Module 16:
Printed Circuit Boards




6.0 |nbhoducmgn
Elechwe w»aax-fd'\t- @u»palri '\oslnl-y Ihes cml7 r‘c’_cewH/ laecong

A Conrn fem He cus.jwrs ot dljak—c&‘ Sy skewas, DtleD&
Aevi@s have Retiuma <wmalle~ wnd Cesten | and adso e be"”ﬁ
Lsedd o « widao Ty s ot &lqphcc»\«‘ons. As o r-eSOH‘, :
e de,s;ﬁ\m_a..rs ok d\ﬁx\’c& Cirear b8 (w\z\o Gt {~7piccu“7 viob™
well vevsed (v Q,\&h@msy\q,\—\‘c. lec(" e c\a..&.gm) £ Gn

nc lowge. awerd elet\'v:wmswhc.. (cmpaﬁ bc““}/. Soes,.

Th Pas zechen base PO bed dn_&g'«\ FQLV\V;.?.MQ:; 0 Sed

b o &MWL&&'\Q 0182 oend 1okt Cosene Wil

‘Dl; Q\LM\.MA .

o Dl crguts

— Dkl dﬂs.,%t/\ (S QSQQ.,\,\Y e Portly makh ewadhieeX Process
dwovw.c\ Rt Condins oo v e,\gﬁjwvmjﬂkc_ Lo“,PakbtliLf
o Nneise Q.C—te.-;r%,

- Eve.«. . Ha \otjtc. aspu\-s oC—qdcij& CirGulk G_ C.OfZ&J—'
Yo Carg o - Ma.f go.& 'ro (l:-uvku\/lo\n PJDPQA,(); Tax~N PO\_.&/T(_‘.;\CV\
meumuw‘ or Moy Fol b vt le,gc& A Sion liunehs,

- MGM../ dtuwwu,&eys'&- N OLQS;CJ./\ \—Q,.\/m'\'cpmz’g @Dr au\a\gﬁ QA.J
o\\«gﬂ-& C_e-‘Lm\'S, Soth a8 e Paeds o cjmuu\clmj | Pousan
Asv~ilacon | o) Mo~ conne o,



- g“—\/\ouaj\/\ d\gch& ‘O%K.\%O..\'es C\z\L 'L\fpica-“/ ﬁma.\\ ,0-A
Ao ouly o fFew wdliomperes of cormed, Ha exFreawrely
CU.';X— 5@\./\.&‘/\0.-/\3 SF-QQAS ot Hwse dovius wnake HAQM.,C\ VMJQM‘

So00me ofF weiag,

The \Jo\\-a.g,Q, OLFOSS A I nduacror 1S G\ o \o7,

Whew L s mdudame . DSoww Mook & \og VW 30;\6.
Adcowss SwA Crow~ o de Pown SUPPV 1 kag on " skt
Cedd lua (h Ha "obR" 6H3Z. Thus Ra bl clAaMQ,Q
M Coveek is AumN. TE Ha L\/\CLM?L. HA Covmed
OLLwwsS wn 2 V\Cu/\os.q_&owcg% C&Aﬂd \'Lo_ Fowbu 5"]DP\/ Lol rJ._mj
nas  cun tnducdtnna o 0O nwH |, Ha Ha noise
VO“—ag,o_ wlidn iS gﬂwnu,\-e.cl across Ha POu..»QA 5¢'0p17
L—UW‘QU\S "W M gc«j@ Swdkebes (g

4ys3A

2% Jo“?s

NERE= = |v.

IE He poose~ Spply vilege 1o only 3.5V | P R
Vol\-qﬁe, C_a.\L.u\cCWJ oA NTS ww.7 lae e vv\qu»f‘ Spovree op'
Noag  wwidha vku/I winlc e iks Loa_7 OV\"D %mowd I (CUW'OA'

o ?Dtcynf& Covxclu.drc-r% CASSOC(C&\"QLI wiH~ Hw dtcha.o
CL’LuCWV.

_DZ—



As discussed in C,'\/\c«.p\—w 3, o d\;js\—u& clocK 5,3”0&
Vf)my e vnodded as Hra{lQZ—otdqi Wiwo ferun
lf\o.\unj e rise buwa Cr . T was Sze on HAus
Chaples Tuedr R Frape zodal wonefovun wika
r1ae e T has Slgvxcc‘t‘w«k 6pz,d'vc& Con ket ool

b o Q—upmg7 o+ albock
(
= T

Tk s ok Hus breu\c\mm\— Hot e ;\—&lwwﬁy einvelsna
0550 cioked  woiMa Hea Hm.fzaz—ofda.c wane ferun begcws ks
Adeveose of 40dB/dacade. T YW‘?’ s O
Ceferred o as the bandwidHa o @ digikel logic
Cireuil,

