in a double insulated box.

A Dbridge rectifier is contained within a separate

connected across the output to ensure there is
always some load present. This ensures that output
waveforms of the 12V full wave rectified output can

insulated enclosure with a 1K8 wirewound resistor |
10230V, | g T
QJ
SWi1

be reliably displayed on an oscilloscope. These FROM SKTI

separate circuits, illustrated in Fig. 6 are simply
constructed and comprise a useful set for
demonstrating and experimenting with different
types of SCR or power supply operation at a low
voltage.

Fig. 5 Low Voltage SCR Supply

Fig. 6 Low Voltage SCR Supply Circuits
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O
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TEXT 11 SOLID STATE RELAYS

Solid State Relays

Low power solid state relays, consisting basically of an opto
triac circuit, such as the type illustrated in Fig.1 can be used
as conventional integrated circuits, mounted on a printed
circuit board. Alternatively these low power optocouplers
can be enclosed within an insulated case along with high
power triacs or SCRs and extra safety components, such as
heat sinks and pulse suppression components, in larger rack
mounted Solid State Relays (SSRs) with just four or five
screw type heavy duty terminals that can be treated as mains
(line) power switches and can replace

many types of electromechanical relays. N Channel enhancement mode
. power MOSFETS

pd
Fig. 3 MOSFET Solid State Relay Low Voltage ,Lr;l AC or DC
OC Input % Qutput

See Fig5.5.4
for
Connections

One of the most important features of

SSRs is for the optocoupling to provide phmlﬁzmic . é
complete electrical isolation between its unit F‘ -
low power input circuit and its high |
power output circuit. When the output switch is 'open’ (i.e. the MOSFETS are turned off) the SSR has
a nearly infinite resistance across its output terminals, and an almost zero resistance when ‘closed’ (i.e.
MOSFETSs conducting heavily). Even so, some power will be dissipated by the semiconductor switch
when in either 'on’ or 'off' state with either AC or DC currents. For this reason adequate heat sinks are
required to prevent overheating.

A typical circuit of a basic MOSFET SSR is shown in Figure 3. A current of about 20mA through the
LED is sufficient to activate the MOSFETS that take the place of mechanical relay contacts. The (infra
red) light from the LED falls on the Photovoltaic unit that comprises a number of photodiodes. Because
a single photodiode will only produce a very low voltage, the diodes in the photovoltaic unit are
arranged in a series/parallel array to produce

sufficient voltage to turn on the MOSFETS.

Fig. 4 Using a MOSFET Relay chip for
switching A.C. or D.C.

Figure 4 represents a basic example of a
MOSFET SSR, showing how the outputs can
be arranged to allow the SSR to switch either
AC or DC loads. A number of similar SSRs
are available to meet different AC and DC
output voltage and current requirements, a typical example is the PVT412SSR from International
Rectifier (now part of Infineon Technologies) manufactured in several versions as a 6 pin DIL package
and capable of replacing a single pole mechanical relay to switch AC or DC voltages up to 400V (peak)
with currents up to 140mA AC or 210mA DC. Other chips are available that act as double pole,
Normally Closed (NC), Normally Open (NO), and Changeover relays with a wide variety of extra
facilities. SSRs are also manufactured in a range of output voltages and current ratings, with a range of
package types ranging from small surface mount components through complex multi pin chips and

/\vAc Supply

5 o,
3] DC Supply

@] M= @] [[¥] [5]
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large heavy current examples for rack mounting in electrical control cabinets. More information on
SSRs can be found by searching for Solid State Relays on manufacturers websites such as Infineon
Technologies or at semiconductor suppliers such as RS Components

Fig. 5 Solid State Relay Safety Features
SSR Safety Features

SSRs consist basically of an optocoupler driving
some high power switching device such as a power
triac, MOSFETS or a SCR, but as their purpose is
to switch high power electrical loads, often in safety
critical situations SSRs are manufactured with a
wide variety of features, designed to allow for safe
and reliable operation. Some of these are illustrated
in the circuit shown in Fig 6.6.5:

LED
Current
Limiter

! " R5
[k B !I Sup
RC
| 1 Snubber

DIOdB
]R2 [ R4

() - [C Control Voltage == 0

Reverse Polarity Protection. If the input terminals  §5/s*  Over power frac
are connected in the wrong polarity, diode D1 Protection Protection

conducts and reduces the voltage at the bottom of

R1 to about 0.7V, thereby saving the optocoupler LED from damage. Note that the diode and the
current limiting resistor R1 power ratings must be able to withstand the reverse polarity current at
maximum input voltage without damage, otherwise a suitably rated input fuse may be inserted between

the input positive terminal and the current limiting resistor.

Over Current Protection. It is common for SSRs to be able to work from a range of DC input
voltages, for example 5v to 24V. These higher voltages can cause the current through the optocoupler
LED to rise higher than its required maximum, in this case the over current protection circuit operates
to maintain a suitable current level through the LED. R2 is a low value resistor for current sensing; it's
value is chosen so that under normal operating conditions Trl is biased just below its cut-off threshold,
but if the current through the optocoupler input LED increases due to an excessive input voltage, the
extra current through R2 will cause Trl to conduct, diverting some of the LED current through Trl
reducing the voltage at the bottom of R1 and the

current though the LED to a safe level. Reverse

_ i . Breakdown
Fig. 6 Transient Voltage Suppression Voltage

(Vis)
Transient  Voltage  Suppression  (TVS) ¥ (Vi)

Diode. SSRs used in control situations can be liable Veey I’ -
to damage caused by sudden and short lived (i.e.

transient) voltage spikes, which can be caused by Forward
external events such as back emf pulses when / Breakdown
switching inductive loads; also remote lightning Hfﬂﬁ:‘:ﬂ § V?LWE;“
discharges and other electromagnetic or I B
electrostatic discharges are high risk occurrences

for semiconductor devices. Such voltage spikes may be very short in duration but can be hundreds or
thousands of volts in amplitude, and although the current they create may be very small, the stress

caused by such voltages can cause total failure in the semiconductor devices used in SSRs. One way
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to reduce these dangerous events is the use of a transient voltage suppressor (TVS) diode connected in
parallel with sensitive devices such as the optocoupler as shown in Fig. 5.

Fig. 6 illustrates the action of the TVS diode and shows a sine wave output superimposed on the TVS
diode characteristics. The bi-directional TVS diode works rather like two back to back Zener diodes,
where above a certain reverse voltage, current breakdown occurs and the diode conducts heavily. As
the TVS diode in this case is bi-directional, breakdown occurs in both forward and reverse conditions.
In use, a TVS diode must have a breakdown voltage higher than the peak voltage of the AC wave,
which is 1.414 x Vrus S0 a TVS diode with a breakdown voltage about 1.5 times greater than the RMS
voltage of the sine wave is normally used. A voltage spike exceeding this limit causes the diode to
conduct heavily, limiting its voltage to the breakdown voltage of the diode. A notable difference
between a Zener and a TVS diode is that the TVS diode has a more rugged junction area, to cope with
the sudden heavy current rush during spike events. Once the spike is over however, the diode stops
conducting (apart from a small reverse leakage current) and has no further effect on the output wave
until any further spikes occur. TVS diodes are also available in single directional types that may also
be used in the input side of the optocoupler in SSRs using a DC input if there is high risk of spikes
occurring. However, because the DC input is usually fed from a smoothed DC power supply, this would
normally be expected to minimise the risk, therefore the use of TVS diodes across the input components
is rarely considered necessary.

L
Fig. 7 RC Snubber Circuits '
RC Snubber Circuits. These circuits provide a method of reducing
the damaging effect of spikes occurring on the AC mains supply, or R

the very large and fast voltage changes that can occur when an /! f:

inductive load is switched on or off (Commutated). With older types c

c
of triacs or SCRs this RC network (R5 and C1) is connected across ' | ) |

the output triac or SCR as shown in Fig. 5 and Fig 7. Its effect is to
slow the rapid increase or decrease of voltage during the spike. The use of a snubber circuit can also
reduce the radio interference caused by the triac or SCR switching. By choosing a suitable time constant
for R5/C1 the capacitor will not have time to charge as the spike voltage rises, before the voltage is
reducing once more and discharging the capacitor. In this way the amplitude of any fast voltage spikes
is reduced. Typical values for R would be about 39 to 100Q2 for R5 and 22 to 47nF for C1. The capacitor
would also need to be a pulse type having a very high maximum working voltage, much higher than
the peak value of the output wave, to allow for the added stress caused by any voltage spikes. The
design of snubber circuits is more complex however, than simply choosing typical R and C values, and
must take into account a number of factors that will be unique to the circuit or component the snubber
is protecting and to the loads the circuit may be driving. A useful application note on snubber design
and component calculator is provided on line by HIQUEL (High Quality Electronics).

Alternistors

Alternatively there are modern Triacs available, which can also be called "Alternistors” or “Alternistor
Triacs” that are much less prone to damage or random false triggering caused by fast transient voltages.
Several semiconductor manufacturers have their own range of devices, such as
the “Snubberlesstm” range  from ST Microelectronics or  the "Hi-Comtm” range  from WeEn
Semiconductors that are able to handle the voltage spikes as well as the fast dV/dt events encountered
during commutation (switch off) with inductive loads. The internal design of these triacs is different to
the original types, making them much better at handling the fast high voltage changes that can happen
as inductive loads are switched off, due to the phase difference between current and voltage in
inductors. In this case it is possible that when the triac switches off as the mains (line) current passes
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through zero volts, the mains voltage across the triac can be at its maximum value. While such events
in original triac designs could cause problems with uncontrolled re-triggering, this has been greatly
reduced in modern designs.

Advantages of SSRs against electromechanical relays

Because SSRs have no inductive coils or moving contacts they do not generate electromagnetic
interference.

. SSRs do not cause any potentially dangerous arcing.

. SSRs are silent in operation.

. SSRs are not subject to mechanical wear, so will potentially perform many more switching
operations than electromechanical relays (however either type may be designed to perform
more operations than is required during the lifetime of the equipment they are used in).

. SSRs do not suffer from contact bounce.

. SSRs have a faster switching time than electromechanical relays.

For switching AC, Zero Crossing SSRs are available that only switch on at, or close to the time
when the AC waveform passes through zero volts, so reducing the occurrence of voltage spikes
that occur if a circuit is switched on when the AC voltage is at a maximum.

. SSRs can be physically smaller than comparable types of electromechanical relays.

Disadvantages of SSRs against electromechanical relays

. When SSRs are switched on there is a measurable resistance between the output terminals,
therefore SSRs produce some heat as well as a voltage drop in their ‘on’ condition.

. When SSRs are in their ‘off” state, there is still a small reverse leakage current flowing in the
output. Unlike electromechanical relays, SSRs are therefore neither totally ‘on’ or ‘off’.
Therefore they may not be permitted for use under some safety regulations.

Because SSRs are able to switch on very quickly (in milliseconds) random interference spikes
in their input circuits or sudden fast voltage changes at their outputs can cause unwanted
switching of some SCRs or triacs.

Failure of an SSR will usually cause a short circuit (switch on) whereas failure in an electromechanical
relay will usually cause an open circuit (switch off). Because of this, using SSRs may cause some
concern in safety critical systems.
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TEXT 12 OPTO COUPLED DEVICES

Fig. 1 Transistor Optocouplers & Opto Sensors

Opto Devices & Photo transistors
Optocouplers or opto isolators consisting of a

combination of an infrared LED (also IRED or

ILED) and an infra red sensitive device such as

a photo diode or a photo transistor are widely used

to pass information between two parts of a circuit

that operate at very different voltage levels. Their

main purpose is to provide electrical isolation

between two parts of a circuit, increasing safety

for users by reducing the risk of electric shocks, and preventing damage to equipment by potential short
circuits between high-energy output and low-energy input circuits. They are also used in a number of
sensor applications to sense the presence of physical objects.

Transistor Optocouplers

The devices shown in Fig. 1 use photo transistors as their sensing elements as they are many times
more sensitive than photo diodes and can therefore produce higher values of current at their outputs.
Example 1 in Fig. 5.0.1 illustrates the simplest form of opto coupling consisting of an infrared LED
(with a clear plastic case) and an infrared photo transistor with a black plastic case that shields the
photo transistor from light in the visible spectrum whilst allowing infrared light to pass through. Notice
that the photo transistor has only two connections, collector and emitter, the input to the base being
infrared light. Examples 2 and 3 in Fig. 1 are typical opto coupled devices widely used as position and
proximity sensors. Fig. 2 The 4N25 Optocoupler

Example 4 in Fig. 1 is a 4N25 opto coupler in a 6 pin DIL [4]
integrated circuit from Vishay. It uses an output photo 5]
transistor with a base connection that is also connected to an hg [6] b
external pin for applying an external circuit if required. This

allows the opto coupler to have a DC bias applied to prevent the transistor from producing current at
very low light levels. Biasing the photo transistor can also enable it to be used with signals such as
analogue audio. In this case the emitter connection can be left unconnected and the base connection
used as an output, then the output photo transistor collector/base junction operates as a photo diode,
greatly increasing the frequency range of the opto coupler, but at the expense of greatly reducing the
available signal amplitude at the output. The 4N25 can also operate as a digital opto coupler with logic
1 and logic 0 inputs. The isolation between input and output on the 4N25 is a minimum of 5.3 kV.
Example 5 in Fig. 1 is aPC817 4 pin single channel opto isolator chip from Sharp, which uses an
integral infra red LED and a photo transistor to produce an output of up 50mA and provides electrical
isolation up to 5kV. It is also available in 2, 3 and 4 channel versions.
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Fig. 3 Basic Photo transistor Structure
Silicon Anti Reflective /' gpmitter
Photo transistors Dioxide(SO,) Contact

Fig. 3 shows the basic structure of a photo TN

transistor. However because the conversion from m{ﬂw &
light to current takes place in a transistor, the tiny \ Nt
current produced by a particular level of photon

input to the base can be amplified to produce a

collector current 200 times greater or more, \

depending on the hre of the transistor, making the \
photo transistor much more efficient than a

photo diode However, because of the large

junction area (and therefore much higher junction capacitance) of a photo transistor, its response at
high frequencies is poor, and the switching time is much slower, compared to a photo diode Also the
relationship between changes in light input and changes in output voltage is not as linear as in photo
diodes Consequently photo transistors, though less useful than photo diodes for high frequency data
transmission, are widely used in control applications such as opto couplers/isolators, and position
Sensors.

