1R T FEL B AR T T ROR

SR, HERCNVFZ KRG st i h LR E . 100MHz 2] | GHz Absids O dRw
W, ¥k, SAEREEMZARRIL, CUEN AN TR EEEE A, B A
B RAAL B

IE RGBT AT EA R AR, TR B S T, XX T
B B AL A, BRI ARG, WS AR AN I A O A
USSR 2 TR A4, AR Chigh skew rate) FUFE5 4 FEUIR
¥ (ringing). 4 (reflection). Hi#t (crosstalk) %, WREAH LT INERE,
T R P PRI R G I MR

AR IR RGO AR, fHE:

& HESEEAS (power distribution system) KIFEmW;
& (EEER AR SR BRI 5

& BPERIHHER;

& HETH.

1. B (Power Distribution)

T e FE AR A T v e B 1) 2 Rl A FL R TR 3 P 6% o FL YR A D) 24 DA 200 A1 Mg 75
(AR o IR g, R R —AMIKRE S I ERYR, R4S VCC A, R — M FF vee
A— T e —FEE 2R, BKOAX ARG, VOC whidhh.

FEL Y050 T D9 6% [V B e 43 O LB AR b B A 7 AR BRI 5 S Rt — ME S g . X A&
WV A2, KOS T, 5 5 RIS g F A 5, 52 Bt e 2 s
5 A AR e TAEfS AN
1. 1 BEFESEMEER BIR

1. 1. 1 PP

B e igt, L 2B 10 FI+5V B, 2 1C AT s o for & Ak
PEWEFS, TBA+5V HIEAEE RS 1C MHJEE L, JF HARFE5V A, HATXECREER
P, TR B HAR R — AN AR H I, e IBH T 00 O PHBTLRIE T FEiu ¥ i s 5 6 4 ity
P E—2 B, WSRO IR FHPTAR T IR 0 BHPUATEITR, BT I F0R X
ASEEARFC ST SRR PGS, AR AN EIARTT . BRARR R W L a s

(B L b psh—schrrai, ©RA P, BB, e, R R
KEIR. L b, FHPUR AL B B2 . DRk, WS Somse i .

WeUH I H bRt 2 AT e M8/ B 5 20 TE R 2% RO BELT . LY 20 TE 19X 4% 140 T 2 RT 20 DA st
#3. (power buses) FHLJEEIL (power planes). 1% HLYEE I E 2 NG 5 L PUES
PE, ASERR b, AEEN, BEaTLT.

1. 1. 2 HJER AT

PR L 7 R W 2 IR o R ARG el 2 AT A AT 5 (1045 F T (10 P %
Mo RIEIERGNE H DA B ZB A Z R Ak, Hh &GS ooihE
JIF I LR B A — e AL .

HUAREt, BT PCB N L L2 R MAREIL), 2 H &AMk %, HiEa
L HESERIEN—AZET, AP E SRR R, FRGEA N E SR 25, preld
PREk B E TR H AN R . XAl TR B — AN, XA AR/,
AR REREARR . RN 20 NS ikt b, B SARR 200mA
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RV, S THRE 4A. RS Z XA A A 0,125 Q, ™Az 0. 5V 1 JRFE,
gl 2 AR LR 2 AR s ) 2 PH A B A FBISURAT 4. BV x2S At o e 7 2.
13 A AN R 0 e ok IO, SO T S MG 2, T UL 7S 2 L R 2
A MEFZ.

1. 1. 3 ZREME RS (g

B LY RS ANRET B AU A et e 7 DXOR AT TR AR 0™ AR AL 8 5 1 1 [ e 7
ANE RO r Y 3 e 585 R i T AR P (R . TR T 2Rk L AR e
B, ECE AN TuF B 10uF (1 25 FL AR R N AL AR AL, BRI e 7, R
/> 0. 01uF £ 0. 1uF XA AAER EAE— AU IF IR AL, DERR =g . DA
JEBI H )2 ZEPEER B A IR ATy, T DAAHRUE B R A (K A o g ml
Sc b AR, OSBRI ASEL 45 B A K P AR

