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B 11 B 7Hro/8BRRICETABEOEE
11.1: BEEOEE

EBREICEBRONDIERD | DI TERNAFT IO EE, 7HOJEBRBICHEEENENMES =510
NEZELIN LWLWS5ED1HYFET, COBRIARTIKRIZIE., BEIHELLONEZIONTET, HlX
. T—TILADEEICE > TERIZEVEBEEEN T FIL - AT« a vV ERICEKRT 5156
P, ARy FEFSNRIC, BRECRELGRREZERLEZTU D FERICANDIEELGETT, K
RICEAHLT ., TRTIZYUTIEESMEE, BEEICESIRAMLR (BAICESTEH, EFZDs VI R)
N7 FOJERBRBICEDESIBEEZRIFITNENSIZETT ., CORICDVWTUTTEHART VTIC
BELTHBALET ., CHEINREETEIZLEDRELZVDONARTUTTHAINDTY, CZTHEAT
B5EZZAIZ. 7THOTEROFEOCT AN EFES 7O ERBREKO TN TISEATEET, /=M

B, BRAITAREARELELG>TUVET, TOLSIBETNARICIE, &7, 7785 - a2/ L—
B, HUTNW&EER—ILE - 7T, 7HFAT - R4 F, ILFTLIY, AD aVN—2LBERHYFE
ERR

FYTOANBRIZEITHEBEBE

EEOITFIL-arvTaazZodlzBZTE oY —IE, HEATRICEIY S8R LRETHERS
NBEZENLIELIETT, EoU—A¥ETZE, V9 FIL-avTaoaZVJRBEEREEEEBA
BESHBRELERICSHINEZZENHYET, EABRBEDERNAVICH->TWTE, BIEEZ(T
AREMEIEMNEYBWVWTL LS. ARTUTOMMERERICE L THEEZICIX. ANEBLALITER
BELY 03V #ZBATEHELHEL, FETNASARIZEL2TIE 07 V 2ZBATIELZLBENWEREINT
WET, SNoDLRNILERBZDE, TUOTODANEBIREERICSSINET, L THEERIEINE
DEBNI—2EFE PN EEZELTCERARN, BHIET LEEMENHY FT, AISHDERGBRH
HWheE, BEINTOLEWLWAREZEERT (BIT  FET) (X, bFHh#i~v4 o O THRIESIh SATEEMEM
HUFET, —AT. EREFZBALBERICHT IRERBZRNBL TS TN XEHYETH, BF
TN RRKERETIVLELHY ET,

REDBHEARTUTT, BEROL—IL to L—ILTEHETHILSICERFASNEZLDOTHNIE. AS
BADBEEDEZEZICOVTHERARESNTOETS, BEAFARELT VITOREICE, A—H—H
BESVOERIEHY FRBA. EDESIBTNA REHERT 55, BRKZFBSREMKEZEL S0l
[ZTNA RADANBDERBEEHFEEHET IVENHYETS,
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TFoTEITART, HEA—EOAHNBEFRBZSANEEN B INDE. FERF-IATRIZEREZR
LET., CORBEIXTNARIZEH>TERY, ANEBOREFEEICIELT 07V ~ 30 V OFEFEDET
T BHELANILICEERG LS, NETHRELE-HESZRIE £5mA UTICHIELZTAIERY A,

m INPUT SHOULD NOT EXCEED ABSOLUTE MAXIMUM RATINGS
(Usually Specified With Respect to Supply Voltages)

B A Common Specification Requires the Input Signal < |V | £ 0.3V
B Input Voltage Should be Held Near Zero in the Absence of Supplies
B Input Stage Conduction Current Needs to be Limited (Rule of Thumb: <5 mA)

B Avoid Reverse Bias Junction Breakdown in Input Stage Base - Emitter
Junctions

B Differential and Common-Mode Ratings may Differ
B No Two Amplifiers are exactly the Same

B Some Op Amps Contain Input Protection (Voltage Clamps, Current Limits, or
Both), but Absolute Maximum Ratings Must Still be Observed

H 11.1: AAKRIZEITHBEE

FOTDANBOEREERFMEICIE., E<LOERAINEEEZEZIFTT. HlZIE. ZBANTORNELY 5>
T B4 A— K, ERGBEROETIER. TR ML— B EDER. ZEBAAHERD FROS (BIT ©
FET) B ETT, ZEBMAANISUTELTHERAINDIANRES A A —FIE. —fRIC NPN S0 PR4
DR—RXIZIVABEETERASINTOET, BERFHBAIANEENLHMENE E,. Co5DF A F—
FIZEE. BERLEDOBICHEE PN BEEZHRBLET, ARTUOTOANRIZERINIERFBEAD
BEAEHIE, N BFELE P B, RUS Uy, EE BAE SiCr) @ 3 BEOMHTEET S
EMNTEFT, R DYoL EEEERRIE, EREDRBNUTELDIBIEMDENBEDLICHEBRINT
WEDT, EAELELDEREDHEICHLEHLE PN EEEHATILEHY FHA. THICHLT, i
BUEHIE P & F/EX N HOMLEESE TERIATWS =N, BREDHIZ PN #EE5ZERLET,
FoTDHY IR L—rELIK, EREEICHTEIT7 U ITOANEHREERMEOREZRDOZ=H. &1
HFEODKEVNERTY,

FUOTDANBEDERL Tz, ToTOERBEHEICKELRIZRL-LTVET, ARTUTOARD
EFHRTIF. A R—F - FSUP XA (NPN E£1=1E PNP) . HAVEEBEEIRFSOORE (v
933 FEIE MOS, N #FERIE P #EFrRIL) THEBREINWTWET, "M R—3THERINAR
EPRTICIE. EAELELDEBERALEEORRIEIHY FEAM. FET TR SNEEBRTICITERA
DEEOEEASHY FI, FlAIE. N BFvRJ)LD JFET [FN\v O 5 —rE P BT FL— FORBIC
A PN #EEEHBL. Vn+0.7V<Vng DIREEIZHZEBELET,
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FTITBR=E S, ST FOATEBRBA—H—IE. TNAXADANEEDESICE L TEHEHRLE
WMERIEL TV ERA, BEARBHBIESESATO G ZY, Hof-&LTH, BEEEHTTOA
NEDEFHFEW SN TV EY LFET, LEA-T, BEBRERET 570, HISHKRZELHIBLEN
HYFT,

REMLGF BRI —T FL—YZEATIE. ANBRO FRODICEFRGES HODET U TOERERE
HFEZAETEFET ., ARTUTOERECOEAEZD—T FL—HDIT 57V FIZHEKEL, LI 4 H
ARSATET UV ITDANDELLMNITHERLET, h—T bL—¥hb DC SUTEEEHRIEL T,
ANBERFNSERZAELFET . h—T FL—UAERATELMEEE. DC ERREVILFA—5 %
HERAITNEA—T FL—HORDYICTEEY, PV TEHEICRET -0, DC BERETVTD
ANDREIZ 10 kQ DEMEFAT HIBLELNHYET, DC BEEZMA TN ZWITIILF A —2DER
StofEEFARNE, H—T FL—HICEDBELRLBERNFEONFET . ELLDANZERELTLE
WEBAD (TENEE, ANFEARETEHIRNETY)  AIELGVANBEBKEIZILTEEEY, £
SLAnE, REGERADODEZEN MDY, AEALYERICL-TLEVEY, ERFERTVITOAR
RO, 2 DOAANDREISHIFEA TN, FYEETY, £DH. EELDANITOVTHE
NENENOEREERHEEZRANILENHYFET,

B Junctions may be Forward Biased if the Current is Limited

B In General a Safe Current Limit is 5SmA

B Reverse Bias Junction Breakdown is Damaging Regardless of the Current
Level

B When in Doubt, Protect with External Diodes and Series Resistances

B Curve Tracers Can be Used to Check the Overvoltage Characteristics of a
Device

m Simplified Equivalent Circuits in Data Sheets do not tell the Entire Story!!!

H 11.2: BEXOEE

HREELDTNARIZTODVWTAADERBEEFMHZRAEL TLEDD L. RICHEERZ =5 mA [ZHIR
TEEOITBEGEROR/MEZRELEFT ., R 111 X, ANDBABELANILABRHMDIZED Rs DEFF
#KTY,

:\HNGWAX)—VSUPPLY
5 mA

Rg & 11-1

BEETTHREDEHIT. RUMNLEBRELAFT I THINERSNTULWLEWMEE TS, ZOES. Vsuerry (&
oIz YEd,
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BIZIE, FRISHADBEEEIZEYAITDBEEN 100 V ETERLIEET S E. 20 kQ LILEDSERIET
MRBETT, ARTUTOT7 TV 5—2a v DKREBH TlE. REHSDELBOIIAND—ALEIFTTTA, A
NOBMANBEREIZS D INSTUREMELHZ-OIZ. AAZRELLZTNELRLBVVEROEDEHY E
T WRAETAI77L0R 7o) , AET7UOTOANEZRARELLZTNIELESHBN LIE, FEREIC
K<HMEhTULET,

B Sometimes Occurs in FET and Bipolar Input (Especially Single-
Supply) Op Amps when Input Exceeds Common Mode Range

B Does Not Harm Amplifier, but may be Disastrous in Servo
Systems!

B Not Usually Specified on Data Sheet, so Amplifier Must be Checked

m Easily Prevented:

BiFETs: Add Appropriate Input Series Resistance
(Determined Empirically, Unless Provided in
Data Sheet)

Bipolars: Use Schottky Diode Clamps to the Supply
Rails.

B 113 7Y THAOMEREIZET 5 FEFE
7 o THHhEED AR

ART7UTIZIE, —AFEIEEADAANAAIEVE—FEFHEZBZ L. HAEFEDOEREE
HETHEDOADY ET, MHEAREGE VNS EFBEF JFET b BFEEIE p #FvrRIL) AJDT7 U TFIZHE
THREDTIN, NAR—SDT7UTTHLRETHENHYET a=Fq - 5427407 &
LTEMET HAEERT7VTIZENT) , FEAEDT TV r—2 a0 Tlk, HHEEDMHERENT VT
PTF7UTMERAIATVWSEREBESIEELZLEHY FEA, ZLDART U THUHEREDOHEEFIE
ZTWETA, SRTFLRFCBWTHEIZGRDZ Z LFOo=IZHYFEHA, LHOLENRS, —FKR - L
— DT TNV =23 Tl MHEREICE D TRELBRMVMELDZENHYFET, EVEI LI, U
HREE—BHEREICTEERA, TOoTOANDEEHENOIETVE— FEETEBURNIZENIE, H
HEFEDUMERERIELGECHBYET, MEREICET 2EERNT NI ROT—2— MIREHEIATWS
ELHEDT, LEYTUTDA—H—IZRVEDEIRENHEIZIE LIEEA,

BiFET DA RT7 T Tld, BYLEEBREZET7 > TOANIZESICEGLTERZFIRIT S L2k Y ., f148
REEEHRESIHELHNLSICTEET,
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NAR=FANDTUTTE, YaybF—-F4A—FEHERALT. BEBRL—ILHSHEEI UKL
LRNIZARNEI SV TTHIEICE>TRETEET, HNEEOMARGOFEICET 2FHMICDOLNT
X, BZXE 1 ZZRBLTLESL,

Vpos© 1 f
% R3 R4
B * | B  — *r —
DSZX E 0523 ] | D7
5kQ {>|_"
Q3 o Q4 1

IN+ O Ao L_at Q2 |
V+ D1$ DZXJZ
IN- O—AN\\—-e .