- D\%s\n& C.if‘c.uu}ﬁ G ‘»L-‘\MI\/ less ‘-_)VSOE.PHMQ\ 4"0
Q\cwnuﬁ NoLaR ooerad Hno..—. o,.-.o_\ej 'LL«’C_&JH"Sx

Digitad Joaie »n

l~ \-u\mm? %JJW»JZJ NosSe (S G Cowmanm (n Kool
dasig e~d opecdion of dtjt\m& Civveoee T s inkand
NoLse e\t v

— 3(0\.'%(‘) bes nei1sa
— PousRs bes oL

- {"V'UA.S M5 0N s f‘ﬁi—k-a.h‘omb

"D-’)_



— Cross hulic

No\m P"D\QS).QA \V\ dtgu\—c& (_,.r{,\.\\"i UUQAA&% r—eSQH— {

T Doe b Be inuwedible mprey.A—f oG mo&hndngnh&
\’s\—ems‘ S as L’Ov..f}g\-b\ PU‘OLLSSG.«-sl C_()VV\,PPQ_‘/\&V\.SI\IQ
la\OCfo\'UvY L—eshnj ot pee- PQ)(.\.U.LHQ.A onik 1S
osvelly nok pessibale. As ol rescly pocpo. o\asgn
‘—&.\nm%\w: cpolied o e encliest simges of- dawle wa«{‘
O kel b Poducd Success,

- A\Woub\/\ LWSovrarsS Gfe o C\tw-ﬁ\\[.ﬂj AN r\eﬁu«cl
b sobh ware <hork Gwtnys howd wose, Oeficien cies
Gl USCO-\\Y nek olev~eed.

. i 0
* wohernad nglag Seeves

A»‘Scw»p\«(:(ed C)Ll%r\'t& [O(j((_ C.\,«'LQL"‘ IS SVicuwes \QL\OLLJ

+Nee

7

L C”m/

B

ij..u»c\ inluadktong é

Fsguv{. (W ﬁn»‘\ohcﬂiﬁd C)L(ahi't& '\QCJ&(_ ST WO w
-DH -



AﬁScw\Q. H«w\‘ How OU\FP‘.‘-\" o 30.\4; { Swotrdey fe-oun if\lj\n

™ ilow,

- Befw&. %m\{ I s ldes , He Ou\‘pu\" 'S "«\\3\/\ QMA
Csmy [ O«wy_d b e sepply velveege .,

= Whea e O&—\‘Pu\_ ot gc«.\-é ‘ Seodes \k\.u! Hw
CSHAY Mmust A\es c,\/\qwrj}L 'ao,\-o& He low 4;;3/\0& __A'S
MWSVV\\WQC,\ \"B Cjc«.Lﬁ ’3.

- A ICU’%,Q_ '{'VMI&»\SY Cuv’u‘e\ri‘ (“’\Uws "'rl’\“"buﬁb\ T /j\wa'd
Syshem to dufdf\cmgg Q(_»_my,

- Doe b lu\&mb\'uwu_ C}LSSOQkO-\‘QCl (Jg\i"\’\ H= (_,)rc«.g»ckConnecHoml
He dizd/\cu\j,q cwv@vd‘ pmd\um.a A N VQ]\"QQL puls,g
0:\" H{ <j'cw~1.\ Jr‘erwn‘vm&‘s o 6&1—@3 lomd 2. ,

i L S WY Ou\‘PQ\\' ok 60&—\2 Z s loo | Ha noise Poliﬁ.
wll e m*&rpr‘e\'ed b7 %c»\\—e.‘f as & 5&9(&\,\\/,3 5|.3'V\C&
Bomn 3&& 2y wWhidn n b wicy (A0S gate 4 ks
Sooibda,

~ The om\7z Pmtifiu& Loty b redi@e Has noge
Vc\\-ucép (5 b redicwe Ha jndudrunne @SSe cicded

w P 643\.-«,\d LA INOAS



ln addibhon o %QAAQ/\L,J"W\(‘,) NN vellnsj,q Pelae Hea

clnge-'\f\wsg,a_ POJAA ‘t‘\«\muab\ M zjmwud Coviveions  Caimnms
N 4Arirves G X LU‘LUL\* HAO}‘ W\&\f 05(‘,([1&3‘1’,

an S
)

-—_——— Cﬁhlu\/

Ty

,'D;‘Su\t& los(c. gt-)&‘_ ouw Pobr wase Coran -

Vo! tag wive ko

m & Of— . Senmes rQsQnQ,J- C,(/'L_‘.t‘\’ 1S 3\% by
L Y
G- s -

Te Q assocoved wi, Ha C\‘Sc_\nw»g,q, Pc-}& o o Aatrensed
b7 P\C"L”‘ﬂ G eSSk o M oo ok o the ‘ijlw& ﬁdt}.‘

= K‘m Volkegg wave fovan

F\ﬂu&:’). Dtg;&& logic gt ovpuy woH dw'otwj Fes sk
~Déo -




- Tle dc,u,w()ws::) ~eSis o P\&xa(l o Ha oo&—(‘hl—‘o(— 30}@\
oi i) r"eC\,u.L_G_ H«n. Cwﬂov/\i'o(:- \"cms,mg.

