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1. Discrete Technique. 

2. Integrated Circu it Technique. 

3. Hybrid Technique. 

,) Discrete Technique. 

• 
B~lIalJ , 

, Ie I ,.I ~ I ., .. '"" llFl~:""U~1'" 'IlLU\.LC'f'U tJ,::nDU"IIllJ1J'., ,::utInOtU \1" fl'l'fl Act i ve dey ices 
. ,.. I .oj # -II 

("4..1 flLln'nl'Wilt'M1fl1, 'fl hlfl. Field Effect Transistor LU\.l.rl\l.) ll~:: Passive 
.,0/1 Ii: ... 

devices (resistor capacitor . transformer Ll~: inductor) 1:Utlnm.uu\.L'IU 1 flfl 

I I , ..... '1 .. ,oj.... I 

flUUUU 'Il\m!'l:flDm.lfI1t1~lD W f1DnllUfln1L '1'fJ1J \" flm,th: nflUf}!JmUL~U ,.", lUA: • • 
, ..... 1:: .""" ...... " 

fl!ln1UnUl1'Y1flJUflJ 'JJmmUtHl~U'\.LLLj..j't.alnl~flmL"II,antHL~\.l. iJn1U l ,l 1 

n".1'U~J1J"L"\iJl::~nr""·unTnh:nf)U1J'i1'yJ~'LU\UlfH'\r1 mnJ ";, 1.:1 t'lfl • 
ll,..JJ,," ~1 ;fl11iJ~f)WAlfliflV~Jll!'l:: ,J11L ~UrlDJ t 'f1UJ1'ol. ~ ~ n1111;'\I. lOJ (II n,n 1~"'~fl 

• 
lflul ;Lu.j.J1J'n:~ rei iabi Ii ty t'l JLlfl::nl1;; m'H111'll nli~ lV;'lf1--1D fhH'i",nnm ~ '" 1ti.;, 

• • .. ". l' ., 1· ,. 1" lJ"UU'Ul,nl Ul'1'lElrt11'U'1l'Urlf\1 un: Y11Y1ffU'i:l.J'1:nm.JElElU~ll{..l ·.n.J'"UYlUn11 'if 
" . " " , . 1'IYimnmU'i:t'flEl 'VJUlJlJln1 

;,r;m"'P'l'!lDJ Discrete Tech,nique ;;fl'JL"')Jl::n"'ul.J,,~tiJUlnmnu(!l::lu 
• • ~ .d~ ..... .... .J'" 

01'Jlh::nOU11Ul\.unn 1 '!;}Jllfl1""LlIfJLYI!lUnUDn 2 11)1'I,:mn1r\D 1.1 
• 

lh:nOUlfl~DJnlultu Iflll 1; Discrete Technique ~!'In':';llfl~OJnl\nnt~~'!lUlr\ 
1 . 1"· "' .. ." l-1qJ, '1mAJ 'VJYillJln • .,.,mUWJi.l~:[jlnfltm"'f111'lLn Discrete Technique un!"!:: 

ri ,,., ,.. .. lJ 1 J ,,,,~'Jv J III n 'U"'nun: ;lU lun l1~nf1 ri 1 
• 

2) Integrated Circuit Technique, 

fil11 Integ rated circuit ,.,'onlr1Ell1 I e ~rnl.fm')lJ. Fully integrated 
• 

circuit llHl monolithic integrated circuit 

• 



".. , l1li • 
"\llfttlllll~ll111tm[Jnfl ~m U ,\un", '1 

or:j. I " .. ... 

1 UUt'll'\.!. fit! '\.JU' Ul fl[J 1n \.l 
• 

, I , ... 

Ufl impurity concentration lltl:ltJn~f11Jnu . 
• 

• T" ,A", 
"U~' Ut'lfhl flHl"lH "I!DJ1~~illUUJ1!1 "l "aJU1:nflUfllD Transistor, 
• 

.Ii:...... ..... A 1" .. 
resistor Ue'i:: capacitor. '\I':a'!\nfl',.u.J~mf1!11 (single crystal) '\1'..1 'lUll. substrate 

l1li I: ......... l1li .... 
lVULlVU p~type, '!f\I'1IflJ p~type L~t'I: o-type 1::(1n diffused YlUnUAJ ItllUUfflflU 

• 
, " 1"'· ,.tlnJfll1}J"'\.l1Un~ impurity concentration ':flflJOnfl1tJtuJ \\Ll\U.lflU "HiEh} . . , 

...... • .. .: oot !::... • A 1'" _ ... .. Ii; , t; 

S. 0, Ut.l']fftnflu1:rm,," lY1I tJ\.\\U1"m.l.[m;J~"EljJ'1I'J 'I1'UUfllU lL'ImJ'fl.trnlinJtlUJ , . 
T " • , t11flnJln'!" 11JJ~"ll'l1fl ~,'U. n H '1 

M 0001 i th ic Ie L \n.n:~1\\i·'U1J"Yiri~1I1n'3"'lJ'i1"'fl'U.LL£iI:;1\t 1um"~~f1f1 JlJ1fl , . 
.. ,k: "' 1 - .. 