FUART AU 3. a T, 18] 3. b A SRR AN ALt . B TR AES B Ak
RAE HL 7R LA B rJ, BT ARR 2 S5 24 A B P (BSRD ANSS R IEC L (ERLD o JXFF
RIS R Bt it A R B IR HL I, IR AR

1

o= iie

W 4. a |, SR ALEIR T FR (SR R ME, T7ER T PR 855 L0 2 B
Ve, BT A G — AN IR 5%, TR — Ml (LS pEsss. —A> 10uF 3546
L FEL YN 11 A 0 2 0 P A0 e PR P, o R S — B T R
B TAPR, 43 AN G 5 R A B . (LB 775D, SR RERI 45K v i T 1 BSL
K, FR/ANT IMHz. ‘EXFT 50Hz [P0 2 — AR AP RS 2%, EXF LOOMHz (1) s AR 5%
B 7 ) — S R

FACH SR A ESL 2 phy AR 45 KR BRI B 1, T AN e o T e
SR A g AR 2 DR S 58 0 B A0 1 ) A 6 R 2T I o 5 A0k 1 ) 2K 8 v 2 (O BEL U 7
f&F FR AT Lo/ N R A SA E /NPT, (HET FR, ESL ¥E T KA S
HAAX . Gl 4.0 R, i nhIaE 0, RS A E N ESL L2

HATIFRR L, SN TARRSZERN G, £ 1 51T LA R . % ESL 11
WL 2 P R LR 1, 8 (A R L/ . S S K I Hh 2 A
W VAT S LF IR, [T 6 JLAE T 0. 01uF C0G 2285 0. 1uF (115 — S A (RS e vk,
S A S 0 A e e 1

Table 1. Bypass Capacitor Groups

Type Range of Interest Application

Commonly used at power-supply
connection on board.

Electrolytic 1 pF to = 20 puF

Used as bypass capacitor at the
chip. Also often placed in parallel
Glass-Encapsulated Ceramic 0.01 pF to 0.1 pF with electrolytic to widen the
filter bandwidth and increase the
rejection band.

Primarily used at the chip. Also
Ceramic-Chip 0.01 uF to 0.1 puF useful where low profile is
important.

Bypass for noise-sensitive
devices. Often used in parallel
with another ceramic chip to
increase rejection band.

ARA— b A A AT BRI ROV, M0/ RS RE 7 , AT m Aige s
FITLA, 6 B FH AN R A 282 1) o 2 IR IS 380 B 5 P Moy e (B 712oR i, mir gy

QG < 0.1 pF
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FEIEH N T S AR Y
1. 1. 4 ZHEEFIE

AR LIS, B TR AL s L, [EL 8. a I h— Bl v 11 o A e 2%
(RRAETRCE, IXRE LR AL, JEAR RS L A 2 m e b Ve B (8. bk vk,
Y LA S G R w2 — U L, OB E TE I ST

XF-Z2A~ VCC F GND 28,  Gnfel SRAF e i 1 AR, R T8 FA S, it vee
1 GND 76 PO E B E— 2 T, WML Te skt —A Voo 48, 0, staExtdg—A vee 2
W o Bl 5 BESSR BR3P i o
1. 2 EYESEMEVE NS S

PV A C 0 £ 10— A B A BB E R T 5, B R is S, R
B[ 2 EE T 307 T FEE A Y VT LAY B AR 22 7 7 e

1. 2. 1 {55 rErE

T I (7 A R 7 A M AR . AT S BTG, A —
ASERRL, TR T E AN (K9, a B 9. b |EUR TS S i nl k. 155l vy
i VCC B bR (i, X418 9.a A1 9.b AIE5ERCH K 9. co

SR S B E R A IR, XA R PR A I R, T AR LA
B AR XS SR B, SR, R R BT R 1)
23 W PR A B TR T B . BT, B MUERBSTIAR, KM i T HL AR B 51
FRHIRE . Bk, WS .