Aroran <ove ofF ncite 15 1 1osheddzd o e aafgur‘i. lekyw,

Pi%uv{.‘{‘ Tﬁ"&m%\sk\r- F/v._‘sts.)‘m ‘031.(_ ﬁwwa}fk,

— Wl RBx (Apek 1S %i’()uvxd*@»a) Ql turng on wida
fovns on Q2 cd Fovns ok @4, Truesclo~ Q3 |
1S P vt Gon by v =X p—\cwcif\j [—Q«@aa'\/\,zz.
Q3 cmplifies Pails Covredt,

T Whae R ou'\—Pu*r 1S b\\j\m, Q3 12 on lcmd QY 15 okF, Whaoo
{-\_LOQ\-P;.:\" 15 lewo Q3 s ofF a-d GY i on, ln eadn
Cuse Ha \va.e,dw& LO-Q}U»-QLV\ Lo e cd ﬂmw@l

=) l/\ij\/\ .

..'D"]_.



— Whie M%c«.\-e is 1n Fe Drocess ol su\'\—u.'\nmyi
for oo brek P ki Q3 a~d G4 are on, Tvis
pro\u‘das a low tw\.F«Qdcvv\uQ PakA vaun Ha, oo ra
o cjrouwdj Causmg o 10’\}2 C oo spike,

- TL-O_ \O«‘fé,,q (,qrw@ns" MAS(&A— C\Vo..w'm C—vo»w H-Q, DOV
g'lu\ps H\voofjbx MPQM\ CLA(.J ﬁfﬁ\-w() Q;;\/\CLA.&.QJ’QI‘S‘ L&uSimj
Cu lC&/\,g,Q Funsie A Clop (n e 5&.@(927 \/oHagrL,. ,

T Thes eiled- o Re it amized h,a P[a.u«xj =y gupaué-ow
PG Cru A 5(,:& L‘-)\/\“.«\I\ SVFP“QS H““ “Vo-wca(_@":&_ CU«M

iniskod o d«mﬂ;v‘g i i“%muﬁ‘w\ e pousen a—d 9.@\;./(}
(DN HOAS | This  wil e Aistussed lade— v Rag C.\/\a@\te(‘.

° dﬁt%(.arc.u\\- c}~fcunc\ QY AR, .

I d;gd—c& Cirta - a'u%(gm, fjmuwd nelse Fends bl vige
et problean Hacn  Pousen Sgl;pfy NeLss,
- QQU_;.Q/\ %aPpiy Fruns b ca bt nhalled wibn o
(/\Q_(QQP\.W\S (_.xpaqu-s. 5rgw& Goveots in (-‘Laij‘foovd
6763{»\« LQ,./;V«Q\” lee w*fPCLﬂE() o6& CLQ(L)&-P‘&‘-
- T—m/\’\s‘eu-i- C‘Qﬁf‘ﬁv\k (1Y ’r(»e, ﬁw{)u./\d 575&'&4«1 Cia. G ma‘!ou/‘
Yo o(— \‘/\\WsYS’\e&w« o as wll as  bebkun C.Ov\du.d‘ﬁd
O mdoded 2 vnissions,

_DB_



- NOtS?- \1(3“7#3,&8 CLVWSW\j QVQ\M s‘-VLM«S\@\—-*_— Q.ufwewk in {—Lﬂ- 3’6'—»’&
f>\1$§-¢m Lo lag Gun reolled 1‘37 W\\mwul}lns Re lMPQdLLM‘-Q_ ok
3 vBowd Covinacrons CL«AA Covvrent retumn potas,
9 A

T At He Q‘re.cv.mnmiue:o.\.‘w\dn d&s;\—u& Gireai's are Covnmcm\)/ of@m.x—ecl,
Fre indudhve Componadt o tna groond €y sbenn i padaine 18
dcw\m\-, Thos nows '\/o\\-w}q_s Ca Covn Fralled \07 vmnkmk?(r\,j
Ha mdadane of &uoad Covaiions and Comrent feluam
patss

® Mg L z;gmg \ﬂd“ YT,
A Previees CL\&P\"EfS 1Y oas seen thak sevesl ‘r-x/fzes of-

(A d.\.u.\‘wwuz, 2x IS",‘

Loinkerncd selb imdudrame 15 propertenal to e l&nghin ok a
C.Omd.u.\\—or‘, ond alw d&PendS on Cruss- Sachionady Yoy,

1, ez‘\-er\w& o\t 1A A G (i dn.PM& on Citcur CJQoww.i-v-y

3.“’\\)\'\»\;& Al con CLQ?QQA,JS o CiFLu\'k_ %,Q.oNNy, P(D)C}W\.\\‘r
B oM Cirtuls, cd Ha %,Q_DW\;« ol Hiwse circudts,

- \r\\ﬂbfv& &\(;- \vxd.u\\‘ow»& ‘l‘S Contrelled Pﬁmaﬂ\y b\; NI Mi?t'r\j Jﬁme_
\EMS\-@\ o et \&;&5 Loy Ca,rr7 \Ouxéﬂ S T C.Urvew“S
(uooc \egds, a-d\ lime o loos dr'wers) .