' - Depletion
Base P Collector N ™ Region

Collector Contact

Photo transistor Operation

In a photo transistor, light, in the form of photons is collected in the base layer, which occupies the
major part of the visible window on the top surface of the device, as illustrated in Fig. 5.0.3. The emitter
area is therefore reduced in size to maximize light absorption in the base. The conversion between
photons and current takes place largely in the depletion region around the base/collector PN junction
where photons absorbed via the anti-reflective layer into the base layer dislodge electrons to create
electron/hole pairs in a similar manner to that in photo diodes, but now the free electrons created by
this process are the source of base current in the transistor and are now amplified by an amount equal
to the hse of the transistor. The N type collector immediately beneath the depletion layer has a higher
resistance than the N+ layer next to the collector terminal. Because of this higher resistance close to
the PN junction, there is a large voltage gradient in the collector close to the base/collector junction.
This provides a higher positive voltage close to the depletion layer to attract and accelerate the
negatively charged electrons in the depletion layer towards the collector terminal. Compared to photo
diodes however, photo transistors do have some drawbacks; their response to varying levels of light is
not quite so linear, making photo transistors less suitable than photo diodes for accurate light
measurement. Although photo transistors can be used to detect light sources across the visible light
spectrum, they are most sensitive to wavelengths in the near infrared range around 800 to 900nm, and
are most often used with infrared emitting sources such as infrared emitting LEDs (also called IREDs
or ILEDs) as their light source. Photo transistors are generally not as fast as photo diodes at reacting to
abrupt changes in light levels. For example, the time taken for the photo transistor output to change
between 10% and 90% in response to a sudden change in light level at the input can be between 30 and
250us whereas high speed photo diodes can have rise and fall times as low as 20ps (pico seconds) or
less. Manufacturers normally quote these figures for rise time (t;) and fall time (tf) under particular
conditions of temperature and collector current. The main reason for the much slower response in photo
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transistors is due to the much larger area of the base/collector junction, and the fact that the capacitance
that exists across this junction is further magnified by the ‘Miller Effect’, which causes the junction
capacitance to be magnified by the current gain (hte) of the transistor. In practice this means that the
more sensitive the transistor (i.e. the larger the base area) and/or the higher the current gain of the
transistor, the longer the rise and fall times will be. For these reasons photo transistors are mostly used
for switching DC or low frequency AC applications. Fig. 4 Photo transistor Connections

Photo transistor Connections

Photo transistors are available in several Qg

forms such as NPN (Fig. 4a) or PNP (Fig.

4b). Many photo transistors only have

connections for the emitter and collector, as (b)

the base input is provided by light; however a o

base connection is provided on some types A

(Fig. 4c). Darlington photo transistors (Fig.

4d) are also available; using a Darlington (@

pair transistor  configuration gives even

greater current gain. At low or even no light levels, photo transistors can still produce a small amount
of current due to random collisions in the depletion layer. Applying base bias as shown in Fig. 4e can
have the effect of preventing this 'Dark
Current’, so reducing the effect of random

\J

lo]
5l 5] E} } el noise and giving a better defined on/off level
N N

s] to the output current. Optocouplers have

many uses and are available in many varied
afe q i

types, a few examples are illustrated in Fig.

eilian 5. Use the type numbers to search for data

7 sheets and use them to identify the purpose

g E}\ } : |<: of each design.

6] 3 _
} — |<: Fig. 5 Opto coupler Examples
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UNIT 3

Paznen 4 MoHTax 1 cOOpKa cpeHel CII0KHOCTH Y3JI0B, OJIOKOB MMPUOOPOB PATHOIICKTPOHHON
anmapaTyphl, 3JIEMEHTOB Y3JI0B UMITYJIbCHON U BRIUUCITUTEIHHON TEXHUKH.
Tema 4.1 Y31b1 paainodIEKTPOHHOM anmapaTypbl. J1eMEeHTHI HUPPOBOM U UMITYIbCHON TEXHUKU

THEORETIC MATERIAL
TEXT 13 A SIGNAL

- is created when a command or data is sent to a device. It has implementation in electrical and
electronic components as well, but it mainly refers to analog and digital communication technologies
and devices. Each signal carries data in some form. The data is fed into the signal using analog or
digital modulation techniques, depending upon the source and destination device and/or medium.
Besides communication devices that broadcast a signal externally to the host system, signals are also
used to communicate and send instructions by:

Processors

Memory

Storage

Numerous other components

Electrical signals are everywhere, since they are used in communications, in entertainment devices, in
measuring instruments, in imaging devices, in control systems, and in computers. Such signals are of
two types: analog, where the signals are carried by continuously varying quantities, and digital, where
the signals are restricted to a finite set of discrete values (often just two, symbolized by 0 and 1). The
traditional telephone uses analog signals, since the continuously varying pressure associated with
sound waves is converted into continuously varying voltages of an electrical signal. Computers, by
contrast, usually deal with so-called binary signals, sequences of zeros and ones. A historical trend of
the last half-century is the replacement of analog signals by digital signals. For example, music was
always recorded and transmitted in analog form until the 1980s when the CD player made digital
recording of music common. When a CD is made in the studio, the music is first converted into an
electrical analog signal by a microphone, but then the electrical signal is converted into a sequence of
zeros and ones by sampling (measuring the intensity of the sound at specific points in time, many
thousands of times a second) and quantizing (assigning each intensity to one of a finite number of
intensity levels). It is this sequence of zeros and ones that is etched into the spiral track of the CD.
There are two very important advantages to digital signals. First, digital signals can be reproduced
exactly. All you have to do is be sure that a zero doesn't get turned into a one or vice versa. (You can
do this by making the physical signals for zero and one quite different, and also by building in
redundancy, so that even if a zero occasionally gets turned into a one the error is automatically
corrected.) Second, digital signals can be manipulated easily. Since the signal is just a sequence of
zeros and ones, and since a computer can do anything specifiable to such a sequence, you can do a
great many things with digital signals. And what you are doing is called digital signal processing. So
what is it you might do with the signals? One thing you can do is filter out unwanted parts of the signal,
such as noise. Another thing you can do is combine several signals into one; this is called multiplexing.
Yet another thing you can do is build in error detection and error correction; you make the signal longer
in such a way that any distortion of the signal during transmission or recording can be detected and
corrected. You can also compress the signal, so that it can be transmitted more rapidly. Another thing
you can do is enhance certain parts of a signal to make it easier to use. For example, the drought-
affected regions of a continent can be given a different color in a satellite image.All these things—and
many more—are digital signal processing. It was in the 1960s that a discipline of digital signal
processing began to form. At that time digital signals were becoming more common, and advances in
microelectronics (the ability to build extremely complex circuits in a very small space) made it possible
to carry out some of the tasks mentioned above. Today digital signal processing is a major branch of
engineering.
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TEXT 14 TRIGGER AND SYNCHRONIZATION SPECTRUM

Introduction
Digitizers are used to convert electrical signals into a

series of measurements that are then output as a _

numerical array of amplitude values versus time. To — ="
make this information useful the time information is R -
typically related to a specific reference point whichis == -~~~ -
most commonly the trigger position. The trigger point
can be something that occurs within the measured :
signal or it can be from other external sources. The

function of triggering is to link the time

measurements to a specific known point in time. For repetitive signals the trigger must be stable in
order to enable measurements from one acquisition to be compared with others. When multiple
digitizers or related acquisition instruments are integrated into a multi-channel system meaningful data
can only be obtained when all channels are referenced to a common time axis. This requires time
synchronization of the data acquisition elements of the system with all the digitizer channels normally
being triggered by the same event. This application note will focus on the related topics of triggering
and synchronization.

B UL RS DT

Triggering

Triggering is an essential function for any
instrument that acquires and digitizes signals. The
most common trigger method uses the signal that is
input into one of the digitizers channels. The basic
principle is that a defined point on the waveform is
detected and this ‘trigger event’ is marked as a
known position on the acquired data. Figure 1
provides an example of a basic edge trigger. The
signal source is the input channel with the trigger
event occurring when the waveform crosses the trigger level at 500mV with a positive slope. When
this occurs, that position on the acquired signal is marked as the zero time point on the time axis as
shown by the cursor position in the figure. If the signal is repetitive the digitizer will be triggered at
the same point each time a new acquisition is made, resulting in a stable display. The wide variation in
possible signal waveforms, levels, and timing requires that the digitizers trigger circuit be extremely
flexible. Figure 2 shows a block diagram of the trigger ‘engine’ of a Spectrum M4i.4451 series
digitizer. This provides an example of the wide range of trigger conditions that are supported in modern
digitizers. The hardware trigger sources are shown on the left hand side of the block diagram. They
include any of the input channels and either of the two external trigger inputs (ExtO or Extl). Each of
these sources is capable of supporting multiple trigger types. The multipurpose 1/O lines can be used
to report the digitizers run/arm state as well as to provide a trigger output signal among other functions.
In addition to the hardware trigger sources there is also a software trigger which allows triggering under
program control. This digitizer also includes powerful trigger AND/OR logic elements that are used to
combine inputs from multiple sources into a complex multi-element trigger. The functionality can be
used to ensure the digitizer will only trigger when specifically defined patterns occur. Yet another
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feature is the ability to cross trigger with up to seven other digitizer cards via the Star-Hub
synchronization option.

Trigger Modes
The principal trigger sources contain dual trigger Jeeiaiuisis s sscnensnsnss
level comparators and support multiple trigger
modes. These include single and dual slope edge
triggers, re-arm (hysteresis) triggers, window
triggers, and for the multiple source trigger there are
related trigger gate generators.

: ‘ i
'
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Edge triggers are the most basic trigger type. The
user sets a trigger level and selects the desired
trigger slope. When the trigger source crosses the trigger threshold with the selected slope the digitizer
triggers. The slope selection is positive, negative, or both. Edge trigger is the most commonly used
trigger mode.

Re-arm or Hysteresis triggers set two levels, the first is the arm level the second is the trigger level.
As with the edge trigger the user also selects a slope. The signal must cross the arm level with the
selected slope first to arm the trigger. The digitizer will then only trigger when the signal subsequently
crosses the trigger level with the same slope. The re-arm trigger modes can be used to prevent the
digitizer from triggering on the wrong edges of noisy signals.

Window triggers use two trigger thresholds per trigger source to define an amplitude window. There
are two operational modes for the window trigger; trigger upon entering the window and trigger upon
exiting the window. Trigger on entering will trigger whenever the source signal crosses one of the
threshold levels and enters the window. The trigger on exiting triggers when the source signal has been
between the two trigger thresholds and then leaves the window. Window triggers are used when the
source signal can change states in either direction. When using a multi-source trigger mode with the
built-in trigger logic it is often necessary to use one channel to create a gate waveform to enable a
trigger from another channel. This can be done using the hi level, low level, inside window, or outside
window selections. These trigger modes generate an internal gate signal that can be used together with
a second trigger source and AND logic to gate the trigger. Figure 3 shows an example of using the high
level trigger to gate a trigger source on another channel.

Whenever the sine wave on channel CHO exceeds the trigger level a positive gate is generated for the
entire time that the signal is above the threshold. This gate signal is AND’ed with the signal on channel
CHZ1; since the gate signal is positive only while the low amplitude pulse is present on CH1 the digitizer
triggers when the pulse waveform crosses the trigger level shown as a horizontal, red dashed line in
the figure.
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Summary Table of M4i Series
Modular Digitizer Trigger Modes

Positive Edge Trigger: The trigger occurs if the

trigger source signal goes from a lower value to

higher values (positive slope or rising edge) crossing

the predefined trigger level.

Negative Edge Trigger: The trigger occurs if the

trigger source signal goes from a higher value to

lower values (negative slope or falling edge) crossing the predefined trigger level.

Dual Edge Trigger: The trigger occurs if the programmed trigger level is crossed by the trigger source
signal with either a rising or falling edge.

Re-arm (Hysteresis) trigger on positive edge: The trigger circuit is armed when the source signal
crosses the re-arm level with a positive slope. After arming, if the programmed trigger level is then
crossed by the source signal with a rising edge, the trigger is generated and the trigger circuit will be
disarmed. A new trigger event is only detected if the trigger engine is armed again.

Re-arm trigger (Hysteresis) on negative edge: The trigger circuit is armed when the source signal
crosses the re-arm level with a negative slope. After arming, if the programmed trigger level is then
crossed by the source signal with a falling edge, the trigger is generated and the trigger circuit will be
disarmed. A new trigger event is only detected if the trigger engine is armed again.

Channel window trigger for entering signals: The upper and the lower level define an amplitude
window. Every time the source signal enters the window from the outside, a trigger is generated.
Channel window trigger for exiting signals: The upper and the lower level define an amplitude window.
Every time the signal leaves the window from the inside, a trigger is generated.

High level trigger: This mode generates an internal gate signal that can be used together with a second
trigger mode to gate the trigger. If using this mode with a single trigger source then the card only
triggers when the source signal exceeds the trigger level (acting like positive edge trigger).

Low level trigger: This mode generates an internal gate signal that can be used together with a second
trigger mode to gate the trigger. If using this mode with a single trigger source then the card only
triggers when the source signal is below the trigger level (acting like negative edge trigger).

Inside window trigger: This trigger mode will generate an internal gate signal that can be used together
with a second trigger mode to gate the trigger. If using this mode as a single trigger source then the
card will only trigger when entering the window defined by the two trigger levels (acting like window
enter trigger).