AT IR AR I B A E S, B — BB Nl . BLPTELERS FBH. AR
MR, 4R A AR N B, B PR AR, J N B I stk A
Ik 10 [ % .

WA A SF B A S TR RIS, AR — 5 a2 T I 4% [ 6 1 BELC 05 0 «
arllE 10 T e R A2 55 0 1 2 IR P B T 8. T DA R 1% B 1
2 ([ 2 AT B NI PG, B BN B, BB B R Il A R, BT
(IR B TR AR AR BN o B — 5 T AR AL RE 5 B Rl B . (R —Loop, [l f——
Return Path,)

1. 2. 2 FEA SR 1 b L T e g 2

B 2.a FORIOHEREA %, (551005 UG Xg s, RMRAR
AL 2. B AT IS S A A L P RESE I R, UM TS S T, T AR 2
Y TR IO =R=A Il M VA NIl

M7 L AR B A, AN BRI S F TR i P A, SR, [T 3 B W 25 BEL L /AN
A, MU BT s VRN R R G AN T IR T %

JRUE LR AR L MR VF 2 (A, ELSOPE A AR AT R BT R . R 1 L 1
FEIV A B DB 5 LT B R, M A, L. B gz b T
O, RN
1. 3 EELYE AT TR 2% 1 A L AR 35 -390 )

TR £ PR AR R ) T L B VTR P P e A, G it

& EER RGBT OISR AL . AL R L T

DR s 1) 45 AL I, T e e G AR 2 A B S i B 2 S BRI R R L,

AR a R B, ] 12] FiR, 104 AN IR A S o B, Fh U

B UF O, XEAZE TS S, a1 S I B g B IE i, [l g A

SRR T, IF XS S X — Bk, ASEBRPR S S

& EBRSTEERGLIMG. (55 Rk R R RS TE R R e,

3127
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U5 5 A CHOL I, i HAE S 5 S R B AU T LARE N, gt A
=5 5T WK 13 Fros, 13.c Bk 13.a #1113, b, S2HiF it

& BRI SBFRERAEFEENSTT, WK 14 Fim. L soF— o H w10 s
S, P LAVR B PRI P P B AR b R AL P U B R I, R IO AR
—ild o AT H B AR £ FE B TR 1 DAC B ADC, AR5 5 AR FOU RN £ A 8
g IXI AT DAEAS 5 B BRAL JECE — 2% (Rl i DA N IR B T AN, ] 14,

& BASTTHHRBAEARKNZEZ MES. M0 RE W% AR aT %,

& [REBURTTH. A Leouth TR I URE, W PLL, B ANELFMIRGE. 7RI
EZVh—A U JEMBR A, BEUBon R E AL, IXRE, A L REE U B
R, ST UK. (A — AR, I SRUR T AE S S L BE A U
TERGIFT DAL E R B, e fF 5 MBS R it . ikl 15 Jios.

& HfFS8RN EMERIEL. A& 2 PR EE SOk, XA AR
MU YRR . O S MEAE S PR AN, T R YRR AR AR 5 2l Eok ST YR
ANEERE il 16 iR

2. IE5 1% (Transmission Line)

PEME 5 4o 5 AT UL 18] B 50 AR AT T A5 5 S e B BELTT S5 /I AR A 1 DAy [ i 0 U )
MR IS 5 4 ERIBRGT — AT HOR S I M s S o BTN W85 5 2y
PP, B AR EAE SR e St o B . (LA BB R AR AR, B s
LR ur PR, FrA$E DR SCUn . Controlling the relationship between the signal line
and AC ground takes advantage of the return signal’s tendency to take the path of
least impedance. Another advantage is the constant impedance along the signal line.
Such signal lines are called controlled—impedance limes, and they provide the best
medium for signal transmission on the board.