- EQCM‘;Q_ (r\\‘%b\ Wc/ Cx.:-"‘/‘e,w"'S g:'\ou.:» vary close "'o
He Sorber oF @ wv\cL.;.d—nf', a lm% chiamge conduder
Crash- Secktnol Avmansion moy only lead ks o swmall
C.\/\o.mé_ﬂ_ v \V\\Q«‘V\O.Q 5ng IV\C\M.(.&"&/«»LQ_.

— At most Q—eﬁb;%c@s ot m\-efesl”l mokoel induduna. cund
QZ&L@(\AO& =el& jnddone Ciee erealwex— (e W\&ﬂv\\t’bﬂkﬂ.‘”
Pracun nkennad 2l v ddtene.

= Motudll mduramw o lar limated by mc«-eo.sma Fra 5'945(..&»3

bL\'w-lan Lovxduc.\'b%. MU\-uaD T O e W\&\/ alse LQ-Q. V'GCL—W?-CJ

2y Qnemging the onedtadton ok closed cirtoiks | 0 Coment
leops bo Owe Gunoben.

T lhdwdemie (bobn morod indudovu od Ctlevnll salf mdudrna)
Conn oo «—ew (07 M('vaul—dhj Hwa [OUN'Y5 8 OF ‘Hr\SL. locp
enc\oSed b7 Corret Clow . Thas i mest QaSUy Cg(.@.pwphsmc)
b’& placing 6}3“& or deke covrmet pektas closa fo tla
Corvres Pcw\dmj covrenk re\unn ?‘-\"\A$.

® dtou\-c& Cireu Grrondingy
< 5 —J
- A ‘r\ig)'\/\ 59@ C)\L%\\'& C.ift.ud' Cimov\d 5\/33'% mos & Pm\l((ll

a \ow IO e Convackomn  batusaens O e0es COmPOW%S
'Hf\o)r M Wuanmowiete W iM~ Ca o Hren .

- Do -



This s {aesh acac)wp\csLQd 10\7 P-’Dwdma W\cwn/ PCMCM
(_,u(/‘&/i’ retorn PaH/\S,

l. Ore. appads 15 b vse o Solid %\’L\)md plane.

. An ecD.ual'y effechve vwalod s o oS o rjffo‘c\ed 3mwd
5\/5.\—@\4’\.

..... Sl G Gl=___ <
ey (N B
| “

------ -----. i alelulalula nponnnn

..... S\ I It I

I or [J2ECOURLING g arouND @% DECOUPLING
Fiﬁuwe S. Gedded %V‘Qu\»(_\ 57">L€/wn.
Tpicedly  verfad qruond frves ane prnted on owe side of
He \ooa.,..dl Cod v 2o bk, zjmumd S G P.-m\-ed o Hw
OHan (Qor Q, ‘-alv\cJ'Le hy@;' boo»d). Tlw twws Ga "’LO.-\, (_gmwa_d-ed

th,\ P\m ‘H/\sfbuﬁ\r\ V\OQS.W\JS l@Dw&S roown Q;,- ggﬂv\g& (.()vw{t,\"!‘c'vl‘)‘

—Du—



UsJa\\7 . f‘j-«owd 3“‘)‘ 15 vt on Ha looead 08kee
5\%,,0& Fc&\ns ae laud ook La7'ou\— o Hy {jVOuv‘d 3”’10{
1S wmore. Al 1 Aot aften ﬁt‘ng& wnduchors
G2 c\nrcmg&d4

S Y cyrowsd 5151-@.,\ s Poary Lifle com lan dlone o
'f‘e,»wzd\f Hry S hodhoa stark o ‘ét-ar-Hmj Oven wiHa
g e (jmos«d layout=

* power Aishrbuhin on Prnted circotk boods
Ic\eo;\\T, the quer Aus ¥rivean;m layooF s\woold mirrsv- the

%mumd 5\/35&\4\.\ la\/co\‘. RPwer comduchers shoold  Ccon F)c-.m\\e(
to CUW‘Q\AJF celurn potns | cmd Pe hos SWhacd ke f>'00<,0/d
Gs Closely @S (Osss.laﬁo_.