5kQ
*——-

* I D6 d
T 1 ¢
VNEG( . . . .

* D3 - D6: SUBSTRATE PNPs (COLLECTORS TO VNEG)

B 11.4: REREHAEBMEI NI OP-X91 DAHERDHHMA

L—JL to L=IL - ARFUTE. ADTEVE—FEFERDLEKICHEYERELEMEZSETIEILES
BWo, EEERFAEFEEYDTHLVVEEZRADSZLICHVET, ER. TOLS5GT7 T Ir—
aVICAVLWLNSTNA RIE. ANBENEREEZEA-LELTEH, BELGHEZ LAV I ENEFE
hET, RFOEHELZL—IL to L—ILABAARTTD 1 2THSD OPX91 77 31)— (OPI191,
OP291, OP491) [ZIE, ART7 U T#BEFXT LEBENLFRETHEBENEMSNTOET, K 114 [ZFRT
£51Z, OPX91 DAAKRIZIF, 6 EDFAA—F & 2 BOEIAFREIATEY. ANIHEFHE. 8&£U
ANGEFEERBEI ST LET,. DI LU D2 [F A—X-ITIv% NPN 44 —FK (NPN 5
DORADR—REALVIVFEEHRLTIAAT—FOEMEZSESLD) T, EBAKEEN 07V 8
ZIBEIZ, NSz - TL—95890H5 Ql - Q2 BEUY Q3 - Q4 DR—R%ERET H1=-0IZfE
AEhZEzd, §447—FKF D3 ~ D6 [FH TR L—F PNP FSUTRATHERSIN, OPX91 [ZEIMNE
NEARBEEZERL—ILAYSUTLET,

Y TRARL—F PNP hSUDRABEISUT - A4 A —FELTHERAT S E. BRFEWAY Y FAEF
hEJT, FSUPREADaALIEANAEREEHRINTVNSEH, AWHBELNERL—ILDOELLMERE
ZAbE. FAA—FHNEEL., BEERINTIEL TEEERATNLIDT, 7Y TOANRIZTENAER
LWDTY, &5I2, 5kQ DEIA OPX91 ORAAICEIIZHEHEINTWNS=H, ZEBAALBEMN 07V
HHBAI-LZIZ DI & D2 ZRNnSBEERZHELET,
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0D 5SkQ DEBIE n DTILAD p BERIZKS3DOT, EAEREEHKIATLNS 2 EITFALTL
a0, HIMENZANBEENEAEREZBRA DL, EHIN-HEERO—EIE Vpog ~HLTFET S
DTANEBIZERNFELEA. CNODFREDFER. B 116 DL SIZ OPX91 [FBNI-ANBEEHMEZE
RLET, FEITAREE, 5kQ OEREISUT - T4 A —FEHAEDESZLICEHT, T/AMR
DAANERL—ILEY 10 V EA>THEAHNEFRIF 2 mA KYMSL, BREICHIBREAhTWEZET
ERR

N
A 7/
2mA —— ./
1mA —
10V -5V 5V 10V
“+—— ———F> Vi
-1mA |
4 2mA ——
./ '
B 11.5: OP-X91 (&, RED 5kQ DEIMEANI ST - FA4F—FIZ&k>T
BEENSRESNATINDS

SHIZKREMEZEOIMEEE LT, Q3 & (4 ~DANKRIIRTDEAF—RFZEBMTEHEITE-T.,
OPX91 NERDRDENHIEINLIDEHLELET (FTHLEEHNEAY F4T) . AANEDASLD
EVE—REEZBAEEIC, B—. ChoDETHREIMEHhY A INEETDE, 7oTOHAE
FIERMEREZREILET, I/ A—FZEBMLEMREZR 116 ITRLET, ZDKSIZ, OPX91 77

S)—RFHABEDMBRECEDMOEELGEFEZRI LG, £5 V BIRT 20 Vpp ODANESZE
RR(VEBTEET, ChoDdT7rTEERATIE MIHTDIZUT - T4 A —FEFETT,
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N - 2.5V/DSIV

TIME - 200us/DIV TIME - 200us/DIV
11.6:0P-X91 & 2 DO ST - A4 F—F#BMT B EICE-T
HADEMEREZFFFIEL TULVS

OVpos
RrB
D1
VIN Rs Vour
O—AW\, +
D2

Value for Rg provided by manufacturer or determined empirically

REB may be required for high bias current devices
D1 and D2 can be Schottky diodes (Check their capacitance and
leakage current first)

11.7: BERAART7 T2V T, HEORYKZLI RITEKHANBEER
HABEDMBEREZHIET 516D —RRE S EMRER R DB

HAEORYHENWIRIZLIBEECHADMBREZEN CT=HIC. HNEBORERBEIERICHRERART
DTOBE. B 117 ITRT K II12, BIER Rs AL THETREHBI S L. LU av b
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F—  FAA—FEFERLTANERTEERNI SV TTHEN—RMBFIETY,

SMTITDEFIANER Ry DERET VT - A—A—hoREShTOETH, 112 8&UHK 111 [
HoMLORLIEFETLI—H—DEBRNICKDHEIIEHTEEY, FLOTLDIEE., COERMEXHS
BEEDMHEREZRETHDICHATHD IELEDICT, Yay br— - FMF— FERNLSHEER L HIR
LEY.

TOTDAAITHERNEIICEMEINDE, 7Y FEEV/ A XHEEICEENHLIZLIFBHALNT
Y. COBEFERIZE SRR/ 1 ADLEE, RAZAVTHETEEY,

En total = \/(en,op amp)2 + (en,RS )2 + (Rs ‘in,op arnp)2 = 112

COEIEMDE/ A X, COBEIERET U TD/ A XBRVFNDZELICE>TELEIEBRE/ 1 X,
BEEUVTUTODAN/ A XEREEEL-1D (/A XEEOBICIFHEENGZLDOT, ZFKMFEHIREE
RAWEY) BNEEROAR/ A XZREL. REERZERALGVEEOAANBE/ A XELEBETHEN
TEFEI,.

TUTDARICEFICHERSA-REBIERICE. ChERNDSGT UV TONATRAERICLPEERTHH
ALFET, COEBEERTIE. ABROA 7ty FEEDEMEL >TRNFET (ELT. NATIERMNE
EIZE>TEILETHE, TRV MR RUTRLEY) o NATRERSRFEFFLLT TITENTIE,
ENENOANCEBINEINBEREICOFEZERTSESI1CHE. REZRLLET, BNEhT
BEIEAAEREEDA Ty FEREICEZ HFEIF. RATHETEET,

Vos(total) = Vos + IbRg =® 113

Rig = Rs DIZEO. EBREDA VE—SF R - LRILDNS VAN ENTWBIBEIZIE., BEREADA D
ty FEEIIRATRT ZENTEET,

Vos(total) = Vos +IlosRs =x 11-4

Rip THE/ A XE, AT oY THRLTHIRIT S ENTEFT,

NBOI ST - BAA—REFERALTART U TOANEZRET HHBICIE. 1T —FOEEREL
V=D BRNT TV r—2a VICREIREZHELETNERYFEFRA, F4AA—FOEEBEL Rs
[CE>THESERICHDOR—ILINEBMENFET, Ef-. FAF—FDY—IBRIFBLEEN 10°C £EF
FTHILIEELET, TIT, 7IV—2aVITE>TRAGVEABERED LI, V-V ERDE
ANTNARICENBADNNATRAERD 10 7D 1 KYNESLBGEILIGE, U—IDINEWE A F—
FEERLAGTNERY EEA. Y3y b EF— - (A —FEEATHHEEDNLS 1| DOBERR. IEA
BMEERTNEEDOREKE LTEILTSHETT,
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EE, Yav b F— - FAF—FAHOWHEABDERETESZ +03 V ISHIBTHEVNIDIFTEHY F
th, LHOL, Y3y bF— - FL4F—FBARTUTERLERETHNIE. COBEEZT—2V— D
ERLUANILURICEIZHRBRT 2 LI TEFEAD, RELLUALICHRBRTEES, 14— FEART
VINEICRLERETHIEEICEK. BEREARICOABEENEEICRELES, LALENS, BR
EEBRATRIEZICARTUTNEES>TVRIHRICEH, AT —FEARTUTHRILEREICLED LS
[SxREFELCLETNELRY FEA,
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11.2: FEHRE (ESD)

11.2: B$EME (ESD)
HEWE (ESD) NEBEBARIZTEEDERLRE

E£BEEREE, BEREICI>TREITIREERFUVBVE—VERICEI>TEEZZ TSI EAHYF
3'0 SREOT7FOJRRICITEENATABREFHET H5H0AE . HERREDN CHERDANRK

EBENANY -V BRBEMSETLES O, —RULGT O LERE VIEHZZFTOTGoTW
i‘f)"

HEBEREZHCEOICKELZEEF, (1) ESD BEORERZMSE. () BETIHIBEEREZRZIC
BMESEI-OOHELGERFIRZMDILED 2 RTY,

B ESD (Electrostatic Discharge):
4 A single fast, high current transfer of electrostatic charge.
& Direct contact between two objects at different potentials.

¢ A high electrostatic field between two objects when they are in close
proximity.

m ESD Failure Threshold:

¢ The highest voltage level at which all pins on a device can be subjected
to ESD zaps without failing any 25°C data sheet limits.

B 11.8: ESD DEE

ESD BT 5EARAMGEEEZE 118 IZSRLET, ESD OBMERRMEL ANILIX IC ODT—F o — |~0)§E|§|
FTARTICEHADHZZETHY., BIZTNA RADEEHEICET H5EDTIELENWI EITEEL TS,
f=. T—42S— rOEEIE IC DARAEVEFTEHL, IRTOEVIZERAINET,

2 ODPEECTYVEDLEDCLICE > THEIMNRAET S L Z. BEFEDRLTFVET, HEH
F. BLGAHAMBICEL ST (TLEDHTL SF-ADLEZBRHT HIHELLE) | £IEREDHH ORI
[2&2T BAT—TZO0—LUMLEI0RYHTIESHE) RESEBHENTEET,
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ABD—RMIZIT S HRRZITEN. SEEOHEIFEERLESETT . W(OMDEHZR 119 TR
LEYT, RPDER. HEESNGZYSIVRETRELES ., BLEE, SIZEFEVFHOENLGET
(T, RISRLED 10 FULOBENRET HAEEMELHY FT,

m Person walks across a typical carpet.
4 1000 - 1500V generated

® Person walks across a typical vinyl floor.
& 150 - 250V generated

® Person handles instructions protected by clear plastic covers.
¢ 400 - 600V generated

® Person handles polyethylene bags.
¢ 1000 - 1200V generated

m Person pours polyurethane foam into a box.
¢ 1200 - 1500V generated

®m An IC slides down a grounded handler chute.
¢ 50 - 500V generated

® An IC slides down an open conductive shipping tube.
¢ 25 - 250V generated

Note: Above values can occur in a high (*60%) RH environment. For low
RH (=30%), generated voltages can be >10 times those listed above!

