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Sumarry

The driving force for growth of the electronics industry is to improve the performance-to-cost
ratio of electronics products. Especially, the reduction of the cost for solving electromagnetic
interference (EMI) problems has been a predominant factor for competitiveness of the products.
This thesis describes original research achievements about suppressing EMI in system packages
that include printed circuit boards and LSI packages of electronics products. Almost all EMI
problems can be explained by the combination of (1) noise sources, (2) coupling path and (3)
antenna or receivers. From this point of view, this research has focused on the coupling path,
because the author finds that isolation techniques at the coupling path are the most cost-effective
approaches. The research has clarified the most significant four EMI mechanisms of system
packages and has established the design guidelines for suppressing EMI.

At first, new decoupling circuits for suppressing strong radiations of printed circuit boards
have been presented. These circuits are pi-type filters consisting of two capacitors and one
power trace. The circuits effectively suppress the radiations due to the resonance of the power
distribution network up to 1 GHz. Second, signal layout design techniques for suppressing
common-mode (CM) radiations of printed circuit boards have been presented. The original
evaluation technique focusing on observation planes of the radiations enables us to completely
separate CM radiations from all radiations including differential-mode (DM) radiations. The
relationships between CM radiations and the signal layout are found out for the first time by this
technique. Third, layout design techniques of RF/digital mixed-signal package embedding
passives components in the package substrate have been presented. This research finds that a
slightly small slot on the power plane against an embedded capacitor becomes a coupling path
from a digital circuit to the capacitor of a LNA. Fourth, design techniques of analog/digital
mixed-signal system-in-package (SiP) have been presented. The chip-stacked SiPs consisting of
a sound source LSI and a power amplifier LSI are designed, fabricated and measured. The
measurement results demonstrate that signal-to-noise ratio of the sound source LSI depends on
designs of the SiPs. Finally, this thesis shows design guidelines and future research directions
for suppressing EMI of system packages.

The achievements have already applied to many product designs for terminating EMI

problems.
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Fig.1-1 Price trend of Liquid Crystal Display (LCD) TV.
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Fig.1-2 Relationships between the layer structure of printed circuit board and EMI.
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Fig.1-3 An example of measurement setup and measured results for emissions.
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Fig. 1-5 Conventional approaches for solving emissions and EMI.
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[ZORNDE N r—VERE 1T —7ERE 2B Py MERE LEHAED
WAELHOLIL TS, RgL LBl kHz fik Th 5.

FOETIE, Mims LT, VAT ANy r—VOER /) A X3 58T
DI EHE 2R L, A% OB L HINBHBE O Ttz rm LT 5.
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A DFGEEREIECARTERRIE T/ A Rz nli+ 2] 2 EIFIREZEWZ. X 1-10
\ZEEWE ) A XDFEERA T = X L & AR FE DR OBk 2 -3, &G/
A AREE R T 2121, BT 7 a—Foftlc, /A XPRE72D LSI DAL
v F T ) A RERRESE D FIESR, T o T T OB hRELT S5 5L,
ZAEEI D ) A XM E @O D HEBEZEZ NS, TOHT, HEERKECHRE
PRI AE H LIz, 77U & Ml EBGE S ORSFHA B O WFFERH 7 [1.12] %
WUT, MEREOEIEREIC U CEBAHEGR M ER GO E 2 7 %
AT TCER A ANy ha— L TXA2 L, SIS, T3 Tx
52kl BIZE XX, ENRTRT, RIS, E A X2|RBTED22 L
ZRHLTWE=0THS.