No(ae Wu.\—ed \07 +Hao povre S““Ppl7 i e Conbvolled
DSMB de c.ouP\anj aapau}orsl there e He ‘&yoo(- o
He Pow Aistei s on rrweorke S el s LH\-{L«;& s
G, [f)rc(ze/\ ijou\& 5'~/5<L€/vn. (5pond 5753-% \o.yoo\- slhigo!d
ke piovity over o powes AishriooHua layc)\)\‘.

Ds menionad P»’e_\[iogS,7’ wWlbam o \03\<- 3012. d«\c«m&as,
'Skzii, Iaaté,q. {—vwas&e,u\\—- Cur‘r*emh vm\/ e Aroewon Q\fow\ I'L-L
Dousn Sopply | Hamua\n B gmumd Syskem.

— Even & Ba 6@’00-»6\ ﬁxjsirewx wWAwdwanw, Whas  legein miwimi@fc!/

-Di2—



o skcjvxki—u,w’r voihug,e dr“op May 6LLs T CLTSS g,
Mnduckrume  asssciaked witn ppwe 6"F’P‘7 leads

YN
L P Vee

— —

/t Ii‘%;-&’.ﬂ\' 6*‘0&: A
LSS TS S ST

D
—

Fiauwe_ G. Leurgs hrommsiend Covrvendt Amuan Wi Logic. 30-34 Swibdnes,

T TR opnagnitede o e toaast et volrage on He Power
Sopply hne. Comn o reducwd oy d&u—easm% Ha inducchunnce
Gsseciated Wik e o lecds. A powes plane o
(‘j.—(d (sumilon to tHa %roov\d P\W/jn‘d\ may g 0sed
for Ras,

Tlhe POV~ S"PP‘Y Vo\hﬁﬁ, {-vws.avA' Comn Yoz mmwmzed toy
\V\(,OfPOV‘CJ; 5 N Deren / oHwar g Reo FIDLLn‘QA SQPPI)/ ; pvwow;
whhdr B s et ﬁwl\—u\m‘u\ﬁ Corrant Wicy e drowwn -

oYY
ke

>—

“ = hH_‘)o—

_Jl«ms reond
SIS ///////////// /////

—
e

F—;gu&. 1. Trmsienk Corvenk Auvtiaen \—\«vnuau\ dn.couph.nj c_o.po,cﬂ-uf .
—-Diza—



A d«LLouP\mfj Capachr‘ Meny lag. Plaw:,\ cernss tha [031c
56&2_. The woise vollegg  GCvpss H\Qc)o}e (s Hew o
Conadign ek He d\g.c,u.,\‘.)'\waj' cc.pc,.uk-o./\ cnd  Hee  Conrecntan
lekuonm & ced Hw fja\-P.

'DQLOUP\ME) apacthers G Glsa vsed kb Gnbhal cdiaked emissions.
This wol g, dlS(_\.:SSQCJ v G !C\.Le/\ S_Qc,"\‘m/‘\,

The type Ve od  plaemradt oF da.coup'lm3 Cefpact boes
aw ol depadedt on He e o TC's used .

= ladiwds c\o.coup\ma Capacitors Qe ploed Close bo
He TCs Hed Hay seeve. Thesa w1 divi duo U«fau}aws
Cra FQ-C.\AC,\Agg,C) CSing & lmg,o,\ bo Ik C,U,wufllﬂﬂ (,Q_Pactl‘ﬂf}
Whidh 15 located Moa whea oweon s Sopplied ko e
enhire beand.,

T Caupacihes vsed (o dac.oupkmg mosk bhawe low nduwdhonw | and
Mmuodhr 0(2%05@ o (m‘g\«- C‘“"WCY’ T bara mmern vodu o
CCLfXLC‘\s'UMLQ. NM s Arevwrimad Cuown

_ AT pt
c AV

A\[:—_ {_VEW\SlE.wir VQH‘C;.%& CX(‘QP in 5\..{3‘9‘\7/ V(S“’CL?,Q dl-\-‘l. \'Q AI
ANC= Corrent Momasi et Qg when legic ga.i-e. suu i hebes
A= v~ t~’\\-€z~vd Over Whnidn MMS.&\-S oL

_D“-‘_



excmph-. e o TC tHaok dvuwss a ManSied commek of
S50mA  for Zns (& He clesqien TEGhuue) Haok
Re volleyg trowmsient loe limibed o 0.1V, &
Capacirer  wik\

sex3a (246 %)
C_ = = Q.00\ uc

O.Iv
1S rew,

A C)JLQOup\tf\Ej o.xpau\—ur w15 e Svmo.\l woill el

Ueve SobHra et c,\auﬂg,q, [ Sepply He toaunsief
Commend  paaded (aaa, e TC. A dq,couptmj a@aob-
hudn & ko laage Wil haw o 2ele - resoncm i QM?».G/.«C/
Haod 15 foo lowo, omd Wl no- provide o low vnQed e
by pass PC««\-’\n for He Fmsie~t Conrent drawa

Wi Re T swikes. Tt s "'ibwbmldmc) Fack

o Cafntits Nas o 20— esouncd- Qrew%f, 91l

bx/
S S
= iy LC
Cc\" Wi 1+S iva.o_Ao,wLQ_ (S L Minimuan . [ hos

Pre Sinalles\= capadtor whidn 15 scHbivet b
Pm\udn C\wa()\lv\j i tve kesk cligice.