B 11.9: ESD M%4£E9 545

E£REEED ESD MHEDRBRAEZENFEAEEZIZEILTSEMT, ESD ETIARAFESINELE (H
11.10) o CABSDETILIE, ESD EFEDRERFRZIa2L—230FT530DTY., CO—BMIZERS
NTW3E 3 DOETILIE, BEBELBZANREGLEL>TWSE-6H, HRZEELKRT I LIEITEE
A,

B Three Models:
1. Human Body Model (HBM)

2. Machine Model (MM)
3. Charged Device Model (CDM)

® Model Correlation:
€ Low - Assumptions are Different

11.10: #BERTUIXILDET) VY
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&xHEL<R% ESD ET/IUIE. AMRETIL (HBM) TY, COETILIE, Bffil RC =2y FT—YTA
AKDOEMEBBREFLELUT A LIZE>TYIaL—YavlTWEY, avToyid,. SEEER
(HVPS) IZ&»THRES =, EIERZELT FEEERSM Vv FEFEALT) WESNFET, RC
DIEFK., NZE->THKELZY EFITH, HBM (X MIL-STD-883 » Vv K 3015 HEREBEZUNIETIE
EEEINTHY., RC DEAEDLEIL 1.5 kQ LY 100 pF ERMESNTULET, (3 DD ESD £7
IWTRTIZDWT R, C. L DIEZHE 11.12 ITSRLET, )

® Human Body Model (HBM)

Simulates the discharge event that occurs when a person
charged to either a positive or negative potential touches
an IC at a different potential.

RLC: R=1.5kQ, L=0nH, C =100pF

® Machine Model (MM)
Non-real-world Japanese model based on worst-case HBM.

RLC: R=0Q, L =500nH, C =200pF

m Charged Device Model (CDM)
Simulates the discharge that occurs when a pin on an IC,
charged to either a positive or negative potential,
contacts a conductive surface at a different (usually ground)
potential.

RLC: R=1Q L = 0nH, C=1-20pF
11.11: IC IZ&AAwI#e%: ESD £TIL

IV -ETIL MM) FAKRETFILOT—R T —RTY, MM TlE, AMEDIEREHEBSED FH91E
#HEATH2RDYIC. REDBEZEELT 200pF KU 0Q Z#FEA l,i'g“ MM @ 0Q OHAEH
1%, FBELE-EEXR BIZE. BEFHBRCXTLD DUT Y7y RABELTWSES) hd IC EY
ADBREZHELIaL—2ar LEF3EVSBRHEHY. ST - ETILEVWSEAFDRUICE ST
WET, LHALENS, MM [EIEEIZH SN TS ESD FEDEZF#VIaL—arv L=4DTESD
UEtA, LA, BEMNLETR (EVNMEZ 5L, MERKRICERAFELLEWMES) IT&-oTEHLS
ESD ERZETIIELIE=EHDTY, EIAT HED ED-4701 RHERAE C-111 £ A LU ESD &
3R S52 T MM HEOHA K54 UNREShTHET,

HET /NI X ETI (CDM) (& AT&T TEEINEZELEDTT, COETILIE, ESD OBMEIRILF

—BEM IC BATHAHEWVLSIET HBM ©® MM EELE->TULWET, CDM X, FBEEBOAA. RoT
AT 04%, BEUP)—F - JL—LHAHIEHICHFE BEIETSIVYFICRHLTEICHESE) LT
WEERELET, ZLT.IC EVD 1| RUENT SO RICEMTIE, BEXON-BRNAU—F -
TJL—LERVTAVT - D4V EZRELTREICHRELET,

11.13



R=S9y - Y7 - THAY 7HOrERERIZE T2 BEENEE
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BEIZE>THFELEDLIZ CDM MEBEAREET HHREMLHELUTITRLES,
LIC AMERYa—FEBUERSLS, BISN TLAELERAN—ICI—F— - EVAEMT 51586,

2IC A%, IR TWAEVWEER Y EDY - Fa—TJ%EY%ESL, O—F— - EVNBRKREICHEMT
58

HBM 1},/.&\5?}:@“i\f5\fkng HBM
DUT
HVPS 100pF
t
R1 S1 L1 Ra |
MM *+ 10MO 500nH MM
HVPS DUT
C1 TZOOpF (f
\/ t
R1 L1
CDM
10MQ 0 10
HVPS
DUT CpkG
- 120pF
[~
t

B 11.12:3 DM ESD ETI/ILOEKE ERKFRMGRE R

CMA®§$WH%23@~mmﬁ&ﬂfmw@%iﬁ&29@%?%@0TU$TOIOEMJBM
E MM AEAEELFELLEERMNS IC ANDBEEZSIaL—2ar LTS —A. CDM [EF
tIC#675@)FAQH%EDEJD—DHDLfbéﬁTTOLtﬁofsﬂndﬁﬁfﬁam#
IC hoonEfin, HBM &Y MM HETIEERD IC OFALFENET, 2 DHIL. HBM & MM
DOEBEOI T UoHHANEBOEEILT oY THS—H. CDM DEBEDI T UoHIE, Ny —T0F
BERETHHIRTT,

HBM > MM 274 Y., CDM TIERILAA TENAYy—RNERE S E ESD BBEAZTIELET, o

&, #HEHEET/NM X (DUT) OHBEBRENNNVSr—COEMTHLE-HIZEIYET, HIZIE 8 oD
NYT—UDHEBTEE 4 ECONyr—CNHBEREIFELYET, CDM DHER=IE. 1 ~ 20

pF DHEFETEADENTEEY, TNM RADHBERER, 1Q OERZALTHESINETS,
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3 DDETILORIBREZR 11.12 IZ.RLET, HBM & MM @ Cl [FHEa T U T, CDM D Crkg
I DUT ORFHEBTETHS IRITEELTLEEL,

HBM DRERMILEBED RC /NILREBETEETHN. MM BETIX. RERBBOFTLEAN 4942
DR (—HERIIZ 500 nH) ISK YU UFUIARRELET, BEMICIX CDM ERD 1| DOEBMHE/ LR
[ZHRYFEITA, 1 Q OERICENFETIFEAVEFIV2VRICEY ., IEENYBBIAES LY, £
POYIXOITNRELET,

MODEL.: HBM MM SOCKETED CDM
Simulate: Human Body Machine Charged Device
Origin: US Military, Late Japan, 1976 AT&T,1974

1960s
Real World? Yes Generally Yes
RC: 1.5 kQ, 100 pF 0Q, 200 pF 10 ,1-20pF
Rise Time <10 ns (6-9nstyp ) | 14 ns* 400 ps**
Ipeak at 400V 0.27 A 5.8 A* 2.1 A
Energy: Moderate High Low
Package No No Yes
Dependent:
Standard: MIL-STD-883 ESD Association ESD Association
Method 3015 Std. S5.2; Draft Std. DS5.3
EIAJ Std. ED-4701,
Method C-111

* These values per ESD Association Std. S5.2.
EIAJ Std. ED-4701, Method C-111 includes no waveform specifications.
These values are for the direct charging (socketed) method.

*%

11.13:3 D@ ESD €5/ HBM. MM, &1 CDM DLEE

& ESD ETILDELEHHER 11.13 [TRLET, FETILOE—VERIE. HEREEH 400 vV OEE
NDHLNTIT, E—=YEHRF HBM AREHELHE TOEIN, ChFREERSLERME N =TT,
CDM HREBET/NA ADHEBFENHTH 1 pF ~ 20 pF DEETHD=H. TRILF—IFELHZ-oTL
FIMN, E=VBFREELHE2>TVET, REIRILF—IEZ MM ARELELLHE2>TULETH, hiE
MM DRENREBWNEHTT (IRILF— =05CV?) ,

CDM. MM, HBM M 400 V TOMEKEKZ. BREHBRIORT—ILEZEHETLHERLEZLZDOEK 11.14
IZ;RLET,
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6
w L
o 4
=
< s 1 Socketed CDM
0 HU( | t T t T t
_ t
6
g_’ 4 |
z
2 A MM
0 A T f f i/\' ; S S——
\/ t
2T
41
HBM
g 27
=
< 0 e . .
T T I I T | T
t
HORIZONTAL SCALES
20 ns/div

11.14: HEREBEAH 400V DIFAED HBM HE. MM ME. $E& U CDM HNEDHE X A% ELEE

CDM Efsld. EHEHRTHRLEVEIRO ESD BRICHELET ., CDM EEOILEAYBEREIE 1 ns K
T. (DM BROAHBGEREEHTHN 2 ns BETT ., /NLADEDOYIZZLD) OXUINERET S
=, INSHBITHNYE—IOMNEELETH. CDM BREIFERMIZEBETT ., CDM BREEOHBE
BREAERBIZEN O, RELFEILEEMEVNVIRILF—CHEYFTHS, E—IEREIEL<LHYET,

MM BRBIEIL LAY EXTAY DIEZRE—Y THEERIATEY .. HIREKH(E 10 MHz ~ 15 MHz T
T MM ORFIDE—7(XEE. L EANYBRB 14 ns T, /VILADESEHEGREAH 150 ns TI,
MM (FEHOEER L BELBGEHEOE—I L H DN, AEDRBREZEICHLT 3 DOETILOH
TRADBMEIRILF—IZHYET,

HEiB%ED HBM KROIL EMNY BERIE—HBMIIZ 6 ~ 9 ns [THYET, —H. ILTFHAYBEERBIEH 150 ns
T, BEE 0V ICAD > THEHBHEMITEELET., (XYY F 3015 TIX. 10 ns REDILEH Y EFHE
& 150ns+20ns DEEFFEZEZRELTEY ., BEBEZEZE—VERD 100% M5 36.8 % F THREAE
TTHDIZETHEMELTERZELTULVET) . HBM OE—Y EfRIEL. 400 V/1500 Q DF Y 0.267 A
T. 400V O CDM ERH IV MM ZEROE—V ERICHERTIERBICEL E-o>TLET,
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&AM, HBM FROMHEMSLERMROO, EBRMEVIRILF—DOREBEIZZYET,

T TICHR=&L 512, MM BFEIEEEHSE T, HBM & CDM BB IFEARMICEBHETT, LMLEA
5. HBM Bk & CDM RERIEBHES LFUVCEBEOEAD/NILATITWET, LEA-T, 3 DOET
ILTARTIZEWNT IC [ZIEXEBED/SIILZADBDToNET,

MIL-STD-883 * Y« K 3015 Tl&, IC % ESD D#HERETHIEL TLET, 11.13 ® HBM #%{#EMA
LTHEON-2FEREZR 1115 IZRLET, AV Y K 3015 TlEEz. ESD ORfEERITI—F 20 A
FEERELTWET, XKEEAIJL—FDIIR 1 BEXUVIFTR 2 DIRTOTNARIZIE, TFhEFh
1 DFIE 2 20 TA] BEENRYT—VIZRRLETHS., V53X 3 DT/NA R (HERED 4 kv %
HBZ35) IZIX ESD Y=V XA+t RRELFEFA. REAIL—FEIUVEZERIL—FD IC kyy—2
21X, ESD #H$EREEEFRRLELS THHEVEEA,

HBM ESD CLASS | FAILURE THRESHOLD MARKING

1 <2 kV A
2 2 kV - <4 kV AA
3 >4 kV None

Note: Commercial and Industrial ICs are not marked for ESD

11.15: MIL-883C. » ¥ w K 3015 [ZHEDK
ESD M43$ELE IC ~DXRT

DS5R 1 IZHEINDIDIE. BEDN 2 kV [TEELBEVWIRTOTNAIRATHAHZEITEFELTLES
W LALERS, 95X 1 I2REINETRTODT/NA AN 1,99 V ISEETHEEFRY FEA, L
TNIZCLTH, ESD [T SN2 [RE) BEZEHDIDTIELELC, ESD TS b3 &I
BHEZEMNMITINIERY FEA,

m ESD Failure Mechanisms:

& Dielectric or junction damage
& Surface charge accumulation
@ Conductor fusing.

m ESD Damage Can Cause:

@ Increased leakage
4 Reduced performance
& Functional failures of ICs.