1<l111:lJ reliability t'lJHt'I:nmflD1'Ufll fJUYlU U0l1JU'If\'!llJ Ie l'IJ1I1nUHJJ'ln . , . 
.. .. .. ... "'... A' "'1" " 

Lm DJl,/ll"'fI1U 'I'1~ILl"I:nTHlflOL~ tJUf10JlJ n11l'1 JYlUf1Ufl111Jln L WfJl\ 'bJ'!lu ~, 111[1 lf1l.J1n , 
~~f1 1"'rlfl~1.u';1 Ie L~UL~lJ,l;;nDU;\U;n '1 n"'u '<n~f1J" ;~l~LI'I'1'ln111"'rlf1~1;til , , , 

~ ..... t: ........... l1li. 
flT1WiH'Ilfl01li:nJJfm,nnUn fl~H 'U.tnmmH'tfltlt'!:'il1lJ IfllUUllU 1~1Iln 11(l1nlJ'ilDJ 

I C 1: lnnL~!JJn"tJ 1'lfll'!1~J i"ftf1~Jt1n1l1n 'I,~ ~i"nn 11~!Inl\ 1111 IC ~fln"11"'l'I""nn11flfl nn '!.JU , . .. " . ... 
discrete corcuit 1I1n fll~!I1JL"\Hn1111 active components flll Transistor, FET 

(Field Effect Transistor) Ul't: MOS (Melal Oxide Semiconductor) 
, • ' '! ,. .01 .. 

Clnn11nl1l11 resistor Lm: capacitor mnJ 1 Ul'I: Ll./l'111111tlVl1 inductor 1'11l1.h::-, . 
"'''' - ... "" ... 1 .•• 
~1'11J1l1wm'lJll'.L Ie 111 flln1111f11\t1'1l" U iotegrated circuit ,:nnllnr1l'11.h:JJlm 

• • 
so k ohms. n11lJf1i't.l't'11'Ul'I'.Jn11~tjj11'i1'fllflul; active component 

• 
" , "if.Jn1Uf!lIm , 

1""nll."U".UUUM1um""N~njj",n , . l1li A' "' .... 
capaci tor Dl'iL U't.IU1JU'!-lYl1 \fl ~ ltlUt'!:nn 

• , .. ..I 11 ,If '" , ... ~ I: 
n1'''''DUtJU Junction cap:::Icitor 'lfJ IlJ't1.LnUfll111f11.Jf1nfl Utl:!Iru.",IllJ 'I1JtWJ , . 
U1Jll~':'~f;' Oxide capacitance 1.h:l.11(u' 0.3 PF / mil

2 ":U~U ifl11 capacitor 
..: .. , 1'" If.l", ... .. III ... , 
l'llJflll'1.1,: 'lLUflYliJlOfll[1 llHn~'JUJ\tfl1;ln""fll~1~~ capacitor fllt'lJ "l1", 

• • 
monlitbic IC Inductor ;.Jtlnfil~"'!lflAlfll:riln.J lu;,,;;;nfl'U. lflrpnlnn'J l~l; 

1 
... . 001 , .. 

inductor "monolithic Ie 01V11n11L'U"m'i l'll active circuit UYlU Trans(ormer 
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MC 1530 Operational amplifier 1.1 

.'nl1:nElll,,"lV 11 resistors. 10 transistors an:: a diodes m]"111n"llUll~1l;iinm,~ • 2 , i ' Ii: , , ... .. 
'U\l. l flth:)J1(U, 100xlOO mil tHln'i l 011 lI:'Un,n'::LUJn'Wt.Un\l.fIlJ., fHln 'lnmm~n 

tJ"',un n~.,::;utJn l';;L ~ t.\ 11~ 1\1. 'VI\I, ~1"l\"1~1 ~\l.tl::' 1 

nJ~ 3 ;hrul'DDlt1l1DJ Decimal-Arithmetic unit 4.,]1,1\1, Computer 
• • 

<II ..t .. .. 
processor L'IJ'\.\ Large scale integrated circuits "l!..llb:::n!lllfl1t1 MOS n.) 6,000 
... .11:.... ... 2:~...,'.101 .. ... 

"1 'D'WIAnfJ'\.\lI'l1'\.\l" 235 x 289 mils 1J'Ilf1l1fl1111\1'\.\lLL\I.\l.t'lJlI l m'tnn:flDJlI 
". .... I ... f: .. ~ ... ../' ... II 

nTHHIJU'Ir.l'l'HhhllUfl11Jln lJ~::'\.i II ':)JU ru"'" 1 llnln:lll[Jfl11111f]'\.\ 1'ILnfl'!l '\.\_ 
• 

.,; OFF m::LL~lw~unl. MOS LLa: FET ,:'\.\"mmil Leakage current 
,.... .;..... t:. 