JARXE EEE FoTF 2 E @R
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DikT7T JAYvE DAG
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Fig.1-10 Relationships between the EMI mechanisms and these suppression

approaches.
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H2E BIFCRICER Y 2 BRI O REGE AT

AWFFETIE, 7V v MEIREROEFRILIRIZ X 5 RO ERUH 2K 5 72
DOFIIREIRT 1y 7Y 7l EBEZZ L. $71T, QFP (Quad Flat Package)
REDY—=RTZVL—=LZATO LSI Ny =Y%M L, K2 X FEROR
WY AT AT O T Y v MR L, K2 A N CEM 2R TE S
B TH D,

ATy 7V TREIZ2O0F ¥ /v & 1 AROEFREARIC L > THER S
NoaM7 g a2zl L, MREZEZTEROERSRE, /A AERES
5 LSI OFBEPFARNLIRNBECEX D, 22T, AILERECHR IR SRR
HERICHKO &, B CRIEE T 5 RIRFERE (2 2 TiX 1 GHz) O 1/4 3%
FORESICHGF L, BEFREMROFEA v E—F 0 A%, RERETOTFEA
IR AEBRB Ly XU 2D E—=F 2D 3 fFLLEICERETS. &
DA OFEARRER ZIRE L, LI, EHEOBFS 4247 5 QFP AT, hd
ﬁﬁ%%%%%%b<@ﬁiéﬁ@#%,M%k?é%?ﬂv&ﬁ%Wﬁbt
7P R 2 TR R LTV D, REIEDS LSI OFEFFR E 7Y o R EER O
BIRFR & DT, BRAA v F o7 )4 A& K CHBECE 52 L%, MK

BIRROA L E—F U ADFHAEMKRES S T A =X OWUERREHNTRLT
W54, F7o, 208 B2 QFP @ LSI Z 524& U 72 BRI AR B 2 L 72 83/ 217
VN, WEROEIRT J1 > 7Y 7 IR RER AT TR TTE 5 2 &
EHERL TS,

21 FANE

%27 ) o MEREEER TlE, RN OEIRRMN IC 0 LSI DEJR A A v F
T AR L THRWEMBRZFEEZ T ENMoN TS, BIFRZHE
BT AEIR S L — ST R L= DT MR Tldx v 22L& LT
@< bOD, FEWNE TITWATERO LRERECIIR T 7 & LT, LSI
DAA > F T ) A RN ZOHIRERSCHIET T F 2R+ 5Z2 &2k - T,
Z OEBBENIA T A[2.1]. K 2-1 X OB O S EHPA LK TH S.
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|
|
A
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LSI ! Distribution /V
: Network
o ®oN) |V
Y
Ground

Source == ! | == Resonator

Fig.2-1 Concept of radiated emissions from PDN of a PCB.
4 2-1  EEAREENR R O ERGHU A a7 B

X 2-1 Tl SN D BRI D A T = X L5, BRI ORI IEZ, /A
APRTH D LSIEPFHR T/ A A& MR He%EE, LSI—HEBRE T/ A X &5k
RVVEREE, FERERGR CTHIERIEK O Q fE (Quality Factor) '?3 ?}&7/7")‘0)/?5(
S E TP 28 FD 3DICKRELS pHETE S, FHHIC % FERE U DR
ﬁﬁ%p%mmﬁﬁﬂgik%t.W%*&%@ﬁ%i[&%%ﬁﬁf,ml
DBEWR—7 7 RFMCE T I v 7 OF v 7 H ¥y XU X 28T 5 HETH
L. ZOF xS LS OBEICSE R 4 LS EIER ICH T 5 & Ak
2, BR—7 7 NimfEoA =20 2% K< T 52 LT LSI OFEJRAA
v F T I)ARXEWRN (THy TV 7)) L, EREFRRICEESER2W L
FHBELTWD. LML, RFETIEEBBEA RN+ TE RN LD
[2.6], 2 2-1ZRT &9 7eflix ORBHENHR S TET-.

EFNT, LSITF v FRLSI Ny r— YV OERZ{THOT, £z, 7V v MalgE
WO BIRICH MG EE 2 2 WD Z & 672K, KX b CEM %
HEWNIRI T 2 FiEE et L2 2 0fERE LT, V—F7 L —2E28HLE
WHIC TIZ, 22o0F v X ¥ X0 & &1 RKOEREKR CTHER L2 ERT
v ) TR EBRZ LT[2.6]. BT, 50N 30~400 B Tk A FERO
BRVN LSI, 72 & 21X~ A a7 E TR ST % QFP (Quad Flat Package)
W T OEIRT > 7Y TR AEFZZE LT2[2.15]-[2.17].

%22$fiiﬁﬁtt BIRT B 7Y v TR O Z JE KA & b U 7e

HRY. 23 T, BET ORI THIRFIND /A RyBEhH % FAR B
ﬁ@hLﬁ%%TWkié4/t~&/Xﬁﬁ_ionT.%L$@i%@<
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L7eT 1y 7 o Z R O HARG AL & BUHERRZN R 2 7R~ 5 2-5 F(Z 208 &'
QFP ([CAREEK 2 L7277 ) & MEEER D LA 7w MM, 55 2-6 T2 Z DEAMR
(X9 5 ERST EORIERE R, 56 2-7 BICARIE A RAEH N TND L%
AT SNRTA—=ZORER R~ BIZH 2-8 ETCIIRT/A<EH I TND
FBIRT H > 7V o 7 HELEOFERIZONWTERL, §2-9 ECTRIEHEZTRL,
F2-10ETELEHTND.

Table 2-1 Suppression methods of radiated emissions related to PDN of a PCB.
#2-1 FEHCEICRIC K D BRI ORI ik

PIE S BERS F DARIR A v

LSIFEIR A OLSIFy7 NIz VA L E[2.2],[2.3]
(A XJR) @LSIN Y=Y WNIZR VAR IR E2.2],02.3]
@LSIN Y= NIZX NV AL VB T h Bl E[2.3],[2.4]

LSI—F Ak S | OLSIOEIR—7 7N ia sy v ke

(ICHERR ) QO z., BRIEAH LT TN SRFATA VA I A 535
[2.5]

@FYNYA— AR IR —FNYAD 1 BT VA %4 N[2.3]
@F vV A —EBIRECRRE — 3y NV AD 7 BT VA Z+E AN[2.6]

FAREIR R OLSIHEENT BT RN VI B R E2.7].

(F:AR[E1 ) Q@FER BTN\ VIR E2.7]

@ FARIN B SFEBIFANV A Z B E[2.8]

@I SISy 4 S BB D E A ] 1A B & 2.9]
OEIRZUNMBIREL, BIR—7 7N @RI A48 A
[2.10]

O©FEIR— 77N 7 V- ROk e 2 < 3 5[2.11],[2.12]
OEBIR— 77/ N7 V=B ORI NE % & i B A2, 12]
@FEIR— 7' TN 7V~ R Dt bt g % e B 48 5 4412.13]
QEIR7 V—E ETOrI /N7 V= THe A Te[2.14]
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22 REBETAHABRT 7Y I EIBOHER

22 WIARMFIE TG LT=2BIRT v 7Y 7Rl & Rd. Bl A 1%, &b
—RENE DN TCWDEIRT I v 7V TR TH L. FvTFx /v X% IC
BRI PRICEE L, v v X O—F % IC OEFS 1, )z ERNED
T RT =R LIZEE TH 5.

Terminal B Terminal A

Ground — .
(a) Circuit A (b) Circuit B (b) Circuit C
(Proposed 1) (Proposed 2)

Fig.2-2 Decoupling circuits:
(a) circuit A, (b) circuit B (proposed 1), (¢) circuit C (proposed 2).
X 2-2 BT By 7Y TR
(@El A (JE3k), GEEKB (1), (oEEC (ZE2)

—J7, [BI¥E BIX, EENKVNCER LT-EBIRT D v 7Y 7R TH 5H[2.6].
2ODF ¥ NUL L1 RKOERLMB L > THER LIz M7 42 ThD. IC
ELSDOF ¥/ Z (a) 1FIC OB & EBANEDO 7 T L—1Z, 1IC
MOHENTZS D 1 ODF ¥ /Rv & (b) TEBRNEOER, 77 FFL—ric
L, Thb2o00F v U X ZEREBR TR L T\D. ZOEREBRO
£ &1, VCCI (Voluntary Control Council for Information Technology Equipment)
X° FCC (Federal Communications Commission) 7¢ & O RGOS TR D B
7o BRRE IR L, ERHIRERED 14 K E X0 bENIELS 25 X )G
I5. BlziE, ERREWED 1 GHz, EMRM B OLEEERD 4.7 O 7 AR F



UHHIROSE, 1TIREDSK 140mm THDHZ &6, V4 EEITAN 35S mm & 72 5.
F7-, BIREROEEA v E—F U L, Ty v Z EFENEFET Ly R,
Ny REEBIR/ 77 R L—2 %0 ET0OA L E—X L A0 ED b
B RRET D, BIZIE, 0.001~1 uF, 2125 A XDOF v FH ¥y XU X B RE
L7et, Fy /3 ZHK, F2E Ry K, BB T OA X7 20 2D
IR 1~2nH, | GHZ IZB T 5 F ¥ "o X DA LV E—X U AT 6~13Q L7 5.
EELIISETOERNSZOT N v 7Y o ZREOBIRERR ORI A v B —
B A X % IR BDA L E—H U ZADOMINI LT 3 5L b kELE aJrL
TV, REIFE DS EBBE 2RI 2 2 L 2R L TV 5[2.6]. =
eV, BIRERROREA B — &/xim~w9ib%k%<u##Miim
HARRMIEITIE, F v 7% v /30 213 1608, 1006, 0804, 0603 & /NEAL A i 7x
XY XU HDFEAEDA LV E T R APNNSLS DTS D0, *ﬁ%ﬁ@
KA &= ZFBAT L D HIR S THAREIFEHEEET 2 H i

[l C 1%, QFP [MIFICIRR L7=% ﬁTﬁ/7)/7E%T%6@BHNﬂ
QFP @ LSI Tix—#IZ, #HEOER, 77 Fmtaza L b7, [FiE B
%%ODEELH@?‘%}:§<@%k/\‘/&kaﬁﬁﬁaﬁﬁ)%%kiﬁ@ a X e
FEmMBMEPBREIND. 22T, B0 &S ERR M2 EBREMR TR X,
LSI EFG 1 L AN EOER T L — EOMO a7 4 VX OFEW S L.
X O &EPR T A (Terminal A) TlE, BERER L —r OB a7 o %
N DD, EIFRE T B (Terminal B) TlX, E#H2, EWER L — 12207205
BT g V2T, TSR D Ty NUXRENEHTE TWAS. HIL, Z
DO EIFERERL TIEFT 7= 2 BN E 7z, BFEMRF B 1Sk L CIEERER T L —
YEDORIZ2BED a BT 4 VEBFEAIND Z LD, FDT, BT B
(2 & o TELERIE T AT A X5HENRR M B35 2 &R TE 5.
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2.3 A RpBERNV R OERIRRES

ﬂ2-2 IR L7ZEEE A, B B LA C OG- A, [FIEEC OB TD /A

SEEN R A, EWERROA B — X o AR R T 5 2 L TEREMICH
B U7, X 2-3~2-5 13 B FEHCEIF R OSAmEEE &, BIFA o v — & o AEED
HEERTHD. INE LTEERERRIIERDO X v S X 2k LT-ER T
— e T RT L= TR LT RO K & Z1F 180 mm X 96 mm X 1.0 mm.
TV — VR OFEMRIIT T AR X RNE. BT > 7Y 7RI O EAE

ZIXSRABCAR OERIE L FFEROFERB L Z O, F v 3 Z OEfMERE &
LCITEYA X7 2 A, BHF v XU 2 A, B ZZ N EH 1.2 nH,
0.1uF, 0.05Q & L7z, Zig 13 IC H#ALE S R IZ EWERARDOA A B —X
VA (FER), Zo ZF N H DA U E—H A (ERY), Zip FRTREF NV
Z DA LE—F o ARG E 72, Ty XU X BEANLE DS B BRI R
DATIA v E—=F A (Hf) ThD.

[X] 2-3(b) Cli, Zin 73285 MHz & 570 MHz TEWA L E—X LV ADE—7 %
BLTWD., ZORKEELZET S, Zald 1T MHz L ETA &7 % o 2% %
RLTWDED, ZHIEF Y XU FDOESA X7 2 RAZL>TEL TN,
Zip 13X 200 MHz UL ECHREMEEFEMEZEHEVIRL TS, ZIUTERRIMRE
ML LTIRAE I DO TH D, Zoy & Zim E DN A L E—F AN Ziyy TH
L2 LM, Zm NDOA LV E—H U ZADENE— 71X, Zey DFEME Zip DR
EMEIC L DWHIBHETH S Z ERNbDd. 51T, K 2-1 127 LIz EBRHE O
SN, ZHEOHIRE R CRVVERKN ZE LD ENTRTES.

X 2-4(a) DZEAREIEE TILEREAROFEA B —F U 2% 64Q, EHEZ 35
mm & L7z, X 2-4b)Z T, Zp TIHEWODOHIRIC LD 80— BREIHIEND
23, 1IC B RTC Ziy TIEE =27 BEHIS L TW RV, 2D XKD ekt md 8
HiZ, 17MHz 75 1 GHz £ CO#HIFHA T Zey & Zip BT A > X7 H AL LT
WOEES Z L, Zin D Zar LV K10 FRE WD, WHIEEIZT D & Ze) LD
Rzl eicksd. £, ZHEEBREBROA VF 7 XU ARF v Ry
BDFEALHE I HZ AL HRENVTZDTHY, ZHUCXKD, RHIEKT
IC OFEWRFR & EMERENTEETE TND

[X] 2-5(b) Ti%, 1| GHz AR T, Zim & Zim@k“%% IHIRICK D E—7 B RA
BlebZown, a7 g VER2BEHR SN T WSO THSH. LSI TILEN I 1
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WEoTAA v TF U T ) A RDRE IR —KANIT R D, 20 4 ADKE
WEBFIE IS, ZOLIRZBEO BT V2 2T LR B Z2EH+ 5%
AL OEBBEHEREI RN KRELS 2D & PHRTE 5.

PDN
1000 ¢
F Resonance

£ 100
< :
2, 3 :
g 10 7.
"§ . s .:: k
2 ! L
£ S

0.1 N\

0.01 10 100

Frequency [MHZz]

(b)

Fig.2-3 Calculated impedance properties of PDN for circuit A.
4 2-3 [A1#% A Zii ] U 72 SRR D BB A > B — & o R
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1000k i
: 7 Z,~64 ohms

EIOO; in2 [=35mm _ .|
S V4 \ ......
o 10 - - — =1
QO E O\ L

= I \
g |l . ’*/,y////
ST ¥
: SN

0.1 \

' 10 100 1000

Frequency [MHz]

(b)

Fig.2-4 Calculated impedance properties of PDN for circuits B and C (terminal A).
2-4 [mli% B L[AIEE C Dt A 2 L 72 AR OB A > v — 7 2 ARk
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| in2 [ =35 mm
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5 | |Za
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=
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Fig.2-5 Calculated impedance properties of PDN for circuit C (terminal B).
2-5 [AI C D B Z i L7z B OB A o v — 2 o R R
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24 BET AT o7V U TEIEOERERIC X 5 HEEHEBE 2R

T, |ETDHT ATV T RIEOIEARER TH DRI B OHEHEEIH
RPN KL > THER L7z, 2.6 XM A ZBEH L2 U o MEEEMK, X2.7
IERIEE B i L7277 Y > MRIEEER TH 5. HIZE X 180 mm, 1E 96 mm, /&
X 1.6 mm D 4 BEWRTHD. 20 MHz D/KEEFERE & AC244 D KT A /NIC &
Ly —NIC SN TEBY, Z2ORTZERT Iy 7Y U 7EHEA S LLIX
BzEMH Lic., 7y 7Y ZEBEICHWEF v /3o 213381 2125 14 XD F
XN EERAWE. £, RIANNIC &L y—2N1C OIZIE 4 KO(E
FERRDA DN, L —NIC OHIIIZIE 51 pF OFEAMZHER L T\ 5.
COAMBREDX XY N EZ LTy T o TXxy XU FZERICY A ADT v
F vy N H AT EROBHERITH SR E N OESE, 77 NE, &
g, EerEel, 77 FglERBIicemagfRkrLr—r e L.

X 27K LT H 7Y 7 aE B OEFRESRT, ECURE 02 mm, AHRE
H36um DA 7 AN v TR TR L. B EIO BRI 4.7,
EIFERR E 7T > R L—2 L ORE 02 mm 5, REMROFHES B —4
VAT 64Q L2 B218]. ZAUIT A TN T X N A DEFEA KT B
Z (1.2nH) 72HR®H7Z1GHz TOA LV E—Z L Z75Q 50 b R&E 2 &
2o TN, 2, EMRBEERASINLRD T 14 EE L 725 E S1F 42 mm
Tholz. ZOWA, BREMRCELDA X7 X A1X160nH £720, Fx )
VEDTEEA T B RTHARI0ELL ERELS 2D, LvL, KRFTIEE
FEHREZ 10mm & L=, EFHE, 2mmal&HIZ I IRETHY, 10 mm
BRENZYEHE L0 THS. ZICLVEREBRICLDA X T 2R
X388 nH £ X ¥ XU HDFAEA LV H I X ADIFEREL > TWND., O
FHERMHIZ R W T H MR R Y & 2 22 FERNT > THERE L 7=
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Fig.2-6 Top and side views of a fabricated four-layer PCB with Circuit A.
2-6 [HIEE A 2 L2 4 87U > MalE IR O b & A

Power trace
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Power
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wires
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Fig.2-7 Top view of a fabricated four-layer PCB with Circuit B.
2-7 I B WM L7z 4 @7 o MEBE AR o L B & Rl [
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2-8 LTS BB TR O RERE R 2R, U L~ DR W ER I O A& R
L7, EBEERICTEL, &S 80 cm DAY — 7 —T 0o B, EEE
PR & WATICRE L CHIE L. 7o 7 F@amSiT 130em ICEEL, ke 7~
THHEES 3 mIZEE L. 7Y MEBEERD O O 720 T <, &R
— TN DOSL TRENTZTD, KERS—TNMIEE< D7 2T 4 b=

BHEEL, F—T7NADLORK AT, 20 MHz DKERIEGR O 7 1 v 7
BEHaZ T R4 IC BREEBOEREE 2L — N IC ITEET H T
¥, 20 MHz O &l CEMBEPBHI S Tn5D. 20T, HIEE A TIiX 240
MHz, 520 MHz, 760 MHz D il L~V 75 & O it O JE B EUZ e~ TR &
ZERb»D. T L, BB TIEIO XD RO EEHTI R S,

F7o, M29IZRT7ANIC OERSG 0O EBROEBERRE LI ATA o E—
H o ADREREZRT. KREFRGHFIZER12mm Ot®I ) Py Nr—T 1%
NNCEFTFL, Ry NI T FIAPTHE L Sy RN Z DA A e
— B A A RO T B [2.6]. B A TIHK 230 MHz &5 510 MHz CTEIRHR
MIRAELZ L CND 2 PR TE S, —, BIEE B TIHHEN AL,

X] 2-8 D Jit it B R DR ERE R & X 2-9 DBIFRATIA > B —F 2 Z2DOHIE
FERMND, [\ A T4 U7 240 MHz & 520 MHz OV O B — 27 1%, EIFR
DRI LD Z EPEFRTEDH. Zuext L, BELEEKE B TIIAA o E
— X ARG HIRIIA ST, BOHERRHETHBOAS RS R S,
ZOZEND, [ B NERROILIRIC X 25BN 2K L T\ 5 2 & 03
WTCED., F£, BREMPIEOVHTA L HX I X ANT Iy 7Y T xR
VEDHREA LTI EUADIHEREL ZNIFEREILSBVICHLEDLT, &
PR D IIRIZ LD DEJE TETWD Z ENMERTE 5.
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Fig.2-8 Measured radiated emissions (vertical polarization): (a) Circuit A, (b) Circuit B.
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Fig. 2-9 Measured input impedance of the PDN at the power terminal of Driver IC.
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2.5 QFP O LSI ZH#H L7277 X FEMKR

AT, B A 23T 2 Al C O BRI RBEN R & #EF 5 5 72, QFP @ LSI
EERIELZ4BOT ) MEBEERZRE L. K 2-10 1IZEER O EmX &l
X zRT. ZOEKIE RN DES -7 Ty F—ER (50K T, BR
@l 75y REBIZENENER S L — 0 TR LT, R OFHEEM BN H
BERPK) 4.7 DA T AR X BE, BEROKRE 13210 mm X 100 mm X 1.6 mm
E LT REOEFREIX EEEICH Y, 40 MHz O/KEEFEIESR, 208 B> @ LSI

(ALTERA Field Programmable Gate Array, EPF81188AQC208-2), 7 pF D& faf & &,
0.1 ufF OF v 7 F v /3% (GRM40F104Z), HIZ ROM % & Lol Hi L EI s CHE
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Fig.2-10 Top and side views of test PCB with a LSI.
1 2-10  LSIH#HT A b AR o i & Wi

28



4 2-11, 2-12 (BT > 7V TRIEOFEMR LA TV R ThDH. VO =27
ENE a7 OEFRME XA 21 HH 7. ZZ TR OERELE (5V) TH
STz, V0 =27 ENEREOXLR <, Y& 5 &R FliE—DoD 7 L—7
ELTHRY, ZNZE2FELOHT1I DOF ¥y XU L. B C T, kil
J& DO FEIFAAROBEIE 0.3 mm, %Yﬁﬁaﬁk woErI U RS L—r L DOMOFEE
HRIEIZ02mm & Lz, 2T KV, EFEEMROFEAS B —F 2 XTI 55Q &
20, XY NUEDIGHZ BT A A v E—=F 20 6 kE V. BFEARIT
ARFEMRIZIBWT 1 GHz TEIRPEEN 1/4 L0 bES, 35 mm LV E L
7o, Fio, BRSO NV—T &SR SERBARIL, 3T LSI Ny r—v
DA EIZER T D LEFEARED LSI OSMANC S & e e D72, Ny br—v
DIMUNAE SRR S < H A &P Tk QFP M+~ WNMNCER T 7=, £7-, EIFRb
T L EBRANEOER T L —r & 227 SEFRRMBMIC OV TILI 7T U FIBIRICT
% & CHEME A/ NS Ls, 72, 13 [l DERG O 7 A—T1Z, ek
DEEE B i L7cma, 26 [HOF ¥ U EZBMETHS720, B C DL
2, ¥\ EFEHAETDHET, Ty F L2 9O L, 17 EIZHI L T
W5,

29



Fig.2-11 Decoupling circuit layout of circuit A.
2-11 THY TV THEEADOLAT T B

Fig.2-12 Decoupling circuit layout of circuit C.
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Fig.2-13 Measured radiated emissions of the PCB (vertical).
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Fig. 2-14 Measured radiated emissions of the PCB (horizontal).
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Fig.2-15 Measured results of S»;.
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Fig. 2-16 Measured results of Sy;.
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Fig 2-18 Measured radiated emissions for Circuit D (vertical polarization).
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Fig. 3-4 Measured maximum emissions from board A.

3-4 HA A ORI EE AR O B E G R

60
o
E“ 10l i i
S, 30 u
8 20 .
2 10
E 104

0

100 1000
Frequency [MHZz]

Fig. 3-5 Measured maximum emissions from board B.

3-5 Bt B s RIS BB SR O T TE A 2R

49



WIZ, ZOEPMECERRZP LT D701, 3 DO FMRE & RFIx L
T, ARPHmE, BmEREOSFEZF AN, B2 00 LR G, HEk
2 PRI & ATICAE L7c & & (x—y ), 5 A, Bk B THHELRENS D
ZEaAHLZ. ZORE TOARHRB A, mEREREEZ X 3-6, X 3-71C
AT AR TIE 100 MHz~800 MHz O JA VWP THAR A D F B3 L~L
FE <, LUV B E 520 MHZz TIE 15 dB b OZERH 5. Zhicx L,
EARE CITEEMR A R BIZIZFEAEZEIT W, 202 &b, ZOKEREK
Fetes LA 70 b B OBERH D & THRLT.

50



o1 O
S O

W
()

w
()

Emissions [dBuV/m]

—_
-

-

100 1000
Frequency [MHz]

(a) Board A

@)
-]

-

=~ Ol
-

w
-

(\\)
)

Emissions [dBuV/m]

—_
-

-

100 1000
Frequency [MHZz]

(b) Board B
Fig. 3-6 Measured horizontal field (the board surface is parallel to the floor surface).
4 3-6  ACHRBARFEORIERS R Atz K & HATICAE L7235 E

51



o)
o O

w B~ O
o O

”;II |: B

Emissions [dBuV/m]

—_
oS O

100
Frequency [MHz]

(a) Board A

op
-

1000

O
-

S
()

w
o

Emissions [dBuV/m]

—_
-

-

100
Frequency [MHz]

(b) Board B

1000

Fig. 3-7 Measured vertical field (the board surface is parallel to the floor surface).
3-7 FEERBEAFPEORER R etz KM & ATICRE L7256

52



3.3 BB N2 — T & B B ST

X DIZFE L S FE 2R D 72012, BIERO I 37— ZJIE L=
] 3-8, [X] 3-9 {2/ LUV D b W 520 MHz 545 O I E RS B2 =3, FEHRHS
AR (Bp) Aoy, WO EERE (BEp) oy Thd. ol ek, Filim s R
M EATICEE L& & (x—y Fil) OFRTHY, MERMHLFERILTTHS.
R A TIE, EROKFERERG=90°L 2700, mEROEEMFIEA0=0°L 180°
=2 %40 8 OF /L — NIRRT o TV DL AT, KERED
TR Lrrid@ey. 2kt L, Bk B T, |EREA B L Z9=90°
E270° = B b D8 DTN — L0 AT, B A &I, HEE
{7 D3 L~ E .

53



Emissions [dBuV/m]

Emissions [dBuV/m]

270

Fig. 3-8 Measured radiation patterns for Board A.
3-8 AR A DTN Z — L HIERE R

270

Fig. 3-9 Measured radiation patterns for Board B.
3-9  FM B OIS Z — A RERR

54



CDX D IRE RS — NI TR A ST S0 :,E&m,ﬂyn@
Ko ET v EE 2 7=, X 3-10(a), X 3-11(a)FKEEFIESR & LSI OfH,
iULmaﬁﬁﬁimﬁmﬁ%m%ﬁﬂomh’ﬂbfiﬁmw—77/7%
ELTHSEBLXTEXODMHET LV THDH. —T7, K3-10(c), X 3-11(c)
IFEBERICE ST I RT L= REESh, 770 R L—r bR
HIROZAR—=NT T FE LT LB ED CM BSHET LV THS.
T, TOXIRBEHETVERE LB PRI D AR IR R 2 —
45X (b), (AIZRLT=.

] 3-8, 3-9 OWPEREE LK 3-10, 3-11 (s LIzl % — /%m@T5 &
T, X 3-8, 3-9 WRTHGAEELET S, Eimar Kim & PATIC LSS k—y
Sﬁ@,%wAmDMm%%Tw@m,I&m@_mfio_,zﬁﬁiﬁﬁ
R (Eg) T, HEH/SZ—130=0°L 180°IC— 2 &2 D 8 DF/F — 1 L7
L. F1z, ZOEERO CM EEETLTIE, K 3-10diT ko, T
AREE (Bp) T, B2 —213¢=90°% 270°12— 27 &2 1D 8 OF-/34 —
e, ZDIEK 8 IR LTCHER R EHEAA LS —H L TWDH T &b
N5, EEREE LY LACERIEO LAULRE N L, HR A CIHE B