E ESD Damage is often Cumulative:

& For example, each ESD "zap" may increase junction damage until, finally,
the device fails.

X 11.16: #EWRIEZIEET S
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IC DEWEBEBAHDZXLIZDOWTOHMLZRIATBOSEHENTIT A, —iEE7%4 ESD OFEAEK 11.17 [
rLZET,

® ESD DAMAGE CANNOT BE “CURED”!

m Circuits cannot be tweaked, nulled, adjusted, etc.,
to compensate for ESD damage.

ESD DAMAGE MUST BE PREVENTED!
B 11.17: #BEBRICOVTBEIREREESFHE

RETBEORMEICLE ST, BEBREORL MY LT LML, IC DEFEHETS, LMALEAS, ESD
[CEbEhdé, V-V BROBMOMD/NT A —2DLILAEEDAREMELHY FT . T/ XA
PIZT—2— FORBREEDLLGVEMEZ LI-HRICE, HEREDAIERZEREIRETT,

JLy FR—FZEERALT IC 2FET 556, BISIENLETT. HERROFELERT S L
BHEDT, TNARAORMYBENERYRLEEZ D E. PATHESRET DREEAHYFET, TR
b=V bAd IC OER. FHEFRDT/NNA ADRE. TLv FR—FEADMIITERRDER G ED
IARTIE, #EYE ESD MERICK > TITORITNEGY FEA, BYBRLETH, SRATLOFREIZE L
TTNAADEELIBEICE, ESD ITLPEELHR FLAAREDAREMENH Y FT

ESD ICBLTEBEIREX— - J— K&, PHTY, BERRETICRIAEL. HEEWHETIHE
LHYFEA,

Two key elements in protecting circuits from
ESD damage are:

m Recognizing ESD-sensitive products

m Always handling ESD-sensitive products at a
grounded workstation

B 11.18:1C ) EBH#EWIERZFIHT 5

HEWRETICRT CEATELRLDT, BE—DXKIF, FHTT, TR &IT, FHIF 2 ATV T
DEBRLGFIETYT, RMDAT Y TIE, ESD [CHBVERERETSHLETY. TLTRORTY T,
ZTOEIGHBOMYBWNAEEZERT S ETT,
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All static sensitive devices are sealed in
protective packaging and marked with
special handling instructions

@ e
W \J
CAUTION CAUTION

SENSITIVE ELECTRONIC DEVICES SENSITIVE ELECTRONIC DEVICES

DO NOT SHIP OR STORE NEAR STRONG DO NOT OPEN EXCEPT AT
ELECTROSTATIC, ELECTROMAGNETIC, APPROVED FIELD FORCE
MAGNETIC, OR RADIOACTIVE FIELDS PROTECTIVE WORK STATION

B 11.19: ESD [Z58LNT/\A R DYHTE

BERCBLT A RETAT, RERQEHLTHESNET, IC FEE. EEHORAMEOSE
BLEF1— DTS M TOET, ELo0B84,. TORBEESHEREMES LS EZ— LIS
ATERSNET. BRESALEZ—LEICE. B 1119 2R &S [CEIRRY RV FIERARR SN
EHMEDRT v H—HEEbhET,

11.20: ESD IZBWVTNA RZWMYKZS - DEZESE

—E ESD ICHVWTNA REHFETENIE, REFIHETT, ASHMIC, IC ZRVDRERIIZTES
FHREKRETAIEDNBRYVDATY TTT, RORAT Y FIE, IC NEHERIET HHIIC. BREDOHD
ESD JEEMESESHETYT, HBM DFHEREIL 100 pF LHEWL=H, BV VE—4F X FEL
T. fElR7% ESD BEZAFICHDOREICHESE DI ENTEET, ESD JEDEHRN 10 MQ TH-T
3. 100pF DBHEBEE 100 SURKRFTHRELET,
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ESD #Z£IZNEBTH-HITHELGFEIR—FRU MY, B 1120 ISRTLOILBBERERESED
FHEEHEAEEETT., COXRAE 1| MQ DERZEL TSV FICERINATEY ., BESREM
BIEDLAERFIC. BWERICLIREDERIO SEEEETYET, T TITERALTLSEEEDLE
NEEBARTHDIEARF. HESKREY Y FERERBRZEMIRETT,

B 11.21: 7404 « T4 £ XD EHEH

EEEODRETERROLBRHEMER THAIZEITTE LTS, RELSRAICEERORA (PC
R—RIZEASINIHFRRGE) 2FEATLIBEELGL. FLEFLVWETEHY EFEA, CDM O
ETIK, FELE IC MEWS VE—4F U RZBLTHRET 5L, BLVE—VERNTENE ZEZRBLH
LTLESL, FEL IC NEINIRRICEMLIZIBE. TSICTOREVLRELET, 25
M. RACEIICTHELR IC AR 1120 DK S BRAICEMEBEICIE. E—VERNT/NA XZI8E
SEBEEELL BB LEEHY FEA.

Ff=. ESD [CEVTNARZEH/S EEE, EERHYRA M- NV FOBERZEBHOLES, EEMRUR
- N FEEEOEE. BIZEHEEDT—TZ2RNITHERLEET, IC ZEENSHERERICFYET,
CTH, RE2ZHRTHE-HICEFE 1 MQ OEBRZEZBELCLTYR L - NV EABT SO0 FIZERYT HLE
AHYFET,

ESD [CHHWWTNA RZEFRALT, 7AR2ATDT Ly RKIR—RFZEE LY, PC R— FEHAILTI=
U BEEICIE. IC KYEICTTRTOZEBRZHEAL TN IFIFLTEIRETT, COFIEICEK
Y. ESD [Z58LY IC [ ESD [T H INHKENR/DBICHIZ SNFET, £HHA. FAEITIEINTE
WRT7—RASN=EDEFEALTLEELY,

ESD M5 IC #1R#ET BEHICIE. IC A —h—¢21—HF—BVHFOBANBETT, IC *—h—IE. B
HERBZEARGRYSULLAIILT ESD NoRETDHZEICRVEDLERF>TLWET, IC BIREEE.
TOEREME., Ny r—C U OEMRGEOEMEIE. ESD TRILF—IIHT SEMEILS & UE
BAEEZERTAE012, BRSEE. TOER, Nybyr—S U0 FEOFRBERERBICHRZTIRY 4
ATULEYT (F 11.22) ,
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ANALOG DEVICES:

Circuit Design and Fabrication -

Design and manufacture products with the highest level of ESD protection
consistent with requir ed analog and digital performance.

Pack and Ship -

Pack in static dissipative material. Mark packages with ESD warning.

CUSTOMERS:

— 0 —«— n

Incoming Inspection -

~— n

Inspect at grounded workstation. Minimize handling.

Inventory Control -

«~— N

Store in original ESD -safe packaging. Minimize handling.

Manufacturing -

Deliver to work area in original ESD -safe packaging. Open packages only at
grounded workstation. Package subassemblies in static dissipative packaging.

—«—

B Pack and Ship -

Pack in static dissipative material if required. Replacement or optional
boards may require special attention.

11.22: ESD {REIZIZ IC *—Hh—¢a1—H—ED /= b F—BEREIRE

LM LAEMNS, 5TEA ESD RESTETIX, ESD RERKZE IC REBPITHEYRALULEDZ ENKROENFE
T, IC #FERATHADA—HN—HF-. #EEIZ ESD OXUAFEXIZDODNT, BELMBEZEESIE.
FL—=2 T %T50EL”HY T,
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p= !
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11.3: EMI/RFI 1289 2&EE1E

BHIE (EMD &, CIHE. BRFHABFECCRATLIVO=Z7ORTHRY MEEBICHE>TUWET,
NZEEFBE LEHARELETEME. 20 50 FFEOMEFELTVWELEY., EXEROREADET
BELPESRBEKEFEOHTRICE T, <D EMI #H/RHSIABEME. a2 b, HREBIZHHICH
ENTEDLEDEEIZHEYFE LT, EDN & Kimmel Gerke Associates #t DB DL E. ZDIETIE
EMC (EH;MIIT4 : electromagnetic compatibility) DFEIBEEAZITEFE L. YA TLB L UVEEROFREHEIZC
DEBEZEFEL TV EEHIT, EMI REDERZDHHEMICOVWTEHRBALET,

EMI H&HIZDUL\THFEE| =

CCTlE, #BBA—D—(ICREON-FEOEEMIE (EMC) DORH (BREREE & KRHRIRH)
[CONWTHEZRLEY, BRATHESNA TS EMC RHillE, BB OCLRATLOHATEASNTS
Y., BEIZITEBRAESNATOEREA, TD=8. EMI OREEAIE LE-HBLEN S ENLT, TLICFERS
NTWLLELOEME FFICEEER) 3 EMI OXKZEBIELTLDISEVGL, ERBTLLEAFE
Ko

RER#E

RERHD EMI RENZEHAEL TLADIL, KE®D FCC (Federal Communications Commission) & KA Y ®D
VDE (Verband Deutscher Electrotechniker) @ 2 DD T, VDE DFEHIDAA, EEHOMETIZEEL T
FCC MPRF LY IBLLLE>TVET, BRMERIKIE 1996 FIZ, RF, FHENRE. BLUERZ M1 U8
BIZxH T dHAIa=T+% VED ORHITEMLELZ, BARTIE, VCCI (FHRUBEEFEREER
FHRHEBER) OBRBICERLE-READ EMC RENEE SN TOETH, LHINRTESY FCC &
VDE DR LY EEMEHENBLDTY,

REA®D EMI HHIEIT R THELG I DA PTLERERETRET S-HICEICHHII v aVICER
FEWVLWTWETAH, FCC & VDE OEBREELEEBEREIIvI 3y (HELAILKY 10 5L (CEAL
TIEZENIFEBE LS HY FH A, FCCPart 15 FRHEFH LTV VDE 0871 HRAlE. RERKHZZ 2 DDI TR
ICHBELTVET, V757X ADVEXRESLRZEZTIREL. V757X B A BRREAEREKREXNRE
LTWET, FIZIE R 11.1 ITTRLTWWADIX, FCC Part 15 LU VDE 0871 IZ#MML-BEARAaY
Ea—2EmlRE T 2BERDHFRETT .