~DIS =



e dQ@JP\\v\& C.Ct‘ac,cﬂ—cr‘ Pla@wj—
P|W ot mbp“"g CC&PQ&.\H‘N‘S s L,:“(H'w_&\‘ Fo
Hrae socess ol or:.ami—«om.

De_cuulea Capacikrs shoold e Pla/uzo{ s clogs b e
(s H.Ly “erve OGS pcss(bizz 26 as Fo winimize
inducchonr . el He ITC cnd Ha c,ojoa_u'/—of‘.

- qup\s C&Awec\’\ms Ha ux,(.aaql-o/- cond  Fla TC <boold
e as Shork ws possiw cunch Ploced close #oae)-fL@\
o min wai 2€ 100{: angin, Ong Qmpqc{br Moy also
ﬁupp\y moie. Hapn one T°C.,

1 M1
D 1C | %‘PW ok
deccup\c caac o
S S e
Groond
1 1 i 1 M [
I t belter plucemed
' D \C L‘(I-__l__l D \c of- Aecoupling
()ﬂ:.m& ‘ . . ~
I N apacite

Fsclu& 3. Pl uwank ok ()&Lﬁ.}upltv\:‘) ug{lact\-or&
-Dle -



* on uS.D.C\ NLQO"S

—

To  prevent Onwanked Sworrdaing | all cuesed 1apols
Mmosk e covmed—ed “ovmewhel, A naise 3{3mo.Q
nowy Loople b o Qloan& APt cacsing o qete
b swikdn, Unused mp&% Mv\orma“j Lonimented
b Ha Voltage sepply H\rbu-jb\a Sevies F€S¢s¥or~]
or o gmw»d.

(.3 D\cls\-c& Cictulr adiaign

Tuwe ﬁfPeS ok dichen o oo Fom C)\lﬁt“u& Circobs:
Wimmga-mode i tMen  Coedd Ailfeuheld - viode wdiotion

- Dt$Wk&—m6M Mt@hw is Cawsed Lﬂ—d, Curv‘e,w\' E:lou.n.v»j
Gtowmd \0093 g:ongl ‘0,43, CQV\d-u.d—orﬁ o Mg u‘.—guli‘. TLQ&Q_
‘OOPS ady as Cun\-evw\as wida Pfc.w vnaji..n)-té.. Ctelds,

Common ~wode whichon resclrs o, wundesimed \/0“"&3,(
c\-*opS wnw Ra GircelE Whidkh case Souma PO»J’S oF te
Gt B ke ch ol Gamanan-wode  pafehiad cilorve
Hoe gaoond, OBen R os Mo resolk of welkigg
C\m‘«)s i He 3«Uuwd EySL-evvx. Eilennal caloles commeded
e Ra B tooad wWida Gag. O\Five cid He Wurman-wnads
tib‘\-e»(fmﬁ Moy Gd— o cunkenmuas |

Commen — mode vdiahon 15 MQ? mave. Ailkica b

-Di7-



(_L)U\\‘V‘O\ HI\CL«\ CXIM'W& -W\OAQ md\'al’(ccf\.

o difew il mode odh IOJ’\C‘/\

Difeenbiul -moda 1mrdickion 18 wmedded as mdickian
Fowe & Small leop cmbenna . Radichon G o lop (s Conblled
b~/ F’Educ.mg Ha vmagnibude oF He corrent Qawmﬂ Hnrc\uﬂin
o iaop) (‘&jw.(.mf} o C/r‘efv,..gngy ot Ho L\:V'fézm'{"f c—
reduccing  Hee crea Culiosed by fle icoP.

Tha conbrel ofF Adfecenticdd- e adialon shouid lag
address He 'Iw'cHo-& clas:ﬂvx ok loccads .

- LmP anaay  Sorned '07 clode cund 5@‘3#\6& ngne_y\H stio\d
ke imin mzed‘

- m mcﬁ"r QriHC&Q IOOFS O~2 Hcksz M C&rr7 Cl()d/\. S“jmd.%

Emuss(o\»s Q‘Vw Cloue ‘)t%b\(&% USoalL\/ Cxwed otan praﬁ
ok ewnissions,

0 numwmize lop Gnece | leads canrying clode sgnads shodd
b_Q_ OAed N 8row\d ('E}MVW\S,

= Ciock lesds shod v e powallel b daba s o Sigindd
lecds (o )omﬂ A isktunes,

- ACXCLV{SS bq:.gs, A[)&-t\ (DQS€3 OWA O\—LQ/\ SLavw& Lnutd.u.d—ovs ymay'
C_u\,rr\-/ [mcgl.«\ Luww&~\sl Wouweuer Hao tndoun ke of-

_‘D‘% S



Flece 5¢3maﬂs OSuCt,“f resAlbs 1 less sk . Leop
Orens  asssciered wibkn Hase condudrs steaid alse
ke vamimized b«a, P.—o\ude & Comerd —lov fore
6(‘00?5 oF Qate or addvess leads.

Tmsc&m\t‘ Pow &.Ppk/ Lurr&«.\'s G Glss A Soovea of
diaked @uniss ans, LooP Cracs associokec] o Ha Heese

Rungiadh Correals e e —educad (Q% LSy OLQ(_QU)DMAJ
Cpewtbrs neon LCs. Dawu(b\(nj Capaciters alss Keep
Pouses opply Corrents ok ok Mo load e plae

Gl ‘nn\-e,rc.ou«vec,hmj c,cdakls,

= [nkea bocad Cr;.\o\mf) Comm W G Socvw o b drH-Qsz-Hc\.Q mecha.
adiakon, As Aisccsed (A PDi~exioss (;\,;af)&-@rS, fo vrininal 2€
He loop G on a cedde | e conet mebunn shicold lee
ooked mecn Ha ‘%wgvxa& wanduchn-, Vonicos 1‘7(325 of caloles
were Aiscossed 1 Pr-e{f{uuS C,\/I.Ca.pj"‘e"'.

¢ Covmungn ~wisde vad g
Covamon- moda o dichen 1S uSuOuuy mom Al o l:)vewvl"
Mo Aiffognbed - vnede wdiachon,  Lomman - mede rodichton (S
s d Lo,«d,_ wloles o fomﬂ Condudkars 1o Ha Atgﬂ-&.c 5\/5«‘-6»%.
Common—wnode CunisSions o wzockQQ.ael S Pacse C'vc\wx o Shat
W\cm()ole ( clda o= condudkor) Airiven oy & Volhage Soure
(R Guond plo.u.). Covmmon ~wide radichon 1S i ked b,

ilww\“\/\3 (2 G — icda C_U«MN‘&_.




C—OVV\W\OV\ mocb: Curr&f\’r Com ko  luwnited b@aq

. {V\m‘«miz—mg He =00 Vc“t‘ugﬂ (v)oma“7 Hw< 9/0uud {Domﬁog
Z. p\o.uvxs N \CL/\;‘Q LOMUINGBA ~ otk t‘mpedamu_ C thoke)

h Senes wikh Ha Cunithing wlole o wondindan
3. Shonhing Bt Comman vaede cormet B3 Grtond

4. SQ\M‘S«CXLV\S e dww{-\—unj oo.\ac.ﬁ,

LOW\MDV\—MOA% u"C&d‘CP\'\\OV\ S CDV\\’VQ\\‘A tha, l(vv\(l"t""j e C-viwmo—mcf-LG
\(ol\-ﬂ-CyL M df‘i‘LQS Hee V&dt&l“ma sysl-e,«.n.

MasYy etieds o min L NG Aitewded vnods vadiahen alsq
Miatan (2€  LOurmnen- made \/ol\‘ag}z(v oS oF aﬁmu,\d le
o 31"((,\ reducce < -\10“7,._3), c\/vo'o o Re c_jrooud 5751-9\..4).

— Edenadd ool Gonmedions shoud e locoded o 2k emnadd
e fece cednles, Tle oMol Ra exlewud guoswd (S e
v ee lobes He wa<e \\l<e|7 o o leage vioise
'\/0\\-&:9& ek laebuaae Mo {Octux’f‘S.

rectp...._o. “ e 340«»«63 (3mwd Conmechting ot Conbeimuated
‘Q);} d"fj(\‘c& loasc_ nmm),

- M Lo leeds <thiend e (.c;vwat.\-eé\( o CxﬁQf)Cmot {cw er\dum%
e cj«ow\d Kol Garads b He dtg&c& luﬂgg fjrou-»d od-

-D2o-



OWLY Owna Pou/\{'- T[Ats p.-q_w-..B 0 \Se C—\H.m {’Ln. C)\tﬁtl'a_c l()ﬂ(c.
o s T \azyag wopld to etlendd cotales wlnda mmay

ack 4S  cantBanas .

SINGLE POINT CONNECTION
~ O CONNECTORS [ BETWEEN GROUNDS
L 7 —

r-z_\Q
ﬁ “DIRTY"
\ = LOGIC
o
UCLIgN” D
290 = ]
.ﬁ
O =

lk@ﬁﬁﬁﬁ

p N

le—EXTERNAL 110 DECOUPLING CAPACITORS
- GROUND
- CONNECTION

F\%u.rﬁ q. “Ciwmq I/O 6vﬁuv~d CDW CK\-@N\Q& (.&«\dﬁﬁfo-

Lu,\a&.ﬂ.f, vm&7\q_,l \kw\\‘—-ﬂj

CO\MM(,.A-V\AQJ.Q L enisions ‘:\nc\.v.
Uswwj, oA — wnede  CekeeS, R P o0& WS Goa wowncl

5 0% TEONS RSN Ce_/(‘m vmauu'ﬂc. (o,

c:):.I

\I‘
= ()]
g,

EnSgrt 10‘ C.'e.wwvw.r\ VVIOCLQ» b\’\G\(Q
-‘DZl.—_



- A CDWmou\-moCLR e bhas o &C-;-Q»-}“ 1% dlw\t&b
VV\C»C\D. C_Q(We,v\\'s{ wprﬁm" Cran '{,u\d.u.d—wr'wcé,

{'0 CUMM(W\~MOC;\.Q C.;.:/‘./ue/_/\-krs_

\lxime,s CGe L.uouu\d Ow*cu.nd H«_ oL |\ S\.\da C\w&~/ H/OJ‘

W\acy,\n.k‘c. Cloves C«rt%{v\g Cou~ Ailbiewa ol vhoda Cooends
ok i P wre ‘ i le Fluxey i3ty Feoun
C«OW\W\QV\— uV\Q&L C,‘\iV‘w@vx.\ﬁ C&dd i "L-Q C(;u‘*éb

ém Y
ID\ IC\
1
IDZ. '&Dz_ I‘-z
®,

F‘ﬁ\)V‘Q “ E(—(—ed— og- (-QMW\-QU\‘; VV\.O(.LD. Aakee on C\‘-C’&C‘L‘—WHQ&‘ a"d

U5 VURVIVIIVEH wmcLo CAJ/-/P/.«}'S,

fn Hms oty CoOMman ~ wotha C;uﬁf-eyw_\'s Cus P«&&%Rd wo (A

c LCAA%,Q I/VLU\-OLS) t‘u\du.c,\-wcob A Cl.ddl%ﬂbu\ \’O H—e ﬁQ\C lmclucx'wgq_
Oi— ]F\-n. C,DL/(LU_L\-O/“ U_,.(,y\dl\/\_ S

1A Mo cloode €0 weiped Pig“ B ey

T hraphre  wn dodds o o o He AlS CUSSiELA
ot Ci)wpoww\' p\c.,c.am-u’r b redue conduded cud odiaked

e m 155(0nS  Ervoun U boands,

-D12-



COV\,V\[L,\’(O\AS ke btueeny  oscllatoes cud He IT°CS Hno.f Sene
Shedd e wade as Sherk os PoSSuiaLa, n sden le

Miviw (2 1009 Qe Sigeel cd ehuvin PMS o e
Clede 6.3u\c& Shocld e Po-AcM G- Usss bogeHan

— RAdoress | do.\n\, c~d L/o conredtons shond lag vnada @s
Snert- Gs pessilole | it mﬁw& omd reron Has o
Clesa l-o%@H—W\ &S Possilaf-é e mimize lcop aa .,

boo
l
- —— P
|_Ram
R S Clocie.
Riym

12 owepo vt Plc«-cw.v. T

Ram Ram

cS q
1 1T L
Rva A

befte Gamponend placewsdr

(:.\3\,\,-{_ 2. P(. boo,\d C_{)v.apowa-.*" C,OA(\‘\auv’o.}-(n-/\'%.

D23



The feckest wapo\/\_w.\’% Shooid lag P\M on &
AecHon o Ha boed Wwida s FurHast G

ey Fevnal Cbﬂﬂ&l"()“‘%. This Yales Cxo\\{c,w»\-&jg_os—
narurad loss on Ra locond  mateniail RUCHVIvIVN o bemcoles
NoI1Se ﬁi%vw&5.

|Code |
[Gorneivor ]

— v — — o w— — —— cama

Cedole,

e
¥
L
£
i

<
<
»
n
e
¢
+
-
S

C\S\g& 13, Pt&x.o_wx.e,.;\' 0((— 'Vm@us-epegd CQ«PO@A‘S Own R \.OQQAA,.

Rofenoies,

l. Ot’*’, H. ¢ Noise Red\ o, T"edlwucp.u-ds N E\QL\'VU\M(- ‘5‘73}-&%54 ‘
APV \I\L\e_\f 85@«6 , 30.0wd echi Hun \ 1989

2, Pao) ) C. VY e duwdion~ le E.\Ld'vcvmcjs.o.kk CoupoHLoc]l#- "’
Han Wileys X‘im, 1992

- DI4-