'!InJ transistor 'Yl1L~1Jnll~tyLrltlWaJJ1'\.L"fl!J1Hlmln'Uun".'n1 MOS UA:: 
• 

-FET GJ 

1 .. ~ ..I..., '" € A 1"' II .J 2 
1'L\I,DnUfllln'l1f111'U'jUUflDl!illl1fl1l11n PHl 'lIl\l.f]'fItl1:lJllU 6 mil 

\
". .. • 2 _. 1 

polyplanar process Iii:: 'lHUDnLWlIJ 0.5 mil fl..1\1.'\.4 '\.4 Large scale integrated 

circuit ;..11, MOS n .... \l.;.J1nl'l~~1..t11~ti", lu;~Hr1DlrilJ;U"lL'11nl1 
3} Hybrid Technique 

. - . 
tnmu Hybrid circuit 'W'ln passive components flU capacitors, 

'i-l 1-~'1 • , resistors lU': conducting path 'i::Y\1 fl flll "!fWAlI t'f',II::LflttDlJD!ltlll Substrate 
• 

.I.. 01/ • "" &0" ~i"' , 
<J'JlJn'::L'IJ'\.\ ceramic LLfltJ1llUlIUn1WHl sappnire n fl. n11m Inductor 1:!l..1 , 
GlnLln:~'lIu'fll~~ 'J'~~lI1!l; inductor 111 Hybrid circuit utJn'ln~1."i'u1J'" 
... 1'" • 1" , , 'n111J1U \l."!f1..lflll3JrI'lIflJ Microwave "1fJ 'D' inductor fllfl1 Active components 
- i" , A 01/ ... A 

DU fllln traosistors, diodes, FETS "'flD1"::LU\l.1J,,tl l lnflD monolithic 
... ,.l ... , 

integrated circuits '::rlmlf1~~U'\.l substrate. Active components l11JntlD..1Ut'i: 
• .. I ~ .... ". .. 1" • 

,1LU\I, e't\;\:,:tlnL'D'ClJ, Uflm~'n" conductive epoxy flfl Active components 
• 

..1<11 It ..Ii'''' .. 1" ..... ' ", .... ..1 
"t'ILU'\.\,U'!ItJ..1lIt\ silicon '\'1 lJ3JnntJJ'::;PlflJ 'Il1itlJGln Uf'lnL't1Jn11 Ufl': 1f11J1,'rl . , , , 
\;\lI.1Ut.U\n11 

mil 10- 3 inch 
micron 

6 
3.94x 10-3 mil 10- 10 meter 

Angstrom - !O- meter 
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• 
Hybrid circuit. ,::lJ reliability u~:nl')JVI,"lU"''I,..,t'I.ln'';l discrete 

ci rcuit lJln 1" lItu.:~f1U,.n'l\.m"-f..IAfil1mlfi: 1'U1tl.n11t.1; f1 • flexi bJe' n~1011:";f1 f uIly , . 
• ·1 -integrated circuit tl1n U,'Ul.l. 1,]..illH-Infl monolithic in regrated circuits ~1\1. , 

1 •• 1 - '\ 1 " ,",. "J..11Uflfl("'~1m'-lJlh"fI 't1'nHH'1 lUI 1t1un:ty tJ" 1unu lhlm , " 
monolithic integrated circuit ~1\1. h'~";l Hybrid circuit flflC'll'Un11l1 Hybrid , 
circuit 

.,j ..... .J ....... .1 .... 0# 

I U1-I f1\UllIlIl rH \HI,,1j,nfrm.:fIll Jm'n Jl1'iH.J''jHl'U Ylllf1tunl't1fllln:'IlU'flU'm 1," , .. . 
'l't'llCln miL ut-n-3'Jl~tJLL W1"'~'rJWfl~,:fi, 1,lOifi Monolithic Ie fllL n1ll..:!lJ'fll \I. • , .. .. .. 
nTWA" Hybrid ':~nnl1Lfl·Hl.JlJl:!f..I(""1 integrated circuit 1I1n m1nnnuuuu~: • , ... ~.... .1"" I , .. 
m1"lLLUUWlIYil'll'WnJ Hybrid ~\.LlfllJn""iJ"Ul:ll1ml11l 5 m"lDolitoic integrated 

.. ., I t.i 
circuit, 20 resistors n:t: 15 transistors 1:fJlhlflJYl'UU1:lJ1m1fDJWUflDrtt'll1'i1J , 
'. ... ~.... .. 

tmn11nl1mmUUUfll integrated circuits ~.l1n flJ"Ul't'~"U1~'nl"1"lh:lJ'n.mm • ,.E k , ~ 

n11WU",tH'IU'!IU hybrid circuit ,:nnm1 integrated circuit unn'lm1!l.Jllfl1 
• 

Un"1 Hybrid circuit n .... ..1l ~lJl:~nn"i.l1.J11~,,;1.J1U i,"~1.Jfl11lJ;'!lV.J microwave m'l:: 

,mii\;ri,., 1~';1", . 
• 

I "" t .. 