I TICEELL VDE DI w3 VDHFBMEICMA T, BMERAD EMC ¥ (IEC KU IEEE) T
X, 5445 EMI OB E LT, RF BR., #ENE. BRIM VHEIZHT I/ T2 =2T4I220\T
HRHIMN T ENERZF DT TULET,
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BRI TS CHRFE SN D TR TDHREOU AT ALIE, 1 ~ 10 V/im @ RF BRAE (IEC 3R 801-3) . #%
BEME (NMEEDEMOYMENE ZEITE>THEETS) [TXD 10 kV ~ 15 kV OEE (IEC #B#%
801-2) . 4 kV @ EFT (BRMT77RA k- F52T 2 b, IEC 31 8014) LU 6 kV OEH—
(IEEE #H#& C62.41) THRAETIEBRIA VHEICHT 2/ I a T4 & HATWETNIERY EFEA,

RERAaAVEL—3BRICBITAIMHAITI VS a VDHRE

A R % I93R A 93X B
(MHz) (3m) (3m)
30 ~ 88 300 pV/m 100 pV/m
88 ~ 216 500 pV/m 150 pV/m
216 ~ 1000 700 uV/m 200 uV/m

Reprinted from EDN Magazine (January 20, 1994) © CAHNERS PUBLISHING COMPANY 1995, A Division of Reed Publishing USA

Fz 11.1.

KEEFARS

FEEAUBENRE LT- EMC &M MIL-STD-461 T, #BOMHFTI v ar e, hEIIxT S
BRORBRZEITERAINET, MEII v 3 VOHREE. & 111 ITRLEZELYESE 10 ~ 100 5%
BELIMETY, RF BRICHTEIM I 2T AIZROLNIHREIL. REAMBOTRELYEE 200
ZEEELLME (5 ~ 50mV/m O RF EREE) TI,

ERAME

FEEHFIESATIIVWELAN, EEBFICIXT S EMC REHEFEE. KE®D FDA (Food and Drug
Administration) EMMERATHIESNDDOHYET, Chio®d EMC RHENEICESEFELTLSD
IX. RF ER. #HERE. BLUEBRZ A VHEICHT HM4 T2 =T« T, MIL-STD461 THEINTL
HHRMBEIYLE. EEMNITELLLGELHEESELAHY T, EERITO EMC REOEZEMIE. ABOR
2%#RETEH LT,
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HH RS

BTHl, BRABKPLCERVATLNHFIT 2RECRIRYTRELON., BEFEOHTDRETL &
5, BRVATLADEEY EMI OBEMNTART., CORRICHEELET . TNICIMA T, WIHLEEME
BE. BR. TR, EELEYEIMEFZSSICERIEFET., -, MO AT LTIIEBEMIZEDN
BEM (7534 - E—X, 24— FRIL—-aAVTFoHY, A9 48, B, >—ILKE-45—TL,
DA, aARxI43) A, ENFBEDIR FDOE-HICEHHARTIE—RRMICERSINGWN=H, FYL-o%Z
SN EMIEL TLWET,

RE. EFHAD EMC RfllE. BIEMNG SAE O 1551 8LV 11113 THESNTH Y. FLEEHIEL
FENTWEEA, LHOLEAL, ChLDRFIBH THEHIETT . SAE DR 1551 (FEFmLARIILTD
EMC DEHRICERASI ., B J1113 (BEERIIZIE MIL-STD-461 L RH) FEHHADEFE S 1—I/ILE
RICERAINET, FIZIE, JI113 % TIE, EFEDa21—I)LE 3 A—FILOIEEET 300 nV/m A
DEREMFATELRWILEZRELTWET, ThlX, FCCPart 15 V5 X A DKL Y. £ 1000 &%
BELWMETY, BEIEA—H—X, E<DT7TUT—2a3VICEVNT, TRALDED2—I)LIZERASINT
WSEEEBIERS (C J1113 O RF BRA ST HBEFZRLTVET, LEzA-T, ELVER, BF
BHA—h—I&, IC #ERHIEEHFD EMC RIEORFZEMNMT L LEEERTHSTLLD,

EMC HHIMNRFHZRIZFTHE

INSUNDMDEL DT TV r—2avI2EWT, BH DT 5Ntz EMC RHICERT 2-0ICE, 7
—TLDY—IL R, IMNREORBRGHEICHT DETRELI VBRI A DT (IR VT, BHUIC
EHEEOEVWEEB T FEROLA 7 MIDWT, I ShEHEHZAL. BX<ORK. €EPa1—
W, BEVVRATLEZEEICHRATILESHYET ., RI~NDRIE, REF Tz —XDERNERETEBET
% EMC DRAIZEY ANT, BREIEIR FOMDSERIEXRZRITHZ LT,

SEEH: EMI EHRS =HDORE

EMI OEE%F&/MEICIMNZ 51=-HI21F, BBEROCORATLORAEIIHEREDEWNZHSITSEELHKSE.
THEHLERBRRICHEELTVWILENHY FT, FEMREZELLERT HICIE, FREFBHEIZEHRD
EEMNSHAN-E2BZERLATNELRY EFEA, HIZE, ERERETTERINSZEERO ELDEE)
B 1123 IZRLET . BBARTIE. T4 VIIEERKICGEY ., 30T oFFA 220 2I12HY, 1057
HRFaATUOHICHY., BRISHEIRERE LTEMELET.
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BEHAVIOR:

LOW FREQUENCY — RESISTIVE

MEDIUM FREQUENCY — INDUCTIVE

HIGH FREQUENCY - TRANSMISSION LINE
AND ANTENNA EFFECTS

RESISTIVE

TYPICAL ROUND

IMPEDANCE

GROUND
PLANE

FREQUENCY

Reprinted from EDN Magazine (January 20, 1994) @ CAHNERS PUBLISHING COMPANY 1995, A Division of Reed Publishing USA

B 11.23: {1 YE—S2ADHE : D4 Y4TS9 K- TL—>

BICHREMEHN, 5D F - TL—C0RBBIGCE LB LB T7A YORRBIGETT ., %<
DEFETIE., T4 VIEERCESO) F—UBRELTHERASN, V5OV TL—2VEFELEE
Ao TAXIE, BOEREBTIZEREITEWVER (22 ¥—2 - 74% (EEH 064 mm) T 002 Q/m X
W) ELTHELETA. £ 66 nHm DHFEAFVAURIZEY., 160 kHz A HREEHTILFE
HIZHEYET, SHIT, TA4VDHA XERE., BLUERBOEEEZZITT, REBMIZITHIEFRELA
VE—RBUREEARGEBKICHEYET, RF OAFE NS, B 1126 [ZFRT K312, LIHIHTULVEL
EERREFNBEF L7 oTFHICHBYVET, —A. XEBABDIT VK- TL—rld, [EHHIZR
ELEBEE LT, LELERKERICODEYESA VE—F U REZREET, EEORZOBEE L CE
e BHILT, ITLAED EMI MEDRBRRERDITH-ODEREILTHIIENTEET,

EDESLHHETHN., BRLED EBAT IRNHEBEZILTHINELEY FH-A, COT7 TA—FIFH
FHFEEUTVET, RVDOBIFROREEICEE LT, RREILT. RKHETRA LT S5-ODEERE
BLTETL, £, BRIZBEELET., COTOERIE, IRTORHFEETAML, BiIFEShIERE
ERL., BRTHIETHEET, EMI ITBELTIE, BEBROIL—LIT—IMHARIATVET,
Kimmel-Gerke #% [SZ&X#k 1] TIRELTWAETILER 1124 ITRLET, COETILA EMI DR
REAEEIND=HICIE, 3 DOEFR (RER. 2ERFLEAWESE. LU, 20 2 DOMDZE)
NIRTHBETHDIIEEZRLTVWET, SHBEORERICIE., SEIFLHHBENEZ SN, HHEE
[, BAROEEHS BRESROBNMIEZIKITEIOT, REREZEBROHLEAKITTLET,
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HEESE., 8 (RO TLOMEERER) FHEERH (FEEEA VFIE VR EFEREOWA
FREWITIAN—7) ITE>TRERICEELEY, RIS, BERORIREA 30 MHz REDHEE.

PBERNMESGENDIELG AN ALFHEERERICHYET, 30 MHz ~ 300 MHz TOELGHFEEDA D=
ALF, T—TIUH5OBFRARI AN Y —2(273Y F9, BIEREA 300 MHz B2 H5EDE
BREDANZXLIE, 2Oy FOERLSOBEICLY FT, BERILFEHTHIHEENZ DT,

HEDANDZALEFEEOBAELELELGYET,

ANY INTERFERENCE PROBLEM CAN BE BROKEN DOWN INTO:
B The SOURCE of interference
B The RECEPTOR of interference

B The PATH coupling the source to the receptor

SOURCES PATHS RECEPTORS

Microcontroller Radiated Microcontroller

+ Analog + EM Fields + Analog

+ Digital + Crosstalk + Digital

Capacitive

ESD Inductive Communications
Communications +Receivers
Transmitters Conducted
Power + Signal Other Electronic
Disturbances + Power Systems
Lightning ¢ Ground
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B 11.24:EMI QEZMIL—LT—S

3 DODERMNKICHEET SHI5E. EMI OMEZRRTE-ODITIL—LID—Y %H 1125 hoEIEHT
CENTEFET, ARFEHBFOVRTLERAENRU LG FTNELESBEVHEIZE 3 2024 THHY
FT.E5 1 DI TOBEIE, BBICE - TERIA, BBHOBFSINIWBETT, BBRPIRATLA
NDIZSy>32ELTHONTEY, GEIAIMEHSIASIMOWLTMNZHY FF, & LTE, /X
—YFI - aVE1—ENBFLNET, /—F PC OTRY by T PC (X, HBREN BHE[IZ FCC Part
15 MEOELWEEEZ/ R LAETNERY FRA,

E2 D84 TOHEN., BBROVRATLDLZIA=T4TY, Chid, BOEHR, DEYEIZ 3 A—
FLODIEBT 1 ~ 10 Vim OBEDEBERICE L SN-HEORBOIEEZRLIZILDTT, 13227
1DRDHY IZBREL VS HEIFEONFEIN., CHERFAELIEBEEENEHERISHT HERBOOR
TLOBEEZRLELDTT,
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HANDHELD
TRANSMITTER

INTERNAL

ELECTRONICS

RADIO

TRANSMITTER RADIATED

EMISSIONS

LIGHTNING

HUMAN ESD EMISSIONS

POWER
DISTURBANCE
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B 11.25:3 DDA A4 TOIHE:
IZIwd3y - A3a=FT4 - AEHE

FE3DIATOHEN. REBHE T, HICERMLBREETHY FEAN. RBHEICIE. EERNOS
ETFCAINEABNASREL7FOSER (FLFMBOTOL2IILER) ITHEEX521+Y. BED/ 4 XN
T7HAJRKETCHIRBOTAICEEEEZ VT DEN=2EMNEITFONET., REBHEIX. T
CANERETFASEBOE. FRIEE—F—PUL—E¢ETOFIIEROBTHEEICRELET., v
DAL VTFILVRETIEH, PRATLDTOAINUBSBAT7FOJEIRICHET S ENLLSHYFET, ¥
ATLIZE-2TIE, FREICERLZTOHILVEABATFAJEBRE T THEUERLZAT D2 IILERIZEEZE