SR, 2495 5 (BN A] (Delay) 12 K J{5 B4R 8] (Transition Time) I, fF 5%k
WA I . — AN B ik A S A Sy e A R, S EUE SR, R
PR, MTRGEHEANE, WK 17 Pron. X0 REA RGN FPEEL, FRAARIER T
(=

PHTZ LA an ] 18 Fra. LS Lo MTHLES Co A M A fe 2k b, AT A A
PR AL BERE L/ AT A RE o IR R DI BN HE IS4 BB 7, AL
IBITA] tppgo AE— NG L L, Zo & DACWMMEPL, X TS HERE, i1

aififH, fr2Q, JFH:
-
G

A IR I ) [ E 1 L A1 Cos BT A IR B) A/ BRAT K B, L

tPDO = VLO CO

2. 1 tEHgkI R

X B PCB Beit, SRR IR fsk: HPIRZE (stripline) AU
2 (microstrip), WA 19 Pron. APIRERIRE TLRIAEWNDBIZ 20, HIE EEsehdr
WAtdmfE S, DOV ILEAT BRI bRk, (FIRANSE, Bk T LR AE N, AR T
Ao B R S EAESNZ, MRS SEIN 014, XAt 5+ I
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Lov Con Zo ATty A2 HIE 5 ER M BLRFPEAT F AR FURFPEDRE 1R, R TR A -

60 In 4k a

Ly =
AVE & 0.67:-'rw(0.8 + I—]

H

=1.017 /g ns / fi

I‘_PDD

¢, =1000 L2200 pp ) g

0

L.=70C.pHIf

X 2 -
_ a7 In 598k
Vldl+g, 08w+t

Zo

Fopg = 10170457 & +0.67ns/ ft

4
(7, = 1000 ?prﬁ

a

Lu:ZDECuPH’{ﬁ

e p A HLERAR A AR A FHE R, Rl (0 R A2 T BB £ A AR A H B e K2
50 PCB MR HER ) 1 #w] Coz) W PCB MM 48 )25 EZ10h 1 mil. {55400
el 8 F 15 mils, WAUE R 10 mils. JZN)EEES b TSR AR R 5 EBRE .
TR k. 2% w = 10 mils, Z8)5 t = 1 mil, EMFE h = 30 mils, NFAHXAHLH
e, =5 ManfitEH: Z, = 102.8Q, ty, = 1.75 ns/ft, C, = 17.0 pF/ft, L, = 180
ul/ Tt

B — MR BT AT, AR X 28 4 2R — e 28 50K T Sk I, ] LA )
W S AR M B P XA A ] Bl www.2lic.com ) TP LA T4, 85
youngpeng@]163.netlf & .

2. 2 SrAuSh BRI S IR

TR R 2 R BT TR A N A AR e 1 R w4 B AR R A BN S G ([
21), MR B (i 22), G 5 1 G i # A — L AR R E D
XL AR A fEAR Lk b, JFIINZR Y, IXFEEL U T AR R IES ST Z,
FULEIEIR IS TH] topgo DRSS IIRHAT Z FIALAAEIRIN A] tp) AT EH Zow topo FMIABCRZE C (H
P A/ ALK 15

527
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2. 3 R4t

E5 AR REIE S, BABEIUN 7, ’ifkind, REAmEHEMA—/ HEE,
HEHNEFEE, F5HERELIED FEFHEHTITRK.

A 5 905 1) 7 28 1) e K e AR i ok AR BH TS TR B BT, W R B A S, Al
G R B, IR SO S SR, AF S R T AR A NI AR A F M
b IR, SRS SR UM T LS AR SO S A S I S . RS E
AFE, BT S BH T  51 BPH TR R O 0 S A5 Bk AR I 1F] (transition time) 5fRH%E
IBWA] (propagation delay) LG tp/tppo

T SR AR IS R) 228 K A 4 G AR INF IR, A5 5 R [R5 55N, A5 U i e o — R
s PTRARIEE 5 Rg AN NS, e 8im L3 /NNl

WAL IR N TR 2 08K, DL Y ROHE Sl [E S0, &S oass 7
W&, M, 55 ORIt M2, 1 87 8 )RS 58— e Ask,
XEERL - AEPTIE IR (ringing), WK 17 Frox.