Outside window trigger: This trigger mode will generate an internal gate signal that can be used
together with a second trigger mode to gate the trigger. If using this mode as a single trigger source
then the card will only trigger when leaving the s —————————

window defined by the two trigger levels (acting like _

window exit trigger)

Trigger Logic

The example in Figure 3 shows one use for the
available trigger logic when dealing with multiple
trigger sources. Both AND and OR logic elements are
supported. Inputs to the OR function include any of
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the channels, the external trigger inputs, the software trigger and the force trigger function. The logical
OR function permits any of these trigger sources to trigger the digitizer. Inputs to the AND logic
function include all the channels, the external trigger inputs and the enable trigger function. The AND
function requires that all selected trigger inputs be asserted at the same time in order to initiate a
digitizer trigger. Keeping in mind that the gating trigger modes like hi level and low level provide the
ability to logically invert inputs other logic such as NAND and NOR can be realized.

Figure 4 is an example of a radio location application that uses the OR trigger logic. Each of the input
channels is connected to a sensor. Direction to the source is determined by the arrival time of the
emitted pulse at each sensor. The location of the source determines which channel sees it first. The OR
trigger logic allows the channel with the earliest burst to trigger the digitizer, guaranteeing that both
sensor outputs will be captured.

Synchronization

Theoretically, there are two issues when synchronizing

instruments. The first is to arrange for a common

trigger. The second is to have both instruments operate

from a synchronized clock. As simple as this seems

there are issues that arise when attempting to

synchronize multiple digitizers. The clock can be

synchronized by using an external clock at the desired

clock rate. A second method is to supply an external

reference such as 10 MHz, this is then applied to a phase locked loop (PLL) which is used to multiply
the frequency of the reference clock to the desired clock rate. The Spectrum M4i series digitizers used
in this article handle both types of external clock through a common external clock input. The external
clock input is connected to an internal PLL and this is set by the user to either multiply a reference
clock or to phase lock to the external clock and pass it through without changing the frequency. This
guarantees the correct frequency for the clock but does not guarantee that the clock in each digitizer
has the identical phase. On the trigger side of the synchronization process we have to consider that
each digitizers external trigger input uses a separate comparator to detect the trigger level crossing.
Small differences in reference level and differences in setup and hold times can result is discrete
changes in the trigger point location in time, a form of trigger jitter. The only way to guarantee exact
synchronization of multiple digitizers is to distribute the clock to each module and to synchronize the
trigger event to the system clock. In the Spectrum digitizers this can be done with the optional Star
Hub module.

Synchronizing multiple digitizers

The Spectrum M4i series digitizer used in the examples in this article also has an optional
synchronization accessory called Star Hub. The star hub module allows the synchronization of up to 8
cards of the same family. The module acts as a star connected hub for clock and trigger signals. The
digitizer with the module acts as the clock master and that card or any other card can be the trigger
master. All the trigger modes that are available on the master card are also available if the star-hub
module is used. It also expands the AND/OR trigger logic to accommodate inputs from any of the
attached digitizers. The star-hub also synchronizes different pre-trigger, memory segment size and post
trigger settings among digitizers by synchronizing the ARM signals from the digitizers. The Star Hub
is the preferred method for synchronizing multiple digitizers.
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Conclusion

Digitizers require a trigger in order to relate the acquisition to a known point in time. Multiple trigger
sources and modes make it easy to select the desired trigger point. Additionally, the ability to
synchronize the time base via the Star-Hub allows multiple instruments to be coupled together offering
a large number of acquisition channels. Digitizers with smart trigger engines make it possible to trigger
on and capture a wide variety of complex signals. This feature is further enhanced when combined with
innovative acquisition modes such as ring buffer, FIFO, memory segmentation and gated sampling
with time stamps marking trigger events.

TEXT 15 A ENCODERS AND DECODERS

Multiplexing is defined as the process of feeding several independent signals to a common load, one
at a time. The device or switching circuitry used to select and connect one of these several signals to
the load at any one time is known as a multiplexer. The reverse function of multiplexing, known
as demultiplexing, pertains to the process of feeding several independent loads with signals coming
from a common signal source, one at a time. A device used for demultiplexing is known as
a demultiplexer. Multiplexing and demultiplexing, therefore, allow the efficient use
of common circuits to feed a common load with signals from several signal sources, and to feed several
loads from a single, common signal source, respectively. In digital circuits, the term 'multiplexing' is
also sometimes used to refer to the process of encoding, which is basically the generation of a digital
code to indicate which of several input lines is active. An encoder or multiplexer is therefore a digital
IC that outputs a digital code based on which of its several digital inputs is enabled. On the other hand,
the term 'demultiplexing' in digital electronics is also used to refer to 'decoding’, which is the process
of activating one of several mutually-exclusive output lines, based on the digital code present at the
binary-weighted inputs of the decoding circuit, or decoder. A decoder or demultiplexer is therefore a
digital I1C that accepts a digital code consisting of two or more bits at its inputs, and activates or enables
one of its several digital output lines depending on the value of the code. Multiplexing and
demultiplexing are used in digital electronics to allow several chips to share common signal buses. In
demultiplexers, for instance, the output lines may be used to enable memory chips that share a common
data bus, ensuring that only one memory chip is enabled at a time in order to prevent data clashes
between the chips. If a demultiplexer or decoder has 2N output lines, then it has N input lines. A
common example of a decoder/demultiplexer IC is the 74LS138, which is a Low-Power Schottky TTL
device that has 3 input lines and 8 output lines. Of course, a decoder IC such as the 74LS138 also
has chip control lines that need to be 'enabled’ for the decoding function to take place. In the case of
the 74L.S138, these control lines consist of one active high control line (G1, pin 6) and two active-low
control lines (G2A, pin 4 and G2B, pin 5). Thus, the 74LS138 will only be in its ‘decoding’ mode if G1
is at logic '1' and G2A and G2B are at logic '0'. The 74LS138, whose generic product name is '3-to-8
Line Decoder/Multiplexer', obeys the truth table shown in Table 1. The outputs of the 74LS138
are 'active-low', i.e., the enabled output goes to logic '0" while all the other outputs are at logic '1".
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TEXT 15B MORE COMBINATIONAL CIRCUITS - MULTIPLEXERS,
DEMULTIPLEXERS, ENCODERS AND DECODERS

Written By: Hari Prasaath K.

In digital systems, any information is represented by binary codes. There are many binary code systems
as mentioned in the first tutorial of this series. A binary code of n bits can represent 2" discrete symbols
or elements of coded information. The digital circuits that perform encoding of digital information are
called encoders while digital circuits that decode the coded digital information are called decoders. An
encoder with enable pins is called multiplexer while a decoder with enable pins is called
demultiplexer. The encoder, decoder, multiplexer as well as demultiplexer are combinational logic
circuits as their output at any time depends upon the combination of the input signals present at that
instant only and does not depend on any past conditions. Let us learn about each in this tutorial.

Decoders -

The decoders are used to decode binary information in a digital system. The input lines to a decoder
are used to feed binary data while based on the binary data, one of the output lines is selected which
represents the respective minterm. If a decoder has n input lines then, it can have maximum 2" output
lines. With n number of input lines, the decoder can decode n-bit digital data. Like with 3 input lines,
a decoder can decode 3-bit binary data and so maximum 22 or 8 binary symbols. If there are some
unused combinations in n-bit coded information, the decoder can have fewer than 2" output lines. So,
any decoder is n-to-m line decoder where m <=2". In a decoder, each output line represents a minterm
which is selected based on the input binary data. For any input data only one output line is activated at
a time. It can be noted that in a decoder, the number of output lines is always greater than number of
input lines. If the number of inputs and outputs in a decoder circuit are equal, it is then called converter.
The decoders are usually constructed using AND or NAND Gates. The output of an AND gate is only
HIGH when all the inputs are HIGH. So, AND gate is the basic decoding element in a decoder circuit.
For example, in a 4-to-16-line decoder, the digital circuit used in decoding the binary code 1001 will
be as follow -

LSB

Fig. 1: Image showing Decoding A 1 @

Circuit Built using AND Gate B 0@ D’ vy=DCTEA
In the decoding element (of the 4-to- € 0 @

16-line decoder) shown above, to

make all the inputs of the AND gate D1 MSB

HIGH, the two middle bits must be

inverted by using two NOT gates. So, when the input binary data will be 1001, the only output line
connected to the above decoding circuit will be activated and set HIGH. For simplicity let us take 2-
to-4-line decoder as an example. A 2-to-4-line decoder has two input line (say A and B). With 2 inputs,
4 binary codes can be represented, so there can be 4 output lines (say DO, D1, D2 and D3). Each output
line represents a minterm like DO represents A'B', D1 represents A'B, D2 represents AB' and D3
represents AB. A 2-to-4-line decoder can be represented Highest priority Py the

following block diagram - i
—> D3
—> D2
f—> D1

Do

A

Fig. 2: Block Diagram of 2-to-4-Line Decoder .

It will have the following truth table - Lowest priority

input
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Fig. 3: Truth Table of 2-to-4- INPUTS OUTPUTS
Line Decoder
B D1 D2

From the above truth table, the
digital circuit for 2-to-4-line
decoder can be constructed
using AND gates and NOT
gates as follow -

If a decoder is constructed using NAND gates, then the respective output line is set LOW instead of
HIGH for a binary code. For example, the digital circuit for 2-to-4-
line decoder constructed using NAND gates will be as follow - A

Fig. 4: Circuit Diagram of 2-to-4-Line Decoder

Fig. : Image  showing
Implementation of 2-to-4-Line Decoder with NAND Gates

The decoders are used in many applications like data demultiplexing, digital display, digital to analog
converters, memory addressing etc.

De-Multiplexers -

De-Multiplexers are digital circuits that are used to transmit binary data from one line to many. The
word “demultiplexer” itself means one into many. So, Demultiplexing is the process of taking
information from one input and transmitting the same over one of several outputs. The demultiplexers
have digital circuit similar to decoders except that they have a single input line and have select lines to
determine the output line for data transmission. The data is transmitted over a single output line at a
time. Like decoder, if a de-multiplexer has n select lines, there can be 2" or less output lines controlled
by them in a demultiplexer. A de-multiplexer can be represented by the following block diagram
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Fig. 6: Block Diagram of Demultiplexer m select signals
It can be noted that a demultiplexer has one input

signal, m select signals and n output signals where

n <= 2" The select inputs determine that to which

output line the data input will be connected. With 7 j55uts
the help of a demultiplexer, serial data is converted  gjgpq)

to parallel data. *——

Demultiplexer

n output signals

For example, in a 1-to-4-line demultiplexer, there
is a single input (say D), four outputs (say YO to
Y 3) and two select lines (say S1 and S2). The truth
table of the 1-to-4-line demultiplexer is as follow -

Data Select Outputs
Input input
D S1 | SO

D
D
D
D

Fig. 7: Truth Table of Demultiplexer

From the truth table, it can be noted that the data input is connected to output YO when S1 = 0 and SO
= 0. The data input is connected to output Y1 when S1 =

0 and SO = 1. The data input is connected to output Y2 Data
when S1 =1 and SO = 0. The data input is connected to Input
output Y3 when S1 =1 and SO = 1. A demultiplexer can D 5 So
be constructed using AND gates and NOT gates like the
decoder circuits. From the above truth table, the digital
circuit for 1-to-4-line demultiplexer is as follow -

Select Inputs

Fig. 8: Circuit Diagram of 4-Output Demultiplexer

So, the 1-to-4-line demultiplexer can be implemented
using four 3 — input AND gates and two NOT gates. The
input data line is connected to all the AND gates. The two
select lines S1 and SO enable only one gate at a time and
the data that appears on the input line passes through the
selected gate to the associated output line. The
demultiplexers are used in communication systems,
computers chips for connecting ALU with registers and
in serial to parallel converters.
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Encoders -

The encoders are used for coding binary data. They are opposite to decoders. So, they perform inverse
operation of a decoder. The opposite of the decoding process is called encoding. The encoder is a
combinational logic circuit that converts an active input signal into a coded output signal.

It has n input lines, only one of which is active at any time and m output lines. It encodes one of the
active inputs to a coded binary output with m bits. In an encoder, the number of output lines is less
than the number of inputs. If an encoder has n input lines and m output lines than n<= 2™, An encoder
can be represented by the following block diagram -

Fig. 9: Block Diagram of Encoder

For example, let us consider Priority Encoder. It is a
special type of encoder in which priority is given to the
input lines. If two or more input lines is HIGH at the
same time, then the input line with highest priority is
considered. In a 4-to-2-line priority encoder, there are
four inputs say DO, D1, D2 and D3 and two outputs say
YO0 and Y1. Out of the four inputs D3 has the highest
priority and DO has the lowest priority. That means if D3 = 1 then Y1 YO will be equal to 11
irrespective of the other inputs. Similarly if D3 =0 and D2 = 1 then Y1 YO0 will be equal to 10
irrespective of the other inputs. A 4-to-2-line priority encoder can be represented by the following
block diagram -

Encoder

Fig. 10: Block Diagram of 4-Input Priority Encoder

It has the following truth table -

An encoder can be constructed using AND, OR and NOT Encoder
gates. From the above truth table, the digital logic circuit
for 4-to-2-line encoder can designed as follow -

Fig. 11: Truth Table of 4-Input Priority Encoder

HIGHEST INPUTS LOWEST OuTPUT

D3 D2 D1 DO YO Y1l

1 X X
Fig.12: Circuit Diagram of 4-Input Priority Encoder
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Multiplexers -

The multiplexers are used for routing digital data from many to one line. They convert parallel data

into serial data. The term multiplex itself
means many to one. Multiplexing is the
process of transmitting a large number of
information over a single line. A digital
multiplexer is a combinational circuit that
selects single digital information from
several resources and transmits the selected
information on a single output line. A
multiplexer is also called a data selector,
where it selects one of many inputs and
sends the information to the output. The
multiplexers are similar to encoders except
that they have several data — input lines and

a single output line. The selection of a particular input line is controlled by a set of select lines. A

Ds

Dz

S

D

Do

>Y|=01+Dz

multiplexer can be represented by the following block diagram -

Fig. 13: Block Diagram of Multiplexer

m select signals It can be noted that a multiplexer has n input lines, m select
signals and one output line where n <= 2™. The selection line
I I I I decides the number of input lines of a particular multiplexer. If
the number of the n input lines is equal to 2™, then m select lines
are required to select one of n input lines. For example, to select
one out of 4 input lines, two select lines are required and to
Multiplexer |—e select one out of 8 input lines, 3 select lines are required.