BEZ3IFE. ABMBENELARLISETZEELHYET,

Kimmel Gerke Associates (&, EMI (B89 5B Z /T -0 DFELER - B - EHOETIILICM
ZT. FAT-ID [8EZX# 1] LVSBMEELEALTWVET, FAT-ID &, $5¥ % EMI OMEICHFET
5.5 DNERRBBRERIEFETY . 5 2OERWST A2 &(F. BEH. &\B. FKE. 12 E—
HFUR, BERETY,

WEFEZDESDAREHNCBRBRMAHATEES, HZEX, BEREHBHEORKEZCDIGE. BERD
BHRTY, WERORRBENE S L, BEREIRNM VE—F 2R (BE., FERE) ORBERLE
BEIHYFET, CDFE. EEDA DX LIZHSHTT,

EMI ORERETIE., FEEBRRITEZTHRZAAIEETT ., ERE. EMI OYEIL, BEEDARY MLEEE
RETHOITBRELREROTARTH, EEORBRBIEEICEEFNTVWSAILEEFRLTVWET, T2
ATLTIE, EEOILENYBMENILRABRLEZAVNSDE, RRITE>TARY MLEREELTE
ia—o

= 11-5

fEMI =

T trige
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= — AMA— | I e R

| INPUTS PICK UP HIGH FRE QUENCY ENERGY ON
SIGNAL LINE, WHICH IS DETECTED BY THE AMPLIFIER

S—r
Vee =

—MA—

L

n OUTPUT DRIV ERS CAN BE JAMMED, TOO: ENERGY
COUPLES BACK TO INPUT VIA Ve OR SIGNAL LINE
AND THEN IS DETECTED OR AMPLIFIED
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B 11.26: RFI FREDNEWVNT7FOJEBRTERESEHAREELDH D

Bz £, SLEAYBEEREA 1 ns D/YULRIE, 300 MHz #8225 EMI BEHMICHBELET, COBRBERE
BHOBREIEE7FOJEKRICHLERATEET ., 2E7FOJEETIE, 1000 Vips 8BRS RAI)L— -
L— b 500 MHz #2554 UwigiigiE (GP #8) 1B LLEHhY FEA,

COMZEHBOVATLIZERTSE,. EMIDII vy avtEf-, EBNILENYERE/NILADRE
RLUEQBE#MICEYET, EEROVATLAD EMI DEEEZFELTBEIZ. ARG FSL-T7+54
H., BEUVERTO—JEERETO—J#HA-EEDA L ORa—TJ(XFEEIZERLY—ILTT,

EMI OFIESIZEWNT, £5 | DOEBELGNTA—EFN, —TIIL, 74%. BLUVERDOYEMT
ETY ., =TI, BERD/IY ST -T7oTF+ (ZEH LLTH, BHEDOLSIUVRIVE (BRE
R ELTHIRABES CEMNBHYET, EMI NEEINDZETATIE. v—JILOYMEBHEGERIEL—IL
FEEEICARDIBLENHYET, ABDL S (C. BHMLGTEADEEE. BES. BEE. 8L UVEERHO
B TY, #HBROEARDEDOLIE. XOv k- 7oTFHFELTEET S8, EMI DI RIILF—HRID
BEFRBICHEZRIFTEALAHY FT,
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J|ERAEREHE (RFD

COHRIIEHEEHTHINTVET, STHOTLEDKER. EHERIER aF1—42, EX
E—4—, HL—COR7EHBESR. ERHEIEH. ticiHIEchBONEEHYVET., ChOoBRHEBOH
FEITRTHARBOVRATLOMREIZHEES X, BIRGIGESICEMETEIZTIBRNALSHY EFT., BED
BRPRKESICEADLLT., EROCATAE, BREEREHE (RFD) IIXMT E2RNDLANILDS 2T
AEBATVWARENHYET, ROETIE., RFI NBEOHBOBEEIHTS 2 DO—BHLEA D=
XL, ThhHsE RFI ITHBRLG7FOJEROEEZENLGEE, 8LUC—ILEEShizy—TILAD RFI O
FEITDOWNTERBALET,

BE. 2 DOAEZFE->T RF ERICKHNITIEFUATLOBREZRLET, BIETIE. EHRMEXA
SAa=TF4%2=y FTHMEh!: RFI OBNFEICHT IMBORIELEELEFT, &Y —REMAE
EMI O #TlE, RFI OFEZRT-OHICERBENAVLOLET, LEBEDH. K 116 #FEAL T,
ERBELENEELHEICERT LI ENTEET,

E(%) =61.4 PTLmV;J ® 116

cm

— T
E= ERME., BHEFARILF A=t
Pr=#EEH. BEEI YTk /om?

HKER - B - ZEHOETTILOBEALIL, ZEREABOBROAE E (X, EEBH. 7oT7F7
B, BEUBHEOREREISOPEBMOBYMTYT ., CNLDEIZCHTAERBEDELRX GAERSIVE
FROBERIZHLT) A, R 117 TEZLNET,

E(zﬂz5ﬁﬂﬂiz§q % 117

m d

i
i

E= BFME. BEfE V/im

Pr= #EEH. BfIE mWem?2

Ga= 7oTTHRIT (#iB)

d= IhEFRLERM O DIHERE. BEAIIEA— ML

BIZIE, 1 W OEFTEBBBCE->T I m OEBETELCLIEREBEN 55 Vim THH ADIZHL T, 10
kW DS OABIZEST 1km DEBTELDHERBEIL 0.6 Vim REIZHY EFT,
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7FHAJEREE, —REICTOR2IVERELY S RF BRICHTIBREASCHAYVET, GELGL, 75O
JEBIEEVFFTEEL, 420KV EPI VARV FOBETESZLETERTAEL LG
TY, CNICHLTTORILERT. ESORIEE/ A X - I—DUNKEVNEH, 7HFOJEELY
RF BEROEEZZFICKKLEH>TVET, B 1126 [TRT &LDIC. RF BERFIFEHESLBEREOM
FELIFEVWTIA—FORREEY ., /A XERP/ A XBEZRESHE. RELIZ/ A XEFBA VE—
FUOADTFOTHBIZESTBREEINET, E<LDHE. COLSLBERE, FEND/ A XESER
HL, BRLET, RFI /A XD EBREINDE, BERFRBOIATLIZENWT, 77ty FERIZERA
FHADY I FHELET,

LOCAL REMOTE

g =

—“”? §
SRRt

Decouple all voltage supplies to analog chip with high-frequency capacitors

Use high-frequency filters on all lines that leave the board

Use high-frequency filters on the voltage reference if it is not grounded
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B 11.27: 7+ A4S EERIZ RFI ZED1F40

RF EROUHENST7FOJERERETH-OICFIRATELHEMAHY ET (B 11.27) . RFI HEH
EZHDIE, —RUICESOAN, EEOHAN., BRD 3 DOEMALZEFoNFET, L Ed, 77
AT IC £ET042)L IC DERE VOEGEIETART, 01 u)F DS Ivy -avToYTTHhY T Y
TJEE2BENHYET, FHIETSEXXH 3 ISRBESNTLETH, EEOFEHIED 10 ~ 100 FIEED
Ay FATRABBEEFEODO—NR - T4 LA %E, VT FI-a0T42a =V RIBOAEAEICERE L
T/ ARETANBI)ITTBIENTEET,

A—/SR = 74 L2 (LPF) A, BEL TS RF $HFRORKEREIZx L THRILAERIZHESATL
ENESIMNEENBETYT, B 1128 [TRT LS. EBEOO—/NR - T4 LAEEVWERKT Y/ —20%
REIEFET, F4LEDAVEVANFEBREICLE>THRZESL. Z4L2ADa VT UoYNRFEAS
DR VRIZESOTHREROLTLEIDTY, FLWLDEKTRELT. ANESOREHEN T 1L
ADHY b TREED 100 ~ 1000 EELEdE. BED (E—Da ToHESA VT ANGR
) B—IR - TA4NWAEY—ILIBHSAEEMNHY £F, HIZAIE. 10 kHz ® LPF % 1| MHz %#E X
SRBHED 74 ILAIE-TEH, SIFEEDHMRFFELNLZLTL LS,
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TYPICALLY 100 - 1000 f34g

FILTER
ATTENUATION

FREQUENCY
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Bl 11.28: BE—DEBEEEHO—/SX + T4 JLAIE 1001000 f358 THRZKRS

1 D0 LPF Be&FERATS &Y. hEFEROBEHFEHZEFEH. PHE. BEEHICKEIL. ThThOF
BZxIEd 5702 EERATHEEHESH LET, Kimmel Gerke Associates Tld, AT LA - AE—
h—D7—n—- TYFLYY - YL—A—IZRITT, B 1129 [ZTRT LS54 RFI DE—/X -+ 7
AILADEFFELTVWET, CO7 TA—FTIE, EFEEREH 10 kHz ~ 1| MHz, FHEEREA 1
MHz ~ 100 MHz., & EREA 100 MHz ~ 1 GHz T9, Y—ILREnE=5—TILOABATIE, ¥
— L RIEDNSDBERED) =V 2 =012, BRARHEDO T 4L Z—IL FOELSICEE LEIThIE
BYFETA, INE—RNICT77r—F - INL—RELEFUVET, ABASBIZO—IL KBREBELRT T 57—
DavIELEAEIE. BRARZANEETESEIT7FRJRBOELICERET S ETY, nld.
HOERIBEN D / A REHR S AREEEH C=HDMNETT,

FEEDTHROUGH
CAPACITOR FERRITE

BEAD IRON

h UL

— 0.1 pf T 1 pf

.01 pf —
7N
# 4
TWEETER MIDRANGE WOOFER

STEREO SPEAKER ANALOGY

K 11.29: BT 4 ILAMNSSIZED
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FILTER
Co T 1
N AL —
HF HF
ENERGY| T ENERGY

BOND IMPEDANCE
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B 11.30: E¥ 0 (FEHEEREOEAFEIIVVTNANM—AD) T2

BREBOTIIIVE

T4 UTIZKBTEE5 1| DOREAZR 1130 ISRLET, 592 FEGRIZALTES VE
—BZANHDE BIZIETTOUR - TL—UEEHKLTLARVNIA VYOV —URE) | BF
K/ ARFIDA VE— B ARBRBEFALTIAIILEZEZRLITNANRALET, BELEREZE D=0
21X, 7432 DEMIILEFEHTITD, B4V E—422AQORASA Y FOETEGLETNELGZY FHA.
BEARAVTUOYD)—RETEZETELTIBLENHYET, BA VTV 2V AORARER LS =
Y FyT-avTIUoYNEFELIVTL LD,