ok R 8 R A A T 4 A B e L A A, T 380 A i SR I () 8 T AR I ) B, sk
PRI R 25 AR 5 BB AR B — K

T AR B RT DL AR R RIS, 5 Sl M it s . AU S L, S
FHR G AL R, I TS TR AR o TR A A R AR I TR] /N 1A i S
IRISTE A 4 fi5mF, B ty/ © <4 I, (5588 G idkmde. iR~y — a0 WA 2Bk AZ I A
AINT 8 AR IAL IR IS TN, (5 T8k A b sk . WA, t/ v FEBOR, BRIKE S
Pik=v /i

FHUt, AT LT b0 B e B 4 7 2 KA FE I e oA AR e . H il 2 2
BRARESTR] t o Bns (M) 2 Ins CHIIXUM. CMOS), 3 2 45 T/EBRARI[H] t, = 4 © i
IR 5 e K o

Table 2 Tp
Example: tg and Corresponding Transmission-Line Length for — ~ 4
tp (ns) Line Length (inch)
i1 8.6
4 6.9
3 5.1
2 34
1 L7

XHFBEARIN A 5ns (AR 54, KN T 8.6 SN, AIte B L.
Mo T e ft, HRNA 2 RRNME S, WaTate ek, Eid, W
PERIITAT G 5 e A A AR Lk

Table 3
Example: tg and Corresponding Transmission-Line Length
with Lumped and Distributed Loads
for T,
e

Line Length (inch)

Lumped Load Distributed Load

8.6 36

2.1 2.17

]
3
2 34 1.4
1

1.7 0.75
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WA W B B THE R Ak, IR At e MCES TN, K 3 4
H T A S AN R A AN AR AR TR ¢, = 4 1 IS S K.
2. 4 RETHITE

TR K R K I AR ek, AR I SO S R/ NI FAR e BT 7,
S0P 2, 2N MG S 5 RE S I, RO RO R K, B

2.7
KR_ L+ -
YARYA
JIr LK T SR8 T 4% (1) A5 4 4 A7
A
KR—oo+ : !
Z,
X T AR B A
0-7
KR:0+ 0:_1
Z o

W2 U, PETT B, 15 5 SN ] & o R I SRRl 2 A S s ml ) (K
=1,

PCB I, RS fhiih Ak imek 5 73k i KRR AL, 7, MMLAME Yy 30~150Q, #efFfn
ANBPTHE RS APt A 10K (AU ~100KQ (CMOS), %t BHATIAR /N, b
41 PALCELI6VS HIRHL-P4H (0. 2V 24mA) BHtHBHPTRL N 8 Q, - P FHHT 2y h 50
Q (57,44,

dn-—BHAT A 67 Q Ik 4:, UL PALCE16VS [t 15 50, CMOS #4h 13k, T
R 5 M s BN 1 AR A

B HBHY: Zo &~ V. /I, = 0.2V/24mA = 8.3Q

R BAET, BI OMOS FRi% APHFTZI A 100K Q , 16 A T-Usifdy th BELE, T LAAE 97283 1 e
W BB K A Lo T/ i TR A e bl (a4 HA o {5 (0 S R 8

Kgs = (8.3-67)/(8.3+67) = -0.78

P — ARG, WEE 3.5V ABF 0.2V MRS, iU BT S AR R LR

J—N4r K, PrLhAE PALCE16VS i Hh i fS 21 A2 Hifs 5

AV = (0.2-3.5)%Zy/ (Zyt Zs) = (0.2-3.5)%50/(50+ 8.3) = -2.84V
URSCHEATE, 2Nk 67Q, AR 50Q, X TAEBUE SR 5, EXAEFIE, LA
FUHEAB TR R, AR RAER IE

7E GALCE16V8 [)# v A i 5 : Vg, = 3.5V-2.84V = 0. 66V

AV BRGNS, AR, RE T Ve b2, 84V RIS JEOR IR LR A
3.5V, N ERIARAV (-2.84V) MIRHIMES (-2.84V), iz i AR A :