Hybrid Technique uu,:aU~l't(l·H][I1':flD thin film 

'''1 . , wrHJ A .... :'"mrn11 20 microns un:: thick (ilm 

, '" . ..." , 
120 microns m1~fll'llW'11JYl1 lhi_n film ~:t\nn1'llfl::~llJ"nfl1UfllJnmIllWUI.J 

, , I • 

, "".. ... ..,..a .. ... 
UYlJn11ttnD.JlJD nnr'1U thin (ilm Ul::lJlnH'IUlYl1. tfl'l'DJlJD'-I:lfl thick film 

~........ .11;, ... [. " 

","lf1Y1:.1t'ffi \f11.h::lJ1N 30-60 1,"flD'!I1.lJJY:1J11"1U'::lJlnL 10,000 f1Dt'I('I" 

olA .", ... ~ "" 
1UfI J fl(l IF amplifier l"~'UrHl!qJ1rnfl11lJn 30 MHg '!Ill111 1 Xl 
• 

" XO.1S 

Thick Film Circuit 

Resistors, capacitoers lt~:: connecting paths 
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. , 
n.1 1000 C 

... . '\ 
~l'W""!'HllJlLI!'11~rUmtI '" thick-film past!! • \ "' ..)( ~ ...... 

Vll't:ttlmU '\.u \.J. mfl[l1n\.Ln U 

... " '" t t" substrate '1fJlUU cei ramic. Thick films paste ~lJUt11\UH'UJ'!IllJ ft",::, "Yi:mln 
t .. ",., ... 

'~fl, tlO1UC'!:: organic solvent (Ifl11t't1Un1'nHHJ1::n1Y1'M111 paste ,::tu\./, resistive, 

• 
dielectric 'WHl conductive. 

... 1 .. tl' I .. 8 
Resistive paste 1::1If11f111:.srnlH'l1lJ,fJ,HLfl 1 ohm/square OJ to 

,. '\ ., ,~ 
ohms/square. mn11lJfi1\J.l11","VoJ resistor ,:VtJ '\J.ul::;,llm'fl.J .:.... 4% U~::tmJTHl 

• 
ul"ul':;ln~lntJJ~.J ± 0.1:L l'1£I1;u~Jlnl"i1D;llnJmllJm"'" Resistance lflEli; 

,01 _..: ... .. , .. 

thick fi I m ,::nJ 't1lJlmtn::lJnl'll tlrul'I.mtll!'1 JfI1lJllt\L YiniJUf)!IlJln mnlUJfllU YI,\.J.':: 
o • 

..: ...... '''' ,.I. ... .. I 

uJnut.mtlnJ ~t! LlJlnU 1 'X flfJ"'U.1lJtLft: Temperature coeftic:ient lJfI1th':lJ10l. 

•• , .. ,j ..... /6 . .1 .. ..I ... 
100 ppml C f1Dmfll1lJf111.n'l'U,::tUfiElU L1..11wrJ'] 100 10 CnUUlflllt\L\1mnt!tHIU ~t1 

o • 
.. ... '" 1 ~. ...- ..: .. , 

\HHlHf11l 'nUlLn1f1 Dielectric paste 11m dielectric m':l'l11\1llJ\l\l\.l.1\.1.HfI::VUJfll 

\

o.. or! , ,J ... ,J 

dielectric t'lJ 'tImlUU capacitor. l'tlt.U~tl1nlJ resistor, capacitoC' 1:lIn1111(1" 
• 

":.,j ... o. 

l1l.l1n Ul'!:l thunl.lt tl ~ ,lfmm rn ...,m.m II [I. o , 
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Me 1531 (Darlington Input) 

Tron51'5"tor Resisfof" 

(a) Str.uctur. 

@ 

(b) Schematic 

Fig:. 1 CQMPQNwr CROSS SECTlO'" 

15K 
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FIG. 2 A 

3' 

, 

" 
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FIG 2 B 

GO-AMP Chip Layout 

FIG. 4 FUm hybrid 30 MHz IF amplifier for communications systems. 

Package is aboUl ] .. 'x r ' x 0.15'. (Courtesy Sylvania Electric Products/Inc.) 
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FIG. 3 
MOO Diriul Diff~ntiill Analyzu 60,000 unitltll in 
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