B 11.31: To—LF) F—JILIEEREEREZEEL., 7oTFHELTEHE
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RF 20334 22T« ICHATRERDREVD/NA— LT, BEBLANILOEMZDODWTHERELz, X
MDETIL, RF [CXHTE2M 2T DE 2 OHBHUEHRS: §XTOTF—TLVE7UoTFELTERDE
SAEICONTERLET, B 1131 ITRITEIITH—TILEY—FBRTRIFET S &, FEAEDVRT LA
MEFHIZI Vv avORRICERLAGCLGYES, TnEBL T, FHEFEZRB L TERAK/ 1 X 7r—
TLDI—IL FREFICHEELTLE 2 EICKYET, HELY—TILOREA, HhEROBEREEIZH L
TESHMICEWN (COEZAFBRLET) LA EEILELIE. BHRLE 114 BERT7UOTTHFELTRSE
STAHEMEADYET, ¥y—ITILD—KERI Y F T - Ry hI—0FBRL. RIZRTESIZ, /4
ARSI —IL FRBIZEESLET, —#BMICiE. Y— KL 10 kHz 2 FERIBZ7Z T 5r—S 3,
BlZIE 50 Hz % 60 Hz OB ERDRELETOAERT I EEHENDLET . BEROBERED 10
kHz 282257 77— 3> TlE, EXMICEYEMNICHLERICEGKESINZO—ILE - axV 2 2FER
LETFAEGEYEFERA, P—ILEREDLATWEWT TSy —2 30 TlE, AHAEES AV EERSA
VICTANFEANDZEDRENTYT, BRARERETDICIE. MNEDTzSA bearTUoOHERDE
SHRETHEALAZTAERYERA, (1) aVTFoHD—KEEL L, EXDYT SO Y REBERERE
HBIBE. Q) JARXEHRODBEWKSIZ, Z4L8ZaR030ELICEREBET S L,

B Radio-Frequency Interference is a Serious Threat
¢ Equipment causes interference to nearby radio and television
¢ Equipment upset by nearby transmitters

B RF-Failure Modes
€ Digital circuits prime source of emissions
€ Analog circuits more vulnerable to RF than digital circuits

B Two Strategic Concepts
€ Treat all cables as antennas
€ Determine the most critical circuits

B RF Circuit Protection
€ Filters and multilayer boards
€ Multistage filters often needed

B RF Shielding
€ Slots and seams cause the most problems

B RF Cable Protection
€ High-quality shields and connectors needed for RF protection

B 11.32: SEREARBIHE LRERBOT LD
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TRANSIENT

GAS ?LS;EHSARGE SUPPRESSORS
BIG ZENERS
CROWBARS CHOKES OR MOVs

—\/_H
LOAD

A - —
Y}
LINE N (Y Y Y
G @
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B 11.33: SRS 4 VHED EMI ZRESHED

RFI [CRE3 ARIEMARICE LTI CEFTRRTELELB/A LM E. B 1132 [TEFEHFET, BHADL
KOMIFBRLFEFEATLEN, IRTEHELKEETY, COMBEICET % & YEHMERIL. &K 1
E 2 EZBBLTLESL, CIETOBEIX., RFI (CXHIT ZREEMRADEEEZIRERL,. £{# I35 RFI
DEEDRREEIRRS T ETLT,

BRI 1 VB DORRE

CDIETIE, EIROCVRTLEERSA VOBENGHEN CRET HEMCOVWTHBALET, (BR
SAVHELREICEYEBOVRTLANRET 2AHDZALOERS A VHEE CAHEIZDOWTIZEM
EAEEEET, )

B 1133 ENA Ty FEDERINS VOV MRERY FT—9D—HIT, FFIZKD 5Pz 0k
BEDBRSA VHENBEMICRETDZ7IIVT—2 3 DS THEASNDIENDTT, SOLSHXR
v hT—=21% 10kV 3DFEER 10ns EVSEBETRET ISV VMO LRETEDLLSIC
BEtESNTUWET, HAREE (VA—N) EXBEDYIF— 544 —F (U507 #ZHE—F
BEIVOAEVE—FOREICERALET, SEFEEFETHVERO/NEUEERSANRELRISEICE, YTt
— A FT—=FDORODYIZAZIL - X YA K- /N)RE (MOV) £LERTEET, HAREEOKERH
REELUTTIE, Fa—Y&#ERALTH—CERZHIBLTLET,
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HOT W . U\)\ATO“OT
LINE (: ) :E}“ LOAD
VU o TN AL e
onp oy,

OPTIONAL

\

NOTE: OPTIONAL CHOKE ADDED FOR COMMON-MODE PROTECTION
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K 1134 [TRTESEER EMI 70 J)LA21E, SIEEWBEHTHEVWRS OO Y FOERBROHIEZRKRE
FTHEDITHERATEEFT, COEI% EMI I )L ZFRAWNSDE, OFEVE—FREEFHE—FOmMATY
ANWBY)OTHAEETY, RERAT7—XICFI—V%FEMTSHILICEH>T, AFEVE—F - /A4 XDH
DREFBILTETET, L. BRIA VHEDOREICFa—VDERNEEEZEZLELH ST
O, HFEYKRELFa—VIEATEEEA,

® NOTE CONNECTION FROM SECONDARY
TO SAFETY GROUND TO ELIMINATE
GROUND-TO-NEUTRAL VOLTAGE

B STANDARD TRANSFORMER - NO SHIELD é

® CONNECT TO SAFETY GROUND FOR

Bl SINGLE FARADAY SHIELD
COMMON-MODE PROTECTION é

£

B SINGLE FARADAY SHIELD
® CONNECT TO NOISY-SIDE NEUTRAL
WIRE FOR DIFFERENTIAL-MODE

e

PROTECTION
B TRIPLE FARADAY SHIELD
® CONNECT TO SAFETY GROUND FOR
COMMON MODE
® CONNECT TO NEUTRALS FOR

DIFFERENTIAL MODE
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B 1135 #FEFSVRDIT7ST— - =L KN
SEITFELLANILOREZTREICT S

11.36



R=9 P - YT - THSLY 7rOSERBERIZET S BEEDOSE
11.3: EMI/RFI B89 2 EEEIE

FSURE, JFEVE—FDOBERIA VOMBZICRETYT, T URITKY., BULREAKE (<1 MHz) .
FIEIILEANY EXTNYBERA 300 ns 2BZD S0PV L RETEEFT, E—4— /(4 X
PEFIZEBDFSUC IV MDIFEAEFIZDHEREICA>TNADT., #BLFSVRFINSIZLIBE
[T LTEMTY, B FSATIE, AHABEERMICHRZESIATLWSEOD, FEEISEN LS VD
T2k (<10 ns) . BIRIBEOFHERE (I1ns ~ 3ns) ITEKB IV MBI RIZRESAEE
Ao B 1135 IZRT &SI, B FSVADKREICE T, ZEHE—FKPIEVE—FRIZEFSSFESE
BURNILTHRETEENTEFET, ZEBE—FDO/ A XABRETIE, 7275T7— - V—ILFEREAICE
HBLET., T, AEVE—FD/ A XBETIE, V—ILFREREA7—RICEHKLET,

COUPLING TO 1/0 VIA COUPLING VIA COMMON
CROSSTALK OR RADIATION POWER IMPEDANCE
. N
A i L i S
é 4
F /
T / RADIATION
ngxgéoﬁ.ﬁﬂ%"“ COUPLING VIA COMMON FROM 1/0
GROUND IMPEDANCE WIRING
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B 11.36: SERIRILF—DAEEIZFHEE LY.
BN T HA DXL ERBTOREME

EMI RED-HD T > FEIRREMREEE

CCTlE, BB TRLEEL T U FEABRERDOLA T MMZIDOWNWT, —BRIERASA D FEEHLE
To VATLOERENELNTLESRRDIFEAEN, COBRBIZHY T3 . EESREBOMEELITTH
(. BHEWEIZHTEVATLOBEZHED, YATLANRNTIBHIRILF—OBRFELZEIZDONTD
LTIEEFEVET, TUDLFERZEYUICLATO T EEENGNE, BREVWELC DA TLPHEED
EMC RICEKET HZ &ITHY FT,

B 1136 [&. TV Y FEBERIZCEVWTERICEER/ 4 AAEKICHEESG LY., ABRHIASHHF LY T
AREEITRTRLEEDTY, CORIFTOAIIVEREFBLTWETN, RCLZEEEEETFOY
BROCEER7FAJEE. 7705 - TORIBRERBICHLERTEET, BRCORECHEELZYZES
BEFREBET D EICE 2T, MSBELUVRE/ 4 TEMSOBSOEECEALT, BETIvYavT
BREZMEZHZ =T Y FRIBERODLA 7D FREMNATREE LR Y FET,
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HEHZEWT/ A ADEBEZR/IRICHIZB=HIZEELKRA Y ME. ZTVH5—2 a3 o TERICHRER
BEELYLEELTTNARABFEALBNWIETYT, ELOHRHEN., BEOWZELEEFEFLWIELEEEZRT
WET, FEEAVATLAIZFNEEDEENDETHLTEH, BEOCYIDESHMEELYERL., BF
7O TDIESHESETTLYBL., B& DA IVN—4PFE A/D aVN—E2DIEFESHBLE
EZTVWET, BN S, EMI IZETERY ., MW EIFRVWI ETEHAL, L LATBENLIELD
T,

FERRITE\ FERRITE BEAD OR
BEAD -
v Y 10 - 33Q2 RESISTOR
cc N\ 7 //
—— YN
] \J

GND \

MICROPROCESSOR
OR OTHER HIGH-SPEED
CLOCKED CIRCUIT
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B 11.37: RO I 4 ILEA) VT EEEBSAUDE|IEAT EMI T3 v 3 VvaERBIERT S

B&E DA aN—RE AD aVNR—=EDELIE, TOPRALWAAETOAILEADOIL ENY BRI EILT
DY BFEIN S/ EE T, SNoDTNAA REGEFEDIzO, 2TV T - o0y ETOFILAR
X, HoWIEEOEREAK/ A X, #FLT Ilns ~3ns EVSHWNWTY yFIZSZEBELTLEVNE
T CODESIT, BET—F - AUN—FPF7UTIBEEIZ, v 4070wy, TOEIL-V5F
IL-Tatyvy, E—4— AMYFUT - LXal—4, EHEGEE. EREHSREENRESED
BER/ AXDERICE>TLENET, COKSHEET/NA RIZIX, EMURFI RT3 T HEEDZK
ZHEEBSIED=HIC, ABABTOIANLEZ) O ITNBELZIDIHDATLLEI, B 1137 IZFRT &
S0, ThAY TG - aVvTUoOHOERICINED I SA b - E—XZBET HE. BERSAVIZHIT
PEEE A XDREICERICHENTT, T5RETATAOBMERNAVDELRBRERTIE, EERSA >
LEBRZAVOmMAIZ. COEMEERT 2BENHY ET,

D/A AVN—ZDAAE® AD 2 N—FDHEAETIE, FEICESRIZEHETHITOFIESNIIY
DAVEREIEDINDT, INEFEBETIEHI2. TRENOTO2ILAEASBICNEOEBERP TS A
M E—XZAWAILEHEBOHLET,

VATLTEBEELELRY FS5LBROARKBKNEETERED, LAT7ILFEBDNIITSEOORDATY T
. 7V FEBRERERROBEICIE L THREIFTZ2ETT, CAIERB. y5O VKB, E5EB%
BEIFERTHEEFERLTUWET, EFETY U FEROLA T FTIEER, BOBER