V., = 3.5V-2.84V-2.84V = -2. 19V
R SRR i, R ARG, RO R K = 0. 78, XA IR RAHE T
Vep = Vi % Kpg = 2.21V
X A S S Ve, = 0.66V-2.84V + 2.21V = 0. 035V
S T RRAHE 5 SOk [ B A 8, X N A A8 L A -
Vi, = —2.19V + 2.21V + 2,21V = 2. 24V

5 AIR, AR, 5 9ukss—2, WK 23 P, FFEERNE ERERR,
Wil 25 o R, 2l 5 MRk G, EEn i EFERCTMA IR . e
IR ) —fA 2ns/ £t 2 bns/ft, RWIHL tpy k) 3ns/ft, LKA 6 Je sl ih, Ltk iRy
[0 1. 5ns, ABALEME TEE 13 5ns 2 Ji, 78St il LS 2 IEf A5 E 5

727
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2. 5 Wik

EBR IR B TR B ARG AE KK T, P AT B R EAKN B, DI/ hX
ANESS e TR 277, W, AR ER, P AR DU AE S 48 0m I 15— FL BRI/ 972
BRPTE] 7,=7 LA BR 2R IR SRS ——3 b 5 ik A R I 42 ot w] AT o A s o 0>
FEL BELOR I NI FH TR Z4=7, LA BR 5 — U ——IX P 5 EA Rk O A I 4%

JFBe sl 25.a P, BTSRRI M, FrELER AL R=Z,0 XFITEA
ARG P I R RV RE RO . T 50 Q i, BRI AEZ A 48mA IR,
TR TR ZHA AR P A 3. 2mA, IXAR AR, XM USVEE T AT RE SRR
o FEIFHR AR VCC s E M, PR A1 ARG r B A P 0T e 0 v T
ey PR L, AR, KBRS T R PR 24mA BEAN, XA IA A F
X (1 EEK

WP 25. b Fros i) 532 n] PR Ko ot LR >R o A FLBEL AR 384 T 5520 15 ] 25. a
—E VR MR AR, (B ORI R, B XA r R
AL VCC S Z Al B 25. ¢ Jronifsdk, AR IR B sm e AE A~ 3V 21 2. 5V [ i I
s AR, ARGEAR, AR B A RE s AR AR A 4 i Y LD RS R A
T

CAE =Fh I B AN S o 30T MhOFIB 0k, e 25. d PR, AN IR
RC Mg At IF 4%, Horb Ri=Z, HIZ¥O4 100pF AEdl, bl EifAEE:, wluEH
SR R BHAR A SRR Tt OK Bl R, AN LI T o XM 5T AR AT
F IR 4% o

A G 3 s P i 42 e v T RS S IR SR O o AT AN BR B IR 5 A ——H3 ik
Siidk, o AE R s A B, XA AT YRR, IXRE AL T LSS N
PRILE] Ri+Zs=Zo DATHBREE — X o Al 25. e Prose IR0 A B 0 TARRHRES -
HIF RetZs=Zos FTUA Ryt Zs 5 Zo (00 FRAEOAR IO BRI 2 I 5 AR 2 a8t 5 (i
BHPURLD Boe e, REHMESHE S 8E —R)E, fF5 KNG, sisiieE
TRANRET o XA AT A S OB RIE Bl AT e AR Bl B . SORHE TR
120 I, B Rt Zs=Z, MUAsE At , ANFRACESE U . WilE 26 AN 27 Fror.

N AT DRI, IR RSO MRS R I, DDA SRR ANEA L A 4 )
Ay, R AT LA R LRV E AT SO AR T IR Ml s e TR BR . R s s 5
FHINREIR , DA D JUAT 2 dee S Ayt s RS S A9 21— AN R AN, XS54 g
HATR . AEPOHAETIRIG,  fedeil i A ARG XA E IR Pl S B 44
AR B LR, DR A 0 A Sl s T ARSI BT Zo, 8N T SEIR NI tpp

SRUEAIRRAGR, A IR b A R N £ DRAM [ 3K2) F, FE524 DRAM 3 A/t
flefid LI o SIEPE GG Ry KI5 25 A\ I E B AL 1 FESE RSN K TSR R fE R
JiT LT 3 KB 2R 1K) Zg AL LE Zo /0, DM GG 1 Ry

PN S AN T RETA B 8 42 ULRE, Bt BAAT R AR RS . A RIS (R IME T8
BN, FEAS A Al S, JRBAT N SR AR 2 1 m A R

M HE N DL A S P AN T RERR DR by S sl 4% £ vt P~ b BHL TN F~F- A £ BHL
Pl ZEom o IXAL Ao 4 A FEL AR IR PR ARARARAE, DR AN T REAT XS T PR G DL AR BEAR )
SRR, B TR
2. 6t HIAT SN

BHPTS A5 5 2ot (i 5 A8 BB AR EAR S I S IE B Ar, 538 A R 0 DR 5 55 1T
Ptk (EATSERAT AT BE IR ANIE 4 AT £k 3 BUROC MR 7 o T (10 A7 2 A0 U m] 484 5 Fb s AR 11 7
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o>
[aYay

& AL I HPTAESE N . BHPIANIES: UM AR R, I E A, 1AL

5, R AEETIRSS, PTUAN R AR . ATEINNERILL LA

Lo BESUELEY, W 28.a. AR E LMW LUE A 28. b s
IMEIE, BCEFIGTRAES . ROnT LARERLA] 45 JEAMmEL, Bk, Wik 28. ¢
F28.d iow.

2. Rarae b AL, oA AL ASBHPIANESL . WilE 29 B,

3. SMNEMESE AN, WENES @ RERISNE. BOYAEE S&E T
HOREE,  MANE(E TR TRk, PR AS R SR (AR S 2 (¥ B AN R 1
WERAE S NN ZZISNZ, BMANZ RN, e A T

& NEUNELL . ARG W 30.a ASFEMIATLL, IXLUH LM Y, WL pE

SRR, M, A& AR il LL T, RV 7040 I BRI T 1k

FIRHDT. WIRPEL LW KN, o4 Ak ik, B L A A I, AR

PR, UM IR 2% . BT LANGRE S 1ALk, AT Wikl 30. b P

FoBER, JFAE AR E N AR i A A i 2

3. Bk

RS TR BA KRS, RV RAURIE B, R R B B
FMERPRA 2. SR nT DLt —SE i B R 2ok A Rt A
3. 1 Atk

ARG T LM ARG, A6 5444e € K8 FREA BT ek d.
Wik 31 Pros PRI 4k, 43l BR o g A R e lie 2k . il TR I 2 AR FEL A, e R
bR RS o i ARV E NI TE SR B A R b feAR A b, IR AN MR U
AP A 2o, EOR IR PRI, ERV ST AL b A o R AR E & Z,
YOE R M mkebiE 2 f Zo i, AR R S HHPUSE L. R FHBTA LA, K
Ao AEBAEENTEOLS, A6 Z) PP AR R ARIERIE AR R BT LAAE SR 3 i 4 T LAOK
KRBT A4 N\ i () LS I8 75

FaS etk 7 R B T BUR AT ERS TS %) b R Q5 4 N AR 6/ S T 3a N SR . 7 N o8
RN o FLERARCR S (AT R, ANATRERHE 54 70 TR IE . I0fT — ANk an&l 32 o,
JRUCE AR AR P AH AR AE S Ze i rh Al mT LA Rk N E R . UG 5 AN S 2
g b1, MARMBRE T, FR XL S AU I b . a0 AN A Hb 2 1 P v
BRI G, XA A B T, A T AR, IXAR HRZR JIEE 1/4 M 1
PRI — A AL R )2 . A N E S B S I E s AR 3K L =velsperiod=1/t,, *
1/fmax. X THAGES, SO EIBERCRE T NN 1/ (1t . BLt=1. 25ns K,

fmax=1/( m*1. 25ns) =255MHz .
PL tpy=4. 14ns/ft A, (in——2es))
AM=1/(4. 14ns/ft) * 1/255MHz * 12in/ft = 11.4in
A/4 = 2.8in

3. 2 BB

S ER T DA G AT 5 E— AN B N AR IR s Wik e (A&, il 33,
AR AR SEU1 A FLEE AR A5 5 IR RS o IX AN FREE R B8 1A R I 8 201 = AR N
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Figure 1. The Power Source a.) Ideal Representation:
b.) More Realistic Representation

Bl RUERERT SR 1) &

fmemml lemmml lemumi

i i i ]
R FRER R

wioiu

n) b}

Figure 2. Power Distributions System. a) Power Buses; b} Power Planes 12/27



e LB AR BT R

a)
o — T | AR A
B)
Figure 3. a)ldeal Representation of a Capacitor

b) Parasitic Components added to Emulate
Real Condition
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Figure 4. a) Capacitor Impedance Versus Frequency;
b) the Effect of Lowering Capacitance While Using the Same Type of Construction (Constant ESL)

Figure 5. Internal Construction of a Large (> uF) Capacitor
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Figure 6. Frequency Response of X7R and C0G Type Construction 1327
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Figure 7. Frequency Response of Two Capacitors in Parallel
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Figure 8. a) Typical Placement of Bypass Capacitors;
b) Preferred Placement of Bypass Capacitors
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Figure 9. Current Loop of a Signal on the Board.
a) Threugh V; b) Through Ground; c) The Equivalent AC Path
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Figure 10. Inductance Increases as the Signal and Return Path are Separated
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Figure 11. The Increase in Loop Size Due to a Break in the Power Plane

Figure 12. Common Paths of Signal Return Due to Vias
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Figure 13. Connector Configuration. a} Insufficient Grounds; b) Enough Grounds but Grounds lumped
Together Resulting in Larger Current Loops; ¢) Grounds Evenly Distributed Among Signal Lines
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Figure 14. Jumper Between Analog- and Digital-Power Planes for Signal-Return Path
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Figure 15. Isolation of Noise Sensitive Components
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Figure 16. Providing the Optimum Signal-Return Path with a Bus-Power Distribution System
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Figure 17. Reflections on a Signal Line a) at the Driver; b) at the Load
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Figure 18. Transmission Line
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Figure 19. Signal Line Construction on a Circuit Board. a) Stripline; b) Microstrip
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Figure 20. Transmission Line with a Lumped Load
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Figure 21.
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Figure 22.
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Figure 23. Lattice Diagram Representation of a Reflected Signal

Transmission Line with a Distributed Load
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Figure 24. Time Representation of a Reflected Signal; a) at the Source b) at the Load
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Figure 25. a) Parallel Termination; b) Thévenin Equivalent;
c} Active Termination; d)Series Capacitor; e)Series Termination
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Figure 26. a) Series Termination;

b)

b} Voltage Divider formed by Series Termination
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Figure 27. a) Signal at Source; b} Signal at Load end
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16356C-28
Figure 28. Reducing Discontinuity. a) Corner on PC Board Trace which Causes Discontinuity; Solved:
b} by Shaving the Edge; c) by 45° Corner; d) by Using Curves
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Figure 28. Excessive Mumber of Vias; b} Preferred Solution
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Figure 30. a) Stubs off of Transmission Line; b} Preferred Solutions
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Figure 31. a) Capacitive Crosstalk; b) Equivalent Circuit; ¢} Solution
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Figure 32. Isolating Traces with a Ground Trace
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Figure 33. a) Inductive Crosstalk; b) Transformer Equivalent
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Figure 34. a) Artificial Loops; b) Schematic Equivalent; ¢} Solution
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Figure 35. a) Artificial Loops; b} Schematic Equivalent; c) Solution
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Figure 36. Series Inductive Loop
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Figure 37. Line-Noise Filters. a) Capacitor; b) LC Filter; c) Pl Filter; d) T Filter
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Figure 38. a) Ferrite Bead; b) Ferrite Clamp

Figure 39. Ferrite Filter Equivalent Circuit
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Figure 40. Frequency Response of Ferrite Filter
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Figure 41. a) Single Pulse: b) Fourier Transform of Pulse
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