1 output signal

Like in a four inputs multiplexer, there has four data input lines
(say DO to D3), single out line (say Y) and two select lines (say
S0 and S1) to select one

of the four input lines. A 4-input multiplexer can be represented

by the following block diagram -

Fig. 14: Block Diagram of 4-Input Multiplexer

It has the following truth table

Fig. 15: Truth Table of 4-Input Multiplexer

m select signals

1 output signal
o

Data Select Lines
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A multiplexer circuit is similar to encoder
circuit. Like encoders, the multiplexers can be
constructed using AND, OR and NOT gates.
From the above truth table, the logic gate
diagram for 4-input multiplexer is as follow —
Fig. 15: Truth Table of 4-Input Multiplexer

From the logic circuit, it can be seen that when
S1S0 equal to 00 is applied to select lines, the
two input to the AND gate associated with DO is ‘—‘i>_'Y
equal to 1 and third input is connected to DO _ _ '

Data. The other 3 AND gates have 0 in at least
one of their inputs, so that their outputs will be
equal to 0. Hence the OR output Y will be equal
to DO. When S1S0 equal to 01 is applied to
select lines, the Data on the input D1 appears on
the data output line. Similarly, when S1S0 equal to 10 is applied to select lines, the Data on the input

D2 appears on the data output line. When S1S0 equal to 11 is applied to select lines, the Data on the
input D3 appears on the data output line. Fig. 16: Circuit Diagram of 4-Input Multiplexer.

The multiplexers are used in telephony, communication systems and computer memories. They are
also used as parallel to serial data converters.

UNIT 4
‘ Tema 4.2 DneKTpOMOHTa)KHBIE PaOOTHI

THEORETIC MATERIAL
TEXT 16 ELECTRICAL INSTALLATION WORK

E. M. FES’KOV and IA. M. BOIAZNYI

Electrical Installation Work

specialized construction work that is performed during the erection or reconstruction of buildings orst
ructures intended for various purposes and that entails the installation of electric wiring and electrical
equipment. The electric wiring may be overhead power lines, cable lines, current leads, or
interior wiring. Examples of electrical equipment include electric machinery, distribution centers, and
control consoles. The electrical installation work is usually carried out in two stages.
The first stage, which coincides in time with general construction work, includes the installation of
fasteners or inserts in structural elements for the subsequent attachment of electrical equipment andstr
uctures for the installation of electric wiring. It also includes the installation of conduits for electric w
iring in the foundations and floors of buildings or structures and the installation of wall sockets for ou
tlets and switches. In the first stage, the preassembly of electrical equipment and wiring
structures, the fabrication of conduit sections, and the board lacing of wires and cables for lighting an
d other circuits are carried out away from the construction site in specially equipped electrical-
installation prefabrication shops.

In the second stage, the electrical equipment and the structures for the installation of wiring ar
e transported to the construction site, installed in the planned locations, and assembled.

In addition,cables and wires are laid and are connected to the installed electrical equipment. E
lectrical installation work is completed when the installed equipment is actuated and adjusted. The m
ost complicated work in this respect is the adjustment of relay protection and automatic control syste
ms for electric drives.Electrical installation work is mechanized through the use of generalpurpose co
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nstruction machinery—for example, lift trucks, hoists, and truck cranes and of specialized electrical
installation machinery, devices, and tools.

The time required for electrical installation work is reduced and the productivity of labor in
such work is raised primarily through the use of industrial methods of installing electrical equipment
and through the delivery to construction sites of structures for the installation of wiring and elements
of electric wiring in consolidated subassemblies and units, which are fabricated and assembled in
electricalinstallation prefabrication shops. The level of industrialization of electrical installation work

is due in large part to the output by industry of complete sets of electrical equipment and of electric
wiring that can be easily installed and adjusted.

One of the main trends in the further industrialization of electrical installation work is the use
of large-scale electrical engineering facilities, for example, the rooms of electric
drive control stations and of urban transformer substations. Such facilities are delivered by industryw
ith the electrical equipment completely installed and adjusted. In this case, electrical installation work

is reduced to the installation of such facilities and the connection of the facilities to external
power networks.

TEXT 17 SOLDERING ELECTRONICS

BY SANTOSH DAS

Soldering in electronics is all about joining electronic components to the PCB by hand using soldering
station or soldering iron. Automatic Mass Soldering is done by wave soldering using wave soldering
machine or reflow soldering using reflow machine. Soldering can be either hand soldering or
automated soldering. It can also be either thru-hole soldering or SMT Soldering using Surface Mount
Technology.

Hand Soldering in Electronics

Hand soldering is done for thru-hole electronic components using soldering iron or soldering station.
Hand soldering is not meant for mass production. It is generally done for repairing and repair of rejected
PCBs during mass production or for repairing of faulty Printed Circuit Boards after using electronic

products for a long time.
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Automated Soldering in Electronics
Automated soldering is done for mass production. It can be done by using wave soldering

machine, reflow machine or Automatic SMT Machine.

Solder Paste
Pick & Place
Soldering

Wave

Thru-Hole Soldering No
Placement Needed Inspection

Yes
Soldering Soldering Soldering Adhesive

Needed

Swww.electronicsandyou.com/blog

SMT Soldering in Electronics

SMD or surface mount electronic components (ICs and Chips) are soldered to the PCB using Surface
Mount Technology. The process uses Reflow soldering machine and automated pick and place
machines. Sometime repairing and replacement of SMD components is also done by hand.

BGA Soldering in Electronics

BGA or Ball Grid Array are small tiny electronic components without any leads. They have tiny ball
underneath the IC. These ICs or BGAs are soldering so the PCB using Automated BGA
Soldering Machine or Hot air Reflow Machine. Visit — SMT Expert — Ray Prasad

Important components of electronic soldering:

Soldering Flux — Needed for all processes of soldering.

Solder Wire — Needed for Hand Soldering.

Solder Bar — Needed for Wave Soldering.

Solder Balls — Needed for BGA Soldering.

Soldering Iron and Soldering Station — Needed for Hand Soldering.

Wave Soldering Machine — Needed for Automated Wave Soldering.

Reflow Soldering Machine — Needed for Automated Reflow soldering of SMD Components.
BGA Soldering Machine — Needed for BGA Soldering.
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http://www.electronicsandyou.com/blog/smt-reflow-soldering-equipment-machine.html
http://www.electronicsandyou.com/blog/smt-pick-and-place-machine.html
http://www.electronicsandyou.com/blog/smd-surface-mount-electronic-components-for-smt.html
http://www.electronicsandyou.com/blog/ball-grid-array-bga-package.html
http://www.electronicsandyou.com/blog/bga-ball-grid-array-repairing-and-soldering-bga.html
http://www.electronicsandyou.com/blog/bga-ball-grid-array-repairing-and-soldering-bga.html
http://rayprasad.com/
http://www.electronicsandyou.com/blog/solder-flux-basics.html
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v/ S S S S S S S S S S S S S

TEXT 18 SOLDERING TOOLS

Various tools are necessary for facilitating soldering work. The most essential tool in the soldering
practice is the soldering iron.

Soldering Iron
A soldering iron is the basic tool for hand soldering. It generates the heat required to heat the

surfaces to be soldered and to melt the solder. It should supply sufficient heat to melt solder by heat
transfer when the iron tip is applied to a connection to be soldered. Soldering irons used for soldering
electronic components consist of the following three main parts: (i) a handle, (ii) a heating element,
and (iii) a bit/tip. Handle: This is made of a good electrical and thermal insulator having an ergonomic
shape so that it is comfortable for the operator. Soldering, Assembly and Re-working Techniques 467
Heating Element: This must have sufficient thermal capacity so that the set and working temperatures
are, as much as possible, the same. The state-of-the-art hand irons are microprocessor controlled. They
compare the tip temperature sensed with a sensor with the set temperature. The heating element
responds immediately to heat loss at tip while soldering and returns lost heat to the tip. The heating
element must be properly insulated so that there is no electrical leakage appearing on the tip of the bit
to cause damage to the components. Bit/Tip: This is made of copper to provide good heat transfer. It
is plated to prevent the solder dissolving them. Iron on the other hand is not attacked by solder, so iron
plated copper bits are normally used. Unfortunately, iron is not readily wetted by solder, so the bit is
further covered by nickel or chromium in order to provide a hard outer surface that will wet properly
by the solder. With the passage of time and usage, the outer plated coat (nickel or chrome) will dissolve
away. The bit then must be replaced. Since a bit is the tip of the hand soldering iron, it is often called
‘tip’. Traditional soldering tips which are made of copper, conduct heat well and are inexpensive.
However, they have the disadvantage that the tip oxidizes heavily when heated and copper particles
are set free into the solder until it has been corroded entirely. New soldering iron tips have been
designed which are galvanically plated with an iron coating and is then shielded against oxidation and
corrosion by a layer of chrome. The heating element of the soldering iron is protected against over-
heating and premature wear due to quick heat transfer. Such tips are available from M/s ERSA GmbH
and are called ERSADUR soldering tips. The selection of a soldering iron is made with regard to its
tip size, shape, operating voltage and wattage. Soldering iron temperature is selected and controlled
according to the work to be performed. The temperature is normally controlled through the use of a
variable power supply and occasionally by tip selection. Soldering irons are available in various
forms. These are delineated below. Soldering Pencils: Soldering pencils (Figure 13.4) are lightweight
soldering tools which can generate as little as 12 watts or as much as 50 watts of heat. A 25 watt unit
is well suited for light duty work such as soldering on printed circuit boards. Modular soldering irons
use interchangeable heating elements and tips which mate to a main pencil body. Such elements
screw into a threaded receptacle at the end of the pencil. A variety of tips (Figure 13.5) are available
to handle most soldering tasks. Very fine, almost needle-like tips are used on printed circuit boards
with IC component foil pads which are closely spaced. Larger, chisel and pyramid tips can store and
transfer greater amounts of heat for larger, widely spaced connectors. Bent chisel type tips can get into
difficult-to-reach areas. Regardless of the type of the tips, it is best to use plated, as opposed to raw
copper tips, as these have much longer life.

A pencil type soldering iron takes a few minutes to attain working temperature and it is better
to keep it continuously powered even for interrupted type of soldering work. This would need to keep
the iron secured in a safe place at working temperature. One method is to keep it in special soldering
iron holder which may be a coiled steel form into which the hot soldering iron can be inserted. Most
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stands of this type also include a sponge which is kept moistened and used periodically to clean the
soldering tip. Soldering Gun: A gun is usually heavier and generates more heat than the average pencil.
Soldering of heavy duty conductors or connectors requires the use of a gun because it can generate
enough heat to quickly bring a heavy metal joint up to the proper soldering temperature. These
soldering tools are called guns simply because they resemble pistols. The gun’s trigger (Figure 13.6)
is actually a switch that controls application of ac power to the heating element. The working
temperature is reached instantaneously. Some guns provide for selection of different heat levels
through multi-position trigger switch. Soldering Stations: Soldering stations (Figure 13.7) contain an
iron and a control console that offers switch selectable temperatures, marked low, medium and high.
Obviously, this is more convenient than waiting for a modular pencils’ heating element to cool,
unscrewing it from the holder and then replacing it with another heater tip combination. The tip
temperature is controlled by using a heat sensor and closed-loop feedback control to gate power to
heating element. Obviously, soldering stations are expensive compared to basic soldering pencils.
Battery-operated Irons: Sometimes, it is inconvenient to depend on the mains power supply for
operating a soldering iron. Battery-operated soldering irons are available which depend upon
rechargeable batteries as a power source. Recharging is done automatically when the iron is placed
in its charger, which is built on the stand, and is connected to an ac power source. In these soldering
irons, the tips attain working temperature in 5-8 seconds and cool off to ambient temperature in
about one second. Typically, about 125 connections can be made on one charge. For a standard iron,
a typical charging interval of approximately fourteen hours is required to return the cells to full
strength. Of course, there are quick change irons also. Sometimes, the soldering irons have built-in
light to illuminate the work area whenever battery power is applied to the heating element.
Soldering irons are best used along with a heat-resistant bench-type holder, so that the hot iron
can be safely parked in between use. Soldering stations generally have this feature. Otherwise, a
separate soldering iron stand, preferably one with a holder for tip-cleaning sponges, is essential.
Electronics catalogues often include a range of well-known brands of soldering iron. The following
factors should be kept in mind when selecting a soldering iron for a particular application
(Winstanely, 2003). Voltage: Most soldering irons run from mains supply at 230 V. However, low
voltage (12 V or 24V) type irons are also available and they generally form part of a “soldering
station”. Wattage: Typically they may have a power rating of between 15-25 watts which is adequate
for most work. A higher wattage does not mean that the iron runs hotter. It simply means that there is
more power in reserve for coping with larger joints. Higher wattage irons are required for heavy duty
work because it would not cool down so quickly. Temperature Control: The simplest and cheapest type
irons do not have any form of temperature control. Unregulated irons form an ideal general purpose
iron for most users as they generally cope well with printed circuit board, soldering and wiring.
A temperature controlled iron has a built-in thermostatic control to ensure that the temperature
of the bit is maintained at a fixed level, within preset limits. This is desirable especially during more
frequent use, since it helps to ensure that the temperature does not over shoot in between
times and also the output remains relatively stable. Some versions have built-in digital temperature
readout and a control knob to vary the temperature setting. A K-type thermocouple may be used
to measure the temperature of the tip and heating rate is controlled by means of a thyristor. Thus,
the temperature can be boosted for soldering larger joints. The necessity of measuring the temperature
by means of a sensor as close as possible to the end of the soldering tip is a fundamental principle of a
rapid response. The closer to the end of the soldering tip the measurement is taken, the quicker the
control system can respond. Anti-static Protection: For soldering static-sensitive components such as
CMOS and MOSFET transistors, special soldering iron stations having static-dissipative materials in
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their construction are required. These irons ensure that static-charge does not build up on the iron itself.
These irons are “ESD safe” (Electrostatic Discharge Proof). The general purpose irons which may not
be necessarily ESD-safe, but can be safely used if the usual anti-static precautions are taken when
handling CMOS components. In this case, the tip would need to be well-grounded. BITS: Bits are
available in various shapes and sizes. Keep in mind that the size of a screwdriver bit/tip should be
approximately equal to the diameter of the pad. A large tip selection for maximum flexibility should
be offered along with the soldering iron to meet the requirements. The choice of the tip is very
important and the shape of its end must be selected so that good heat transfer to the parts to be joined
is possible. The lifetime of the bit/tip depends on the structure and thickness of the material used as
well as on proper handling. It is useful to procure a small selection of manufacturer’s bits (soldering
iron trips) with different diameters and shapes, along with the soldering iron. They can be changed
depending upon the type of work in hand. Bit/Tip Maintaining: Excess solder and burnt flux should be
removed by wiping the bit on water soaked sponge. The following points should be kept in mind for
good maintenance of the tips. Never clean the bit/tip with a file or any abrasive tools; not even with
brass brushes. Never wipe the tip against the surface to be soldered. Clean and tin the bit before turning
the iron off. Turn the iron off when it is not used for more than 15 minutes. Clean and wet the bit with
some flux cored solder wire after the work is finished. Keep all the soldering irons in their respective
holders. Don’t put more than one soldering iron per holder. Never put the iron in any form of a muffle,
but keep it in its open spring holder. Spare Parts: It is preferable to ensure that the spare parts may be
available for the iron. So, if the element blows, you don't need to replace the entire iron. This is
especially so with expensive irons. Soldering, Assembly and Re-working Techniques 471

Selection of Soldering Iron

The soldering iron should be of the precision type, small but powerful enough to reliably solder
components to printed circuit boards. An iron between 25 and 40 watts with a nickel plated tip, or
one of the miniature irons capable of a tip temperature of 205 °C are most suitable. Hotter temperatures
run a real risk of spoiling the adhesive bond that holds the copper foil to the board. Do not use a higher
temperature to make up for an improperly-tinned tip. The ideal tip is a single flat or chisel tip of about
2.5 mm. The old style unplated copper tips are not very suitable, as they wear away very quickly. The
soldering iron should be examined carefully every time it is to be used. The soldering iron tip should
be properly connected or screwed into the holder and it should be free from oxides. The shape of the
tip must meet the requirements of the task to be performed. If any one of these items is not as good as
it should be the following steps are adopted: The oxides from the tip surface are removed by using an
abrasive cloth or sand paper. The tip generally is made in its proper shape by filing. This is normally
done on the unplated copper tip. The iron is heated to the minimum point at which the solder melts.
Before using the iron to make a joint, the tip is coated or tinned lightly by applying a few millimeters
of solder. For keeping the tip clean, after it has been prepared, the heated surface of the tip should be
wiped with a wet sponge. This is to remove dirt, grease or flux which, if allowed to remain, can become
part of the joint and make the joint dry and defective. If during soldering, excessive heat is generated
at the soldering iron tip and the component gets heated beyond its maximum temperature, the
component may be permanently damaged, weakened, or affected drastically in value or characteristics.
Such effects may not be noticed during assembly or test but may show up later when the equipment is
in use. The tip temperature to be selected must be based on the temperature limitation of the substrate.
The circuit boards which have a substrate of fibre-glass epoxy of 280 °C should not be heated for more
than 5 minutes. Hotter temperatures reduce the time in inverse relationship; the higher the
temperature, the less time the boards will stand it before damage. Further, heat transmitted along the
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leads may cause unequal expansion between leads and packages, resulting in cracked hermetic seals.
In general, for hand soldering, the recommended soldering iron wattage is 20 watts to 25 watts for fine
circuit board work, 25-50 W iron for general soldering of terminals and wires and power circuit boards,
100-200 W soldering gun for chassis and large area circuit planes. With a properly sized iron or gun,
the task will be fast and will result in little or no damage to the circuit board plastic switch housings,
insulation etc.. For iron temperatures of between 300 °C and 400 °C, the tips of the soldering iron
should be in contact with the lead for not more than five seconds. Particularly, the ICs and transistors
should be soldered quickly and cleanly. Temperature: An important step to successful soldering is to
ensure that the temperature of all the parts is raised to roughly the same level before applying solder.
Heating one part but not the other will produce an unsatisfactory solder joint. The melting point of
most solder is in the region of 188 °C (370 °F) and the iron tip temperature is typically 330-350 °C
(626°—662 °F). Figure 13.8 shows the temperature range for ideal soldering work. Above this
temperature range, there is a risk of thermal damage whereas below this range, cold junctions are likely
to develop. Time: Next, the joint should be heated with the bit for just the right amount of time.
Excessive time will damage the component and perhaps the circuit board copper foil. The heating
period depends on the temperature of your iron and size of the joint. Larger parts need more heat than
smaller ones while some parts (semiconductor devices) are sensitive to heat and should not be heated
for more than few seconds. In such cases, thermal shunts or heat sinks are used to protect heat-sensitive
components from damage due to heat while soldering. These devices are placed or clamped in place to
prevent the heat from reaching the component while its leads are being soldered. Solder Coverage: In
order to achieve a successful solder joint, it is essential to apply only an appropriate amount of solder.
Too much solder is an unnecessary waste and may even cause short circuits with at the end joints. Too
little solder may not fully form a successful joint or may not support the component properly. How
much solder to apply only really comes with practice.

Other Hand Soldering Tools

The soldering workstation should be clean, ESD-controlled and organized for an easy access to all
the tools. The typical tools may include:
Solder iron;

Cleaning material;

Cored solder;

Pliers (bent, nose and straight);

Wire stripper;

Lead forming tools;

Toolbox

Fume absorber;

Solder iron station including holder;

Set of soldering iron bits;

Flux; sponge; soldering braid;

Tweezers;

Wire cutter; Screwdriver set;

Board holder; and Cleaning solvent and brush.
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TEXT 19 SOLDER PASTES FOR SMDS
Solder pastes, often called solder creams, are used in “reflow-soldering” of surface mount

components, where the application of solder and the heat supply are separate steps in the fabrication
process. A solder paste basically consists of solder in powder form and a flux with some additives
necessary to produce the desired behaviour of the paste during or after its application. Solder pastes
are applied either by stencil or by screen-printing method. Pick-and-place throughput
is an important issue in deciding the type of solder paste dispensing system. Erdmann (1991) brings
out the stenciling technique including stencil development, stencil cleaning and printing etc. He
points out that the demands of stencil are more rigid than that of ordinary SMT screen printing and
stenciling, particularly for maintaining near perfect registration. Large pick-and-place systems require
volumes that only screen printers can provide. Pick-and-place throughput in the range of 1500 to 3000
components per hour, however, is ideal for today’s dispensing equipment, which can produce 16000
dots per hour in a typical production environment (Cavallaro and Marchitto, 1991).
A rotary positive displacement programmable pump as shown in Figure 13.23(a) can be effecttively
used for solder paste dispensing involving high speed application of a large number of very small dots.
The pump is driven by a DC motor. An electro-magnetic clutch engages and disengages the
Archimedian screw. Mounted above the screw is a bellows coupling that aligns the clutch and lead
screw and reduces the impact of the Z-axis sensor by more than 60 per cent. The combination of
constant motor speed, low air pressure, the software controlled clutch, and the precise rotation of the
Archimedian screw ensures a repeatability that is far superior to pulsed air or piston dispensing systems
(Cavallaro, 1994). The pump can be programmed in one-milliseconds (ms) increments from 10 to
10,000 ms. Most solder paste applications require a shot size of 15 to 20 ms for fine-pitch devices and
50 to 100 ms for 50-mil devices. This short cycle time allows the automated dispensing system to
dispense up to 16,000 dots per hour, making it compatible with most pick-and-place machines in the
marketplace. The real advantage of dispensing over screen printing is programmability. For example,
a 25-milpitch application, requires a dot diameter of 0.014 to 0.016 inch (0.35 to 0.40 mm) while a 50-
milpitch application requires a 0.020 to 0.030 inch (0.50 to 0.75 mm) diameter dot. Dual-height
dispensing systems are important to accommodate different dispensing requirements without the need
to change either the needle or the programme. Dispensing systems are particularly effective for re-

work and mixed technology applications.

Requirements of Solder Pastes

Solder pastes must meet the following requirements: The individual powder particles of the
solder alloy should have a homogeneous distribution of the metal within the paste as well as a fair
equality of shape and surface roughness of the individual powder particles. It should develop an

adhesive action in order to hold the components in place until the reflow operation has been finished.
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It must not tend to solder balling; if they become detached on the substrate, they may cause short
circuits. It has to maintain its shape during curing and reflow and must remain on the pads, not leaking
to unsolderable parts of the PCB. It must have sufficient activity as the solder paste is sometimes in

contact with the parts for several hours.
Composition of Solder Pastes

Solder pastes are available with several fluxes and alloy compositions. Their consistency may vary
from liquid cream to thick paste. Solder pastes usually contain a certain percentage of silver, most
commonly 2 per cent, that gives a solder alloy of 62 % tin (Sn) + 36 % lead (Pb) + 2 % of Silver
(Ag). This alloy has a melting temperature of 179 °C. The powder must contain granules of the alloy
and not of the individual metals, which make up the solder. This will help to melt the solder at the
temperature of the alloy used. Beside homogeneity, an important element in solder powder is the
structure and shape of the alloy particles. Therefore, microscopic control of the solder particles is
essential. An acceptable solder paste should contain alloy-particles only with the shape of a “sphere”,
an “ellipsoid” a “tear” or a “dog bone”. Chilton and Gaugler (1990) describe the design of solder
paste to meet the exacting requirements of fine pitch reflow.

A spherical shape minimizes the surface area and so reduces oxidation at best. However, on melting,
the liquid flux flows outwards, also carrying with it the solder particles. The particles with a dog bone
shape or a shape of an ellipsoid lock the solder better in place. Solder pastes having particles with
extended irregular shapes, shapes of needles or even showing dust are not acceptable. The solder
particles are typically 20 mm to 80 mm in diameter. For screen printing, usually a smaller particle size
is advisable. Solder pastes can be manufactured either with rosin based or water soluble fluxes. The
paste contains not only alloy powder and flux, but also organic solvents, thickeners and lubricants to
determine paste rheology. With screen or stencil printing of solder paste, rheology is critical to ensure
excellent print definition. With the development of lead-free soldering alloys, solder pastes without
lead are also available. For low temperature soldering, a composition of 42 per cent tin, 42 per cent
lead, 14 per cent bismuth and 2 per cent silver is commonly used.

Solder Paste Application

The reflow soldering process starts mostly with the application of solder paste to the specific areas
of the circuit board where the components will be attached. Solder paste printing is commonly
applied by stencil or screen-printing. It is wiped across the stencil or screen with a squeegee, which
pushes the paste through the openings, depositing it on the lands at the right places. With solder
paste printing, the entire amount of solder is deposited on the PCB in one operational step. Solder
paste application with dispenser is generally used for laboratory applications because of its flexibility.
With a dispenser, the solder paste can be applied not only in form of dots, but also in stripes, which

may be more useful and accurate in certain cases.
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Handling of Solder Paste

Solder paste ages and changes with temperature, humidity and light. The following precautions may
be taken while handling solder paste, keeping in view the recommendations of the paste supplier; Store
solder paste in a clean, cool, dry and dark location. Before opening refrigerated solder paste, keep it
for 24 hours at room temperature to avoid water condensation. Do not mix old and new pastes since
the fluxes and thinners will evaporate at different rates. Stir solder paste at least 30 seconds before
applying to the stencil/screen. Use only clean and inert tools (Such as made of stainless steel, Teflon,
Polyethylene). Apply to the stencil/screen the amount of paste just required for printing.
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THEORETIC MATERIAL
TEXT 20 PRINTED CIRCUIT BOARD DESIGN, DIAGRAM AND ASSEMBLY

Printed Circuit Board Design, Diagram and Assembly Process BY SANTOSH DAS

Printed Circuit Board Design or Printed
Circuit Board (PCB) or Printed Wiring
Board (PWB), is a board made out of non-
insulating and highly heat-resistant
insulating material such as fiberglass.
These boards are also called substrates. A
substrate or board may have only one
single layer (single-layer circuit board) or
more than one layer (multilayer circuit
board). A conductive metal such as copper
is used to make conductive pathway or traces to facilitate flow of electricity. Once these conductive
traces are etched on the substrate, it is termed as “printed circuit board”
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PCB Designing

Printed Circuit Board Diagram
A circuit diagram is a diagram showing and

explaining how and where electronic
components will be mounted to achieve the
target product. Each component on a circuit
board diagram is represented by a circuit
symbol. Making a circuit diagram prior to
production is critical. It gives an idea of how
the circuit will work and how to achieve the
target product. A circuit diagram is essential for any new electronic product, device or gadget.
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How to Draw a Circuit Diagram?

Drawing a circuit diagram is not that difficult if you know the basics. Here are some Tips, Tutorial and
Guidelines:

1. Learn and understand all the common symbols and abbreviations for electronic components to be
used on the diagram.

. Using a ruler, draw connecting wires as straight lines. Use following symbols: ‘blob’ () at each
junction between wires, label components (resistors, capacitors, diodesetc) with their values, the
positive (+) supply should be at the top and the negative (-) supply at the bottom. Negative supply
is usually labeled OV, zero volts.

For complex circuit diagrams, start from left to right. So that signals flow from left to right (inputs
and controls should be on the left, outputs on the right).Printed Circuit Board Assembly

Mounting electronic components on the circuit board and getting it ready for use is what is called
circuit board assembly. A Circuit Board Assembly Process may use through-hole assembly technology
or surface mount technology (SMT) or a mix of both.

Once the circuit board is assembled with components it is ready for testing and finally to be assembled
with the product. But it is not guaranteed that a circuit board assembly will give 100% zero defect
production. There will be defects and these defect need to be reworked / repaired.

TEXT 21 PRINTED CIRCUIT BOARD — MATERIALS, DESIGN

RoOHS compliant PCB
The European Union bans the use of lead (among other heavy metals) in consumer items, a piece of

legislature called the RoHS, for Restriction of Hazardous Substances, directive. PCBs to be sold in the
EU must be RoHS-compliant, meaning that all manufacturing processes must not involve the use of
lead, all solder used must be lead-free, and all components mounted on the board must be free of lead,
mercury, cadmium, and other heavy metals.

Laminates
Laminates are manufactured by curing under pressure and temperature layers of cloth or paper

with thermoset resin to form an integral final piece of uniform thickness. The size can be up to 4 by 8
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feet (1.2 by 2.4 m) in width and length. Varying cloth weaves (threads per inch or cm), cloth thickness,
and resin percentage are used to achieve the desired final thickness and dielectric characteristics.
Available standard laminate thickness are listed in ANSI/IPC-D-275. The cloth or fiber material used,
resin material, and the cloth to resin ratio determine the laminate's type designation (FR-4, CEM-1, G-
10, etc.) and therefore the characteristics of the laminate produced. Important characteristics are the
level to which the laminate is fire retardant, the dielectric constant (er), the loss factor (t3), the tensile
strength, the shear strength, the glass transition temperature (Tq), and the Z-axis expansion
coefficient (how much the thickness changes with temperature). There are quite a few different
dielectrics that can be chosen to provide different insulating values depending on the requirements of
the circuit. Some of these dielectrics are polytetrafluoroethylene (Teflon), FR-4, FR-1, CEM-1 or
CEM-3. Well known pre-preg materials used in the PCB industry are FR-2 (phenolic cotton paper),
FR-3 (cotton paper and epoxy), FR-4 (woven glass and epoxy), FR-5 (woven glass and epoxy), FR-6
(matte glass and polyester), G-10 (woven glass and epoxy), CEM-1 (cotton paper and epoxy), CEM-2
(cotton paper and epoxy), CEM-3 (non-woven glass and epoxy), CEM-4 (woven glass and epoxy),
CEM-5 (woven glass and polyester). Thermal expansion is an important consideration especially
with ball grid array (BGA) and naked die technologies, and glass fiber offers the best dimensional
stability. FR-4 is by far the most common material used today. The board stock with unetched copper
on it is called "copper-clad laminate”. With decreasing size of board features and increasing
frequencies, small non-homogeneities like uneven distribution of fiberglass or other filler, thickness
variations, and bubbles in the resin matrix, and the associated local variations in the dielectric constant,
are gaining importance.

Key substrate parameters
The circuit board substrates are usually dielectric composite materials. The composites contain a matrix

(usually an epoxy resin) and a reinforcement (usually a woven, sometimes nonwoven, glass fibers,
sometimes even paper), and in some cases a filler is added to the resin (e.g. ceramics; titanite ceramics
can be used to increase the dielectric constant). The reinforcement type defines two major classes of
materials: woven and non-woven. Woven reinforcements are cheaper, but the high dielectric constant
of glass may not be favorable for many higher-frequency applications. The spatially nonhomogeneous
structure also introduces local variations in electrical parameters, due to different resin/glass ratio at
different areas of the weave pattern. Nonwoven reinforcements, or materials with low or no
reinforcement, are more expensive but more suitable for some RF/analog applications. The substrates
are characterized by several key parameters, chiefly thermomechanical (glass transition
temperature, tensile strength, shear strength, thermal expansion), electrical (dielectric constant, loss
tangent, dielectric breakdown voltage, leakage current, tracking resistance...), and others (e.g. moisture
absorption). At the glass transition temperature the resin in the composite softens and significantly
increases thermal expansion; exceeding Tg then exerts mechanical overload on the board components
- e.g. the joints and the vias. Below T the thermal expansion of the resin roughly matches copper and
glass, above it gets significantly higher. As the reinforcement and copper confine the board along the
plane, virtually all volume expansion projects to the thickness and stresses the plated-through holes.
Repeated soldering or other exposition to higher temperatures can cause failure of the plating,
especially with thicker boards; thick boards therefore require a matrix with a high Tg. The materials
used determine the substrate's dielectric constant. This constant is also dependent on frequency, usually
decreasing with frequency. As this constant determines the signal propagation speed, frequency
dependence introduces phase distortion in wideband applications; as flat a dielectric constant vs
frequency characteristic as is achievable is important here. The impedance of transmission lines
decreases with frequency, therefore faster edges of signals reflect more than slower ones. Dielectric
breakdown voltage determines the maximum voltage gradient the material can be subjected to before
suffering a breakdown (conduction, or arcing, through the dielectric). Tracking resistance determines
how the material resists high voltage electrical discharges creeping over the board surface. Loss tangent
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determines how much of the electromagnetic energy from the signals in the conductors is absorbed in
the board material. This factor is important for high frequencies. Low-loss materials are more
expensive. Choosing unnecessarily low-loss material is a common engineering error in high-frequency
digital design; it increases the cost of the boards without a corresponding benefit. Signal degradation
by loss tangent and dielectric constant can be easily assessed by an eye pattern. Moisture absorption
occurs when the material is exposed to high humidity or water. Both the resin and the reinforcement
may absorb water; water also may be soaked by capillary forces through voids in the materials and
along the reinforcement. Epoxies of the FR-4 materials aren't too susceptible, with absorption of only
0.15%. Teflon has very low absorption of 0.01%. Polyimides and cyanate esters, on the other side,
suffer from high water absorption. Absorbed water can lead to significant degradation of key
parameters; it impairs tracking resistance, breakdown voltage, and dielectric parameters. Relative
dielectric constant of water is about 73, compared to about 4 for common circuit board materials.
Absorbed moisture can also vaporize on heating, as during soldering, and cause cracking and
delamination, the same effect responsible for "popcorning” damage on wet packaging of electronic
parts. Careful baking of the substrates may be required to dry them prior to soldering.

Common substrates
Often encountered materials:

FR-2, phenolic paper or phenolic cotton paper, paper impregnated with a phenol formaldehyde
resin. Common in consumer electronics with single-sided boards. Electrical properties inferior to
FR-4. Poor arc resistance. Generally rated to 105 °C.

FR-4, a woven fiberglass cloth impregnated with an epoxy resin. Low water absorption (up to
about 0.15%), good insulation properties, good arc resistance. Very common. Several grades with
somewhat different properties are available. Typically rated to 130 °C.

Aluminum, or metal core board or insulated metal substrate (IMS), clad with thermally conductive

thin dielectric - used for parts requiring significant cooling - power switches, LEDs. Consists of

usually single, sometimes double layer thin circuit board based on e.g. FR-4, laminated on

aluminum sheet metal, commonly 0.8, 1, 1.5, 2 or 3 mm thick. The thicker laminates sometimes

also come with thicker copper metallization.

Flexible substrates - can be a standalone copper-clad foil or can be laminated to a thin stiffener,

e.g. 50-130 pm

o Kapton or UPILEX, a polyimide foil. Used for flexible printed circuits, in this form common
in small form-factor consumer electronics or for flexible interconnects. Resistant to high
temperatures.
Pyralux, a polyimide-fluoropolymer composite foil. Copper layer can delaminate during
soldering.

Less-often encountered materials:

FR-1, like FR-2, typically specified to 105 °C, some grades rated to 130 °C. Room-temperature

punchable. Similar to cardboard. Poor moisture resistance. Low arc resistance.

FR-3, cotton paper impregnated with epoxy. Typically rated to 105 °C.

FR-5, woven fiberglass and epoxy, high strength at higher temperatures, typically specified to

170 °C.

FR-6, matte glass and polyester

G-10, woven glass and epoxy - high insulation resistance, low moisture absorption, very high bond

strength. Typically rated to 130 °C.

G-11, woven glass and epoxy - high resistance to solvents, high flexural strength retention at high

temperatures. Typically rated to 170 °C.
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CEM-1, cotton paper and epoxy

CEM-2, cotton paper and epoxy

CEM-3, non-woven glass and epoxy

CEM-4, woven glass and epoxy

CEM-5, woven glass and polyester

PTFE, ("Teflon™) - expensive, low dielectric loss, for high frequency applications, very low
moisture absorption (0.01%), mechanically soft. Difficult to laminate, rarely used in multilayer
applications.

PTFE, ceramic filled - expensive, low dielectric loss, for high frequency applications. Varying
ceramics/PTFE ratio allows adjusting dielectric constant and thermal expansion.

RF-35, fiberglass-reinforced ceramics-filled PTFE. Relatively less expensive, good mechanical
properties, good high-frequency properties.

Alumina, a ceramic. Hard, brittle, very expensive, very high performance, good thermal
conductivity.

Polyimide, a high-temperature polymer. Expensive, high-performance. Higher water absorption
(0.4%). Can be used from cryogenic temperatures to over 260 °C.

Copper thickness

Copper thickness of PCBs can be specified directly or as the weight of copper per area (in ounce per
square foot) which is easier to measure. One ounce per square foot is 1.344 mils or 34 micrometers
thickness. Heavy copper is a layer exceeding three ounces of copper per ft?, or approximately
0.0042 inches (4.2 mils, 105 um) thick. Heavy copper layers are used for high current or to help
dissipate heat. On the common FR-4 substrates, 1 0z copper per ft? (35 um) is the most common
thickness; 2 0z (70 um) and 0.5 oz (18 um) thickness is often an option. Less common are 12 and

105 pm, 9 um is sometimes available on some substrates. Flexible substrates typically have thinner
metalization. Metal-core boards for high power devices commonly use thicker copper; 35 um is usual
but also 140 and 400 um can be encountered.

Design

A board designed in 1967; the sweeping curves in the traces are = 5%
evidence of freehand design using adhesive tape ¢

Initially PCBs were designed manually by creating =g

a photomask on a clear mylar sheet, usually at two or four times |

the true size. Starting from the schematic diagram the component 4

pin pads were laid out on the mylar and then traces were routed to *

connect the pads. Rub-on dry transfers of common component

footprints increased efficiency. Traces were made with self- [ & Y
adhesive tape. Pre-printed non-reproducing grids on the mylar aSS|sted in Iayout The f|n|shed
photomask was photolithographically reproduced onto a photoresist coating on the blank copper-clad
boards. Modern PCBs are designed with dedicated layout software, generally in the following steps:

1. Schematic capture through an electronic design automation (EDA) tool.
2. Card dimensions and template are decided based on required circuitry and case of the PCB.
3. The positions of the components and heat sinks are determined.
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. Layer stack of the PCB is decided, with one to tens of layers depending on
complexity. Ground and power planes are decided. A power plane is the counterpart to a
ground plane and behaves as an AC signal ground while providing DC power to the circuits
mounted on the PCB. Signal interconnections are traced on signal planes. Signal planes can be
on the outer as well as inner layers. For optimal EMI performance high frequency signals are
routed in internal layers between power or ground planes.

. Line impedance is determined using dielectric layer thickness, routing copper thickness and
trace-width. Trace separation is also taken into account in case of differential
signals. Microstrip, stripline or dual stripline can be used to route signals.

. Components are placed. Thermal considerations and geometry are taken into account. Vias and
lands are marked.

. Signal traces are routed. Electronic design automation tools usually create clearances and
connections in power and ground planes automatically.

. Gerber files are generated for manufacturing.

TEXT 22 SURFACE TENSION

We are familiar with the surface tension of water as a force that retains the cold water in globules on
a greasy plate. The adhesive force that tends to spread the liquid on the solid is, in this case, less than
the cohesive force. Washing with warm water and using a detergent reduces the surface tension and
the water wets the greasy plate and flows out into a thin layer. It happens if the adhesive force is
stronger than the cohesive force. The cohesive force of tin/lead solder is even higher than that of water
and also draws the solder into spheres, as it tends to minimize the surface area (a sphere has the smallest
surface of any geometric configuration with equal volume in order to satisfy the requirements of the
lowest state of energy). Flux acts similarly as the detergent does with the greasy plate. Further, surface
tension is highly dependent on any contamination on the surface, as well as, on temperature. Only if
the adhesion energy becomes much stronger than the surface energy (cohesive force), ideal wetting
will occur.

Creation of an Inter-metallic Compound
The intermolecular bond of copper and tin forms crystalline grains whose shape and size is determined

by the duration and intensity of the temperature while soldering. Less thermal application results in
fine crystalline structures, which results in excellent solder joints having an optimum strength. Longer
reaction times, provided by either longer time or higher temperature or both, result in coarse crystalline
structures having less shear strength because of being more gritty and brittle. With copper as the base
metal and tin/lead as solder alloy, lead does not form any inter-metallic compound with copper.
However, tin penetrates into copper and the intermolecular bond of tin and copper forms the inter
metallic compounds Cu3Sn and Cu6Sn5 at the interface of solder and the metal being joined. This is
shown in Figure 13.1a. The inter-metallic layer (n-phase plus e-phase) must be every thin. In laser
soldering, the intermetallic layer has a thickness of the order of 0.1 mm. In wave soldering and manual
soldering, the thicknesses of the intermolecular bond of excellent solder joints mostly exceed 0.5 mm.
Since the shear strength of the solder joint decreases with an increase in the thickness of the inter-
metallic layer, the attempt is always made to keep the thickness less than 1 mm. This can be achieved
by keeping the soldering time as short as possible. The layer thickness of the inter-metallic compound
depends on the temperature and time taken to form the joint. Ideally a soldered connection should be
made at approximate 220 °C for two seconds. The chemical diffusion reaction between copper and tin
will produce under these conditions the optimal amount, 0.5 m, of the inter-metallic bonding material
Cu3Sn and Cu6Snb5. Insufficient intermetallic bond, as seen in a cold solder joint or a joint that has not
been raised to the proper temperature, can result in a shearing at this interface. In contrary, too much

NN NN NN S S SN S NS S NS S NS NS
SNPNPNNINN NN NN PN NN NN NN N NN NN NN NN NN N NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN

SNENENENANTNN NN NN NN NN N NN NN N NN NN NN N N NN NN NN NN NN NN NN N NN NNNT


https://en.wikipedia.org/wiki/Ground_plane
https://en.wikipedia.org/wiki/Power_plane
https://en.wikipedia.org/wiki/Alternating_current
https://en.wikipedia.org/wiki/Electromagnetic_interference
https://en.wikipedia.org/wiki/Line_impedance
https://en.wikipedia.org/wiki/Microstrip
https://en.wikipedia.org/wiki/Stripline
https://en.wikipedia.org/wiki/Via_(electronics)
https://en.wikipedia.org/wiki/Signal_trace
https://en.wikipedia.org/wiki/Routing_(electronic_design_automation)
https://en.wikipedia.org/wiki/Gerber_file

v/ S S S S S S S S S S S S S

inter-metallic, as seen in a joint that has been overheated or is held too long at temperature, can result
in a drastic weakening of the tensile strength of the joint

The Wetting Angle

The ability of a surface to be wetted by solder can, to some extent, be assessed by the shape of the
meniscus formed when a drop of solder is placed on the hot, fluxed surface, approximately 35 °C
above the eutectic point of the solder. If the meniscus has a noticeable undercut edge, like a water
drop on a greasy plate or even if it tends to form balls, the metal is not at all solderable. The
solderability is good only when the meniscus draws out to a fine angle of less than 30°.

Soldering Variables

The important variables of soldering are: temperature, time, tarnish-free surface, right flux and right
solder. These variables are important to all the soldering techniques and should be always kept in
mind. For achieving good results the golden rule is “Applying the right temperature to the solder as
well as to the lands/terminations to be soldered for the correct time on a clean surface by using the
right flux and proper solder will provide excellent joint looking bright and shiny”.

Temperature and Time Taken for Soldering

The temperature and the time of heat application determine the thickness of the inter-metallic
compound.

Because of the brittleness of the inter-metallic layer, a too thick layer may cause solder cracking under
conditions of thermal or mechanical stress. Beside, the larger thickness of the inter-metallic compound,
excess of heat and its longer application may also destroy heat-sensitive components as well as the
board. The aim is to keep the temperature low and the time of the highest heat application as short as
possible. For surface mounted components, the shear strength is very critical. Due to the different
thermal expansion coefficients of the board and components, temperature changes lead to different
changes in length and the creation of shear forces especially for larger components.
The temperature for soldering depends on the melting point of solder and its application. For
each metal and solder combination, there is a critical temperature below which wetting does not
occur or take place to a very small extent. As a rule of thumb, the temperature in re-flow soldering
processes should be 30° to 50° and in wave soldering 45° to 60° above the melting point of the
solder. A good starting point in manual soldering is a temperature setting of 85° above the melting
point of the solder. The application of heat should be homogeneous since the solder always tends to
flow towards the higher temperature.

Tarnish-free Surface

The solder will wet the metal only when the metal to be soldered is free from any tarnish. Although
the surfaces to be soldered may look clean, there is always a thin film of oxide covering it. The outer
layer of the metal attracts water and various gases get physically bound and below it, they may be
chemically bound with oxides, sulphides and carbonates. For a good solder bond, all dirt, grease
and surface oxides must be removed before and with the help of flux during the soldering process.

Application of Right Flux and Proper Solder

Fluxes should remove the tarnish from base metals and prevent them from reforming oxides while
soldering. The effectiveness of the flux in removing oxide is called “activity” which depends on the
activators that are used. A highly active flux will remove oxides. However, the corrosiveness of
acids desirable to remove the reaction layer of the tarnish may damage the electronic components.
Even mild acids, if not removed, leave a residue that continues to corrode after the soldering process
is complete, leading to future failure. The selection of the flux depends on the soldering process chosen,
the metal being soldered and on the cleanness of the metal. The plastic range of a solder varies,
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depending upon the ratio of the metals forming the solder alloy, e.g. tin to lead. The 63/37 ratio, known
as eutectic solder has practically no plastic range, and melts almost instantly at 183 °C and therefore is
usually recommended. Besides, the purity of solder is very important. The presence of more than 0.5
per cent of contaminants within common soft solders may not give the required quality.

TEXT 23 TYPES OF ELECTRICAL CABLE

by Natasha Gilani
An electrical cable, or power cable, is used to transmit electrical power. Electrical cables provide
connection and allow power stations, wired computer networks, televisions, telephones and other
electricity-powered devices to work. There are many types of electrical cables that differ in
configuration, size and performance.

Components of Electrical Cables

All electrical cables consist of at least two conducting wires and an outer protective jacket. For
medium to high power cables that carry high voltages, the conducting wires within the outer
protective jacket may individually be enclosed in insulating sheaths. Electrical conductors are
commonly made of copper. Synthetic polymers make the outer jacket and protective, insulating
material.

Coaxial Cable

A coaxial electrical cable has a copper-plated core, surrounded by a dielectric insulator. A woven
shield of copper surrounds the insulating layer, which is finally wound by an outmost plastic sheath.
Coaxial cables differ in size, performance, flexibility, power handling capabilities and cost. They are
used to connect home audio and video equipment, television networks and components of a local
area network. Hard line, leaky cable, RG/6, twin-axial, biaxial and semi-rigid are types of coaxial
cables.

Ribbon Cable

A ribbon electrical cable (also called multi-wire planar electrical cable or flat twin cables) is made
up of multiple insulated wires running parallel to each other. These parallel wires allow the
simultaneous transmission of multiple signals of data. According to “Optical Communications
Essentials,” a typical ribbon cable consists of four to 12 wires. It is commonly used to interconnect
network devices. Ribbon cables also connect the motherboard with other core CPU (central
processing unit) components in computers.

Twisted Pair Cable

A twisted pair electrical cable consists of pairs of insulated copper wires (that are color coded), which
are twisted around each other. The diameter of each wire ranges from 0.4 to 0.8 mm, and the number
of pairs vary in different types of twisted pair cables. The greater the number of pairs, the higher the
resistance of the cable will be to external noise and cross-talk. Twisted pair cables are easy to install,
flexible and inexpensive. They are used for telephone cabling and to wire local area networks.

Shielded Cable

A shielded electrical cable is made of one or more insulated wires that are collectively enclosed by
an aluminum Mylar foil or woven braid shielding. The shielding prevents the cable from external
radio and power frequency interference, allowing the signal transmission to proceed smoothly. High-
voltage power cables are commonly shielded.
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TEXT 24 THE BASICS OF WIRING HARNESSES FOR INDUSTRIAL ENGINES
Technosoft Engineering, Jan 19, 2018

Acting as the central nervous system to many vehicle electronics designs, wiring harnesses for
engines and rotating machines are used in the transmission of signals or electrical power. As applications
become increasingly complex, innovation in the design and manufacturing process becomes even more
critical. Bound tightly together, these harnesses provide advantages over loose wires and cables.
Commonly used in automobiles, marine vessels and off-highway vehicles, they act as an efficient space
saver. If the wires in these vehicles were stretched out, they would be over several miles long fully
extended. Binding the cables with the use of a wiring harness, they are better protected from adverse
effects caused by vibrations, moisture and abrasions. Biding the wires also decreases the risk of the
wires short-circuiting.

The creation of electrical harness has traditionally been planned through a combination of
desktop documentation and 2D drawings. The size of the harness segments was typically derived from
actual physical measurements of a prototype. These techniques for the development of the electrical
harness are labor intensive and highly inaccurate. But harness development in 3D CAD has been a
demanding and formidable task that is prone to error, and typically still requires separate documentation
for electrical interconnect information.

Wiring harnesses also make installation easier. By eliminating the need to install multiple wires,
the installation process can be easily standardized and the time it takes for installation decreases
dramatically.

Designed according to both geometric and electrical requirements, wiring harnesses can be fully
customized. Wires are first cut to the specified length using a special machine. The ends of the wires
are then stripped to expose the metal, or core, of the wires. The core of the wire is then fitted for any
required terminals or connector housings. According to the design specifications, the cables are then
assembled and bound together. A protective sleeve made of pipe or conduit is then fitted if necessary.

Generally, these harnesses are manufactured by hand due to the many different processes
involved. This includes, routing the wires through sleeves and fastening strands with tape, clamps or
cable ties. While these processes are difficult to automate, experienced manufacturers can offer high-
quality, handmade wiring harnesses that are still cost efficient. See 2D wiring harness routing for
more.

Depending on the final use and environment in which the wiring harness will operate, a different
harness maybe needed. There are many types of harnesses.

- Open Bundles: The wires are attached to connectors, terminal lugs, and are then tied into
bundles with multiple breakouts by means of plastic tie wraps or waxed lacing twine.

- Closed Bundles: Wires are bundled with a covering, such as pulled-on braided tubing, braided-
on Nomex or nylon, or in some cases, metal braid.

- Waterproof Harnesses: The legs are covered with tubing, such as neoprene. The junctions
between the legs and back shells of the connectors are over molded with a material such as urethane or
rubber compounds. In some cases, PVC tubing and molding are used.
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CONTROL QUESTIONS BY THEMES:

Types of Electrical Cable, The Basics of Wiring Harnesses for Industrial Engines,
Requirements of Solder Pastes, Printed circuit board. Materials (Part 1), Printed circuit
board. Design (Part 2), Surface Tension

THE SCHEME FOR THE QUESTIONS ANSWERS:

1) TEXT 1. Beimumimre U3 TEKCTa 5 KIIFOUEBBIX MPEII0KEHUMN, XapaKTePH3YIOIINX
THIIBI KaOes.
[TepeBenute cnenyroiiee npeaioxeHue. YTo He Tak B 3ToM mnpemiioxenun? Haiioure
ero B Tekcre. Ecnu Hamo, ckoppektupyiite ero. OO0CHYHTE CBOM OTBET.

A woven shield of silver surrounds the insulating layer spot, which is finally wound by an outmost
plastic sheath. Coaxial cables differ in circuits board, performance, flexibility, power handling
capabilities and cost.

2) TEXT 2. Beimummre W3 TEKCTa TOJNBKO mexHuueckue Oauuvle. [louemy BBI
pEelIMIM, YTO BBIOpaHHbIE BaMH MpemsiokeHus TexHudyeckue? OOOCHyHTE CBOM
oTBeT (3-4 mpeaIoKEHHUs ).

3) TEXT 3. B 7 npemioxkeHusIX IepecKaKuTe TEKCT Ha aHTJI. 3.

[lepeBenuTe BBIAEIEHHOE CJIOBO, 3aMEHHTE €ro CHHOHUMOM. lloscHuTe CyTh
CJIEYIOIIETO MPEIJIOKEHUSI CBOUMHU CIIOBAMHU HA aHTJ. f3.:

It is wiped across the stencil or screen with a squeegee, which pushes the paste through the openings,
depositing it on the lands at the right places.

4) TEXT 4. Vkaxure TJIaBHYH HJCK0 TeKCTa (BBIMHUIIECTE MPEIJIOKCHUS, IJIe
BBIPAKACTCS CYTh).

[lepeBenuTe manHOE HWXKE TpenokeHue. JIBa cioBa CTOST HE Ha CBOMX MeECTax.

MEHSIOT JT1 OHU CMBICIT BCETO TpeIiokeHusi? VicrpaBbTe, €CIi CYUTACTE, YTO MEHSIOT.

Woven are cheaper, but the high dielectric constant of glass may not be reinforcements favorable for
many higher-frequency applications. The nonhomogeneous spatially structure also introduces local
variations in electrical parameters, due to different resin/glass ratio at different areas of the weave

pattern.;
5) TEXT 5. Kak MoxHO npoBepHTh aTy? B 5 npeuioskeHusX Ha aHIIL. 3. OTHIITUTE
poLuecc.

6) TEXT 6. Beimmummure 5 BaXHBIX TEPMHHOB TEKCTa, 0€3 KOTOPBIX OBUIO OBI

HEBO3MOKHO TIOHATH CMBICT TekcTa. [louemy BBl Tak permmnu? OO0OCHYHTE CBOM
BbI0OD (1-2 mipeyioxkeHuss B 000CHOBaHWN)
IlepeBenuTe cioBocoueTanue - eutectic solder. 3to TepmuH, aBa ci10Ba, 0Opa3yrOIIKE
TEPMUH, UM MPOCTO CJIOBa, Nepeaaronire 3Hauenne? OO0CHyHTe Ball OTBET Ha aHII.
5I3.
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[TepeBenuTe BbIIEJIEHHBIE CIIOBA OTAEJIBHO, TOTOM B KOHTEeKCcTe. OOBSICHUTE CBOUMU
(aHTTIMICKMMHM) CIIOBAMH CMBICJI ONMCAHHOTO IMpoIecca.

A highly active flux will remove oxides. However, the corrosiveness of acids desirable to remove the
reaction layer of the tarnish may damage the electronic components. Even mild acids, if not removed,
leave a residue that continues to corrode after the soldering process is complete, leading to future
failure.

| APPENDIX
TEXT 1. Types of Electrical Cable

An electrical cable, or power cable, is used to transmit electrical power. Electrical cables provide
connection and allow power stations, wired computer networks, televisions, telephones and other
electricity-powered devices to work. There are many types of electrical cables that differ in
configuration, size and performance.

Components of Electrical Cables All electrical cables consist of at least two conducting wires
and an outer protective jacket. For medium to high power cables that carry high voltages, the
conducting wires within the outer protective jacket may individually be enclosed in insulating
sheaths. Electrical conductors are commonly made of copper. Synthetic polymers make the outer
jacket and protective, insulating material.

Coaxial Cable A coaxial electrical cable has a copper-plated core, surrounded by a dielectric
insulator. A woven shield of copper surrounds the insulating layer, which is finally wound by an
outmost plastic sheath. Coaxial cables differ in size, performance, flexibility, power handling
capabilities and cost. They are used to connect home audio and video equipment, television networks
and components of a local area network. Hard line, leaky cable, RG/6, twin-axial, biaxial and semi-
rigid are types of coaxial cables.

Ribbon Cable A ribbon electrical cable (also called multi-wire planar electrical cable or flat twin
cables) is made up of multiple insulated wires running parallel to each other. These parallel wires
allow the simultaneous transmission of multiple signals of data. According to “Optical
Communications Essentials,” a typical ribbon cable consists of four to 12 wires. It is commonly used
to interconnect network devices. Ribbon cables also connect the motherboard with other core CPU
(central processing unit) components in computers.

Twisted Pair Cable A twisted pair electrical cable consists of pairs of insulated copper wires
(that are color coded), which are twisted around each other. The diameter of each wire ranges from
0.4 to 0.8 mm, and the number of pairs vary in different types of twisted pair cables. The greater the
number of pairs, the higher the resistance of the cable will be to external noise and cross-talk. Twisted
pair cables are easy to install, flexible and inexpensive. They are used for telephone cabling and to
wire local area networks.

Shielded Cable A shielded electrical cable is made of one or more insulated wires that are
collectively enclosed by an aluminum Mylar foil or woven braid shielding. The shielding prevents
the cable from external radio and power frequency interference, allowing the signal transmission to
proceed smoothly. High-voltage power cables are commonly shielded.

TEXT 2. The Basics of Wiring Harnesses for Industrial Engines

Acting as the central nervous system to many vehicle electronics designs, wiring harnesses for
engines and rotating machines are used in the transmission of signals or electrical power. As applications
become increasingly complex, innovation in the design and manufacturing process becomes even more
critical. Bound tightly together, these harnesses provide advantages over loose wires and cables.
Commonly used in automobiles, marine vessels and off-highway vehicles, they act as an efficient space
saver. If the wires in these vehicles were stretched out, they would be over several miles long fully
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extended. Binding the cables with the use of a wiring harness, they are better protected from adverse
effects caused by vibrations, moisture and abrasions. Biding the wires also decreases the risk of the
wires short-circuiting.

The creation of electrical harness has traditionally been planned through a combination of
desktop documentation and 2D drawings. The size of the harness segments was typically derived from
actual physical measurements of a prototype. These techniques for the development of the electrical
harness are labor intensive and highly inaccurate. But harness development in 3D CAD has been a
demanding and formidable task that is prone to error, and typically still requires separate documentation
for electrical interconnect information.

Wiring harnesses also make installation easier. By eliminating the need to install multiple wires,
the installation process can be easily standardized and the time it takes for installation decreases
dramatically.

Designed according to both geometric and electrical requirements, wiring harnesses can be fully
customized. Wires are first cut to the specified length using a special machine. The ends of the wires
are then stripped to expose the metal, or core, of the wires. The core of the wire is then fitted for any
required terminals or connector housings. According to the design specifications, the cables are then
assembled and bound together. A protective sleeve made of pipe or conduit is then fitted if necessary.

Generally, these harnesses are manufactured by hand due to the many different processes
involved. This includes, routing the wires through sleeves and fastening strands with tape, clamps or
cable ties. While these processes are difficult to automate, experienced manufacturers can offer high-
quality, handmade wiring harnesses that are still cost efficient. See 2D wiring harness routing for
more.

Depending on the final use and environment in which the wiring harness will operate, a different
harness maybe needed. There are many types of harnesses.

- Open Bundles: The wires are attached to connectors, terminal lugs, and are then tied into
bundles with multiple breakouts by means of plastic tie wraps or waxed lacing twine.

- Closed Bundles: Wires are bundled with a covering, such as pulled-on braided tubing, braided-
on Nomex or nylon, or in some cases, metal braid.

- Waterproof Harnesses: The legs are covered with tubing, such as neoprene. The junctions
between the legs and back shells of the connectors are over molded with a material such as urethane or
rubber compounds. In some cases, PVC tubing and molding are used.

TEXT 3. Requirements of Solder Pastes
Solder pastes must meet the following requirements: The individual powder particles of the solder
alloy should have a homogeneous distribution of the metal within the paste as well as a fair equality of
shape and surface roughness of the individual powder particles. It should develop an adhesive action
in order to hold the components in place until the reflow operation has been finished. It must not tend
to solder balling; if they become detached on the substrate, they may cause short circuits. It has to
maintain its shape during curing and reflow and must remain on the pads, not leaking to unsolderable
parts of the PCB. It must have sufficient activity as the solder paste is sometimes in contact with the
parts for several hours.
Solder Paste Application

The reflow soldering process starts mostly with the application of solder paste to the specific
areas of the circuit board where the components will be attached. Solder paste printing is commonly
applied by stencil or screen-printing. It is wiped across the stencil or screen with a squeegee, which
pushes the paste through the openings, depositing it on the lands at the right places. With solder paste
printing, the entire amount of solder is deposited on the PCB in one operational step. Solder paste
application with dispenser is generally used for laboratory applications because of its flexibility. With

NN NN NN S S SN S NS S NS S NS NS
SNPNPNNINN NN NN PN NN NN NN N NN NN NN NN NN N NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN

SNENENENENENN NN NN NN N NN NN NN TN NN NN NN TN N NN NN N NN NN NN NN NN NN N NT


https://www.technosofteng.com/services/electrical-engineering-services/

v/ S S S S S S S S S S S S S

a dispenser, the solder paste can be applied not only in form of dots, but also in stripes, which may be
more useful and accurate in certain cases.
Handling of Solder Paste

Solder paste ages and changes with temperature, humidity and light. The following precautions
may be taken while handling solder paste, keeping in view the recommendations of the paste supplier;
Store solder paste in a clean, cool, dry and dark location. Before opening refrigerated solder paste, keep
it for 24 hours at room temperature to avoid water condensation. Do not mix old and new pastes since
the fluxes and thinners will evaporate at different rates. Stir solder paste at least 30 seconds before
applying to the stencil/screen. Use only clean and inert tools (Such as made of stainless steel, Teflon,
Polyethylene). Apply to the stencil/screen the amount of paste just required for printing.

TEXT 4. Printed circuit board. Materials (Part 1)

Key substrate parameters

The circuit board substrates are usually dielectric composite materials. The composites contain
a matrix (usually an epoxy resin) and a reinforcement (usually a woven, sometimes nonwoven, glass
fibers, sometimes even paper), and in some cases a filler is added to the resin (e.g. ceramics; titanate
ceramics can be used to increase the dielectric constant). The reinforcement type defines two major
classes of materials: woven and non-woven. Woven reinforcements are cheaper, but the high dielectric
constant of glass may not be favorable for many higher-frequency applications. The spatially
nonhomogeneous structure also introduces local variations in electrical parameters, due to different
resin/glass ratio at different areas of the weave pattern. Nonwoven reinforcements, or materials with
low or no reinforcement, are more expensive but more suitable for some RF/analog applications.

The substrates are characterized by several key parameters, chiefly thermomechanical (glass
transition temperature, tensile strength, shear strength, thermal expansion), electrical (dielectric
constant, loss tangent, dielectric breakdown voltage, leakage current, tracking resistance...), and others
(e.g. moisture absorption). At the glass transition temperature the resin in the composite softens and
significantly increases thermal expansion; exceeding Tq then exerts mechanical overload on the board
components - e.g. the joints and the vias. Below T4 the thermal expansion of the resin roughly matches
copper and glass, above it gets significantly higher. As the reinforcement and copper confine the board
along the plane, virtually all volume expansion projects to the thickness and stresses the plated-through
holes. Repeated soldering or other exposition to higher temperatures can cause failure of the plating,
especially with thicker boards; thick boards therefore require a matrix with a high Tg. The materials
used determine the substrate's dielectric constant. This constant is also dependent on frequency, usually
decreasing with frequency. As this constant determines the signal propagation speed, frequency
dependence introduces phase distortion in wideband applications; as flat a dielectric constant vs
frequency characteristic as is achievable is important here. The impedance of transmission lines
decreases with frequency, therefore faster edges of signals reflect more than slower ones. Dielectric
breakdown voltage determines the maximum voltage gradient the material can be subjected to before
suffering a breakdown (conduction, or arcing, through the dielectric). Tracking resistance determines
how the material resists high voltage electrical discharges creeping over the board surface.

Loss tangent determines how much of the electromagnetic energy from the signals in the
conductors is absorbed in the board material. This factor is important for high frequencies. Low-loss
materials are more expensive. Choosing unnecessarily low-loss material is a common engineering error
in high-frequency digital design; it increases the cost of the boards without a corresponding benefit.
Signal degradation by loss tangent and dielectric constant can be easily assessed by an eye pattern.
Moisture absorption occurs when the material is exposed to high humidity or water. Both the resin and
the reinforcement may absorb water; water also may be soaked by capillary forces through voids in the
materials and along the reinforcement. Epoxies of the FR-4 materials aren't too susceptible, with
absorption of only 0.15%. Teflon has very low absorption of 0.01%. Polyimides and cyanate esters, on
the other side, suffer from high water absorption. Absorbed water can lead to significant degradation
of key parameters; it impairs tracking resistance, breakdown voltage, and dielectric parameters.
Relative dielectric constant of water is about 73, compared to about 4 for common circuit board
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materials. Absorbed moisture can also vaporize on heating, as during soldering, and cause cracking
and delamination, the same effect responsible for "popcorning” damage on wet packaging of electronic
parts. Careful baking of the substrates may be required to dry them prior to soldering.

TEXT 5. Printed circuit board. Design (Part 2)

Assembly PCB with test connection pads

In assembly the bare board is populated (or "stuffed™) with electronic . ot

components to form a functional printed circuit assembly (PCA), §

sometimes called a “printed circuit board assembly"

(PCBA). In through-hole technology, the component leads are inserted

in holes surrounded by conductive pads; the holes keep the components %5

in place. In surface-mount technology (SMT), the component is placed

on the PCB so that the pins line up with the conductive padsor lands on

the surfaces of the PCB; solder paste, which was previously applied to the pads, holds the components
in place temporarily; if surface-mount components are applied to both sides of the board, the bottom-
side components are glued to the board. In both through hole and surface mount, the components are
then soldered; once cooled and solidified, the solder holds the components in place permanently and
electrically connects them to the board. There are a variety of soldering techniques used to attach
components to a PCB. High volume production is usually done with a "Pick and place machine"
or SMT placement machine and bulk wave soldering or reflow ovens, but skilled technicians are able
to hand-solder very tiny parts (for instance 0201 packages which are 0.02 in. by 0.01 in.) under
a microscope, using tweezers and a fine-tip soldering iron, for small volume prototypes. Some SMT
parts cannot be soldered by hand, such as BGA packages. All through-hole components can be hand
soldered, making them favored for prototyping where size, weight, and the use of the exact components
that would be used in high volume production are not concerns. Often, through-hole and surface-mount
construction must be combined in a single assembly because some required components are available
only in surface-mount packages, while others are available only in through-hole packages. Or, even if
all components are available in through-hole packages, it might be desired to take advantage of the
size, weight, and cost reductions obtainable by using some available surface-mount devices. Another
reason to use both methods is that through-hole mounting can provide needed strength for components
likely to endure physical stress (such as connectors that are frequently mated and demated or that
connect to cables expected to impart substantial stress to the PCB-and-connector interface), while
components that are expected to go untouched will take up less space using surface-mount
techniques. For further comparison, see the SMT page. After the board has been populated it may be
tested in a variety of ways:

While the power is off, visual inspection, automated optical inspection. JEDEC guidelines for PCB
component placement, soldering, and inspection are commonly used to maintain quality control in
this stage of PCB manufacturing.

While the power is off, analog signature analysis, power-off testing.

While the power is on, in-circuit test, where physical measurements (for example, voltage) can be
done.

While the power is on, functional test, just checking if the PCB does what it had been designed to
do.

To facilitate these tests, PCBs may be designed with extra pads to make temporary connections.
Sometimes these pads must be isolated with resistors. The in-circuit test may also exercise boundary
scan test features of some components. In-circuit test systems may also be used to program nonvolatile
memory components on the board. In boundary scan testing, test circuits integrated into various ICs on
the board form temporary connections between the PCB traces to test that the 1Cs are mounted
correctly. Boundary scan testing requires that all the I1Cs to be tested use a standard test configuration
procedure, the most common one being the Joint Test Action Group (JTAG) standard. The JTAG test
architecture provides a means to test interconnects between integrated circuits on a board without using
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physical test probes, by using circuitry in the ICs to employ the IC pins themselves as test
probes. JTAG tool vendors provide various types of stimuli and sophisticated algorithms, not only to
detect the failing nets, but also to isolate the faults to specific nets, devices, and pins. When boards fail
the test, technicians may desolder and replace failed components, a task known as rework.

TEXT 6. Surface Tension

We are familiar with the surface tension of water as a force that retains the cold water in
globules on a greasy plate. The adhesive force that tends to spread the liquid on the solid is, in this
case, less than the cohesive force. Washing with warm water and using a detergent reduces the surface
tension and the water wets the greasy plate and flows out into a thin layer. It happens if the adhesive
force is stronger than the cohesive force. The cohesive force of tin/lead solder is even higher than that
of water and also draws the solder into spheres, as it tends to minimize the surface area (a sphere has
the smallest surface of any geometric configuration with equal volume in order to satisfy the
requirements of the lowest state of energy). Flux acts similarly as the detergent does with the greasy
plate. Further, surface tension is highly dependent on any contamination on the surface, as well as, on
temperature. Only if the adhesion energy becomes much stronger than the surface energy (cohesive
force), ideal wetting will occur.

Tarnish-free Surface

The solder will wet the metal only when the metal to be soldered is free from any tarnish.
Although the surfaces to be soldered may look clean, there is always a thin film of oxide covering it.
The outer layer of the metal attracts water and various gases get physically bound and below it, they
may be chemically bound with oxides, sulphides and carbonates. For a good solder bond, all dirt, grease
and surface oxides must be removed before and with the help of flux during the soldering process.
Application of Right Flux and Proper Solder

Fluxes should remove the tarnish from base metals and prevent them from reforming oxides
while soldering. The effectiveness of the flux in removing oxide is called “activity” which depends on
the activators that are used. A highly active flux will remove oxides. However, the corrosiveness of
acids desirable to remove the reaction layer of the tarnish may damage the electronic components. Even
mild acids, if not removed, leave a residue that continues to corrode after the soldering process is
complete, leading to future failure. The selection of the flux depends on the soldering process chosen,
the metal being soldered and on the cleanness of the metal. The plastic range of a solder varies,
depending upon the ratio of the metals forming the solder alloy, e.qg. tin to lead. The 63/37 ratio, known
as eutectic solder has practically no plastic range, and melts almost instantly at 183 °C and therefore is
usually recommended. Besides, the purity of solder is very important. The presence of more than 0.5
per cent of contaminants within common soft solders may not give the required quality.
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