11.38



R=9 P - YT - THSLY 7rOSERBERIZET S BEEDOSE
11.3: EMI/RFI B89 2 EEEIE

(VO SAvPaxy41E) o, MBEERYESIRTFTIOTORBRESHLTVET, BEAKER
(7FRITEIVTOLI) FERKREBENSHE LETNERY FEA, E5IC, CAD OBEESE
WMEAVWTLATYLETSBAICE, BISEREZLLAETAERY FEA, ELT, BEELGYES L
BBEY =17/ TRRT IDENHY FT,

B 11.38: MEDHRALH, BOAFELGLD ] TNAEES

BYICEEETSN-2E T o FERIE, MEERD 10 FLE. EMI BT Z#ERB L. RF EHAICHT S
AS2ZTAZALSERENTEEY, FRERTHE. | DDEZERZITISVF-TL—r&L
THEATEEIN. AEERDIT SV FBRIESORET AEMGETHMSNDZENELBYE
ERS

ZRERTEFLVERER. B 1138 DLIIEBTNNE—VEBREBEI SV FEOMEICEAZL I L
TYo COESIGESVE—FVRBI. EENE—VICEDERBITBVLEARBDODR M) vy T54 Uit
BMBEMRLET, NEI—VERNEERKESD) 24— ERODERIE, N2—VDELE, ETOT S
YU FBLEBERBICHEENET., 0O, BRKESET) V FERORABICEHALAD O, KEHE
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WES) O 12 LLEDIFE., TOERBORHESA VE—FOATRIRT S, t ¢ BELRT7IO—FELL
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Bl Z X, 100 MHz OBEKRHEHEIRBILIIEAY R 3.5ns [CHHB L., COEBINMEIRT AEEREN 7 4
VFEBADGEIL. EEBRRELTHRSDELHY T,

“ALL EMI PROBLEMS BEGIN AND END AT A CIRCUIT”

B |dentify critical, sensitive circuits

B Where appropriate, choose ICs no faster than needed
B Consider and implement sound PCB design

B Spend time on the initial layout (by hand, if necessary)
B Power supply decoupling (digital and analog circuits)
B High-speed digital and high-accuracy analog don't mix
B Beware of connectors for input / output circuits

B Test, evaluate, and correct early and often
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INCIDENT RAY
REFLECTED RAY \
TRANSMITTED
RAY
SHIELD
MATERIAL
ABSORPTIVE
REGION

Reprinted from EDN Magazine (January 20, 1994) © CAHNERS PUBLISHING COMPANY 1995, A Division of Reed Publishing USA

11.41: RETERINAY 2 DDEEL O—ILFDAH=X LA

=L FDERZFDBE

BT —ILFOHRICET HFZAAICONT, ERHNLTARERLET, SoITEHEMRERICONT

X, RIEEOREDSEXH 1. 3. 4 ZSHBLTLESLY,
O—ILRDEZAZHATAHIZIE. BEORER. FERFZIRYEDRE. ZLTEREREBAS (RE

. DEYHEE) COMDBEREZIEEITIVENHY FI, ARNIBEERIEVECATHELTLS
HE GEER. FLEFER) | EHFAOFEEIRERICE >TREFYVET, BABRIREERERN SRENT- &
CHIZHBBEE BAR. BHR) . BHAOKEIERERIZE >TREYET,
hEFRLERNSDOEEEN. HFRDRE W) & 21 TEI->F-RE, b5 M2 1 KYRWNMEE. EIR
FEERTHELTVEY, AREGEREROEESACNAIYRNMES, BIRTEARTEELTLE
ER

11.42



R=9 P - YT - THSLY 7rOSERBERIZET S BEEDOSE
11.3: EMI/RFI B89 2 EEEIE

BIZIE, 1ns D/SLR - TYDITKH>TRELHERIE, FEHOLEASK 350 MHz T9, 350 MHz @
EEDORRIIN 2 AVFTT (AEZH 2 AVF s £F53) . COFEEE 2 n THSERETH
5 4AVFT, INPEEREEARDEREGYET, EBERA 350 MHz DIHFERERERMNS 5 41 VFLA
IZHDBEIE. TORKBIIBEDEERTEEL TSI EIZHEYET, 5 1 VFLYEWERIZHDE
BlE. TORBIIHEDEARTEMEL TSI EVZET,

BWEDRFAICELT. BhERICIEZNIZMAMET 58S D E—F O ANHYEFT, COEEAE—F >
A&, THOEBEMARDEHNA DE—F VR EIFEIENFTETHA, ChIFER (ER) LR HFR) Otk
TROLNFET, BEARTIE. EREHMADOLIIERERDOEESN VE—F VR (KB Y E—F 2 R)
ERY, Z2,=377Q THEALONFET, AERTE., KM D E—F O RIHERERNFOUHEL . F&E
FENLDEEETREYET, BEREBFLISERMNDOEEE WXL L—T - FUoTFFOERERF VR
BE) DIFE. TOBEMRIIEANLZEMELGY ., BHA D E—F U XIE 377 Q KYEWMEZRLE
T, BEBRNREERMOEEE BIZAIE, OV R - FUTFTFOEETDAIL - A4AyFUJEELEE) @
BE. TOEHRIERNIIEMELY ., KBV E—F 2RI 377Q FYKXKELEEZRLET,

K 11.42: EAORAAERIE EMI OERRE L TRAE L., O—ILFOMRFELS

EEMOERZAVSE. COLSUNBBEHADEZICH L TRENGVVERE S —ILFTEERT, ¥
—ILRERDIERDHMEIX. ARTIHERICHLTHEA VE—FVRADIAIYFERLET, B
B, D—ILROEEA VE—4SF U ANART T IEHMARDEE A D E—F VAL YIEWN =TT, EEH
DI—ILFDOHMEIE. RD 2 DDBRICE>TRFYET, | 2HIE. P—ILFHMOLDORFIZEDA
FIHEROORXTY, 2 2O, ¥—IL FMASHE T 2HFTROBRNZLS0RXTY, COEZLHZE
B 1141 [TRLET ., REORDEIF, WEROBELREA VE—FRITKEFELEFT, LMLEDN
5, RINOXDEIIHEFRDERICEKFELEE A,

11.43



R=9 P - YT - THSLY 7rOSERBERIZET S BEEDOSE
11.3: EMI/RFI B89 2 EEEIE

BHENMEERTHOTHLEARTHP>TH, SHIZBERTHHRATEL, RIRORDERFRLTY,

2 DDEAEDRETORFORE, ZD 2 DOEEDF A VE—FVADETRFYET, ERDEG
Bk, REORAIHEROBRBE D —IL FMIZE>TRFEFYVET, CORXIE B TREh, XA TEH
AbNFET,

(e} N
Re(dB)=322+10kg10{ fg 2‘ %X 11.10
Hel ¥

ZCZT.

or= Y—IL FMOLLEER, BEHEIO—AVR A=
pur= —IL FHOLE#E, BEEAD)— A=
f= WERDE KR

r= BERERN SDER. BEALEA— ML

BADEBEEL. REOXED—IL EMEGETERORRBRICE >TRFYEY . HAORFARFIXRATE
AbNhET,

2
Rm(dB):14.6+1010g10rru Gr‘ ® 1111
r

Ffz, FEKR ¢>M2n) ORFORIRATEZNET,

o .
Rpw(dB)=168+1010g10[u:fJ ® 11.12

BUIRAR(E, >—ILEHMDONRZEL=56T 2 DODADZXLTY, BRIIZK DT RDOBEZIERA
TEZLNET,

A(dB)=3.34 t\opp,f ® 1113

CCT ot BY—ILFMDES T, BHRBRAVFTY, CORXF, ERBIVHANTERDSEICHR
TY., BT HIBHADEER. O—IL FMOESICH L THEBEBHMICHD T 50, BE—RERES
(8) HEYDLY—IL FAETORIAR(E 9 dB ITHYFET, RIROXFESICHFI L, RERSIZKR
BT EZDT, D=L FHMDESZRBT LEEVEARBTOY—IL MR ZRALSESZENTEEY,

EARIZETHFERORFORF, BREASHEBITONTEILEY, chiE, V—LFDS2E
—HB VR Zg PNEARBABLBEBITONTEMT 57-6HTT . —H. RIRORBFEARBAS < LESHIZDN
TEMLEY, ChiF, RERSHPEARRONTNELLBEE=HTY,

11.44



R=9 P - YT - THSLY 7rOSERBERIZET S BEEDOSE
11.3: EMI/RFI B89 2 EEEIE

BERNTEEDSE. P—ILRDELDADXALIIRFORTY, BVEKHKICH S ERIARAE(C
BYET, COLSBBEOHERTIEH. HCT7ILIZHADE S HEBROSVWVMHEZRAWNS E+0 4
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Shielding Effectiveness (dB) = 2010g10[%J #1114
C T,
A= ERDER
L= BOMOREKRTE

FOBORXTENUEROBRED 12 BRICELLHo1z2&ZF (U—ILFEHEMN 0dB &4 51
®) . AOSMAMA LD EMI M EFFRKICHEYFET, BIE T, HOBORKTEZHEETORED 1/20
KiFIZTTHE, 20 dB DU—IL FHIRNELONET, 612, MNSHEFAOENE. EROFREICEZHEITS
LY., MAEICKTE=ANDRNTY, Chld, BEL2EOMAOH8NSIEIERLLZARICIRILF—FMET
BDT., #HRELTU—ILFYEMETLAEVNZ EICLEYET, BEOSMOBETENEITOALGMESIC
F. EEHOHRT Y FPERRI)—2, BHEZBUICERAL T, FLEAL T, AOSORKTE
120 BERRBITHMA B ESICLBTRERY FRA, ¥—TIL, DA%, AR08, A0 —4,
AV A= X T PR EEXREZFERTHLEDICOVTIX., EEHOBRRIZEREY—IL FEHEMIZHE
BTBIREAHYET., D—ILFENRTWWEWST—TILPIAVYARLNLNE 7 T)r— 3 0Tl &
— I REERTHEFRICTAIIAEHATEHLEEZHEADOLET,

SHIELDED ENCLOSURE A SHIELDED ENCLOSURE B

>

FULLY SHIELDED ENCLOSURES CONNECTED BY FULLY
SHIELDED CABLE KEEP ALL INTERNAL CIRCUITS AND
SIGNAL LINES INSIDE THE SHIELD.

® TRANSITION REGION: 1/20 WAVELENGTH
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CAPACITIVE COUPLING CABLE SHIELD

TO CABLE GROUNDED AT LOAD
RECEIVER
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%ﬁ?ﬁ%‘:&ﬁ&fy & |
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B Diagnose before you fix

Ask yourself:
¢ What are the symptoms?
¢ What are the causes?
4 What are the constraints?
+ How will you know you have fixed it?

Use available models for EMI to identify source - path - victim

Start at low frequency and work up to high frequency

EMI doctor's bag of tricks:
4 Aluminum foil
+ Conductive tape
& Bulk ferrites
+ Power line filters
+ Signal filters
+ Resistors, capacitors, inductors, ferrites
+ Physical separation
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PASSIVE
OR
ACTIVE
SENSORS?

G1

SINGLE-ENDED OR

/ DIFFERENTIAL?

I
I
I
J

SHIELDED

aFx aff

MEASUREMENT
SYSTEM

™\ DC OR AC GROUND? S

ONE OR BOTH ENDS?

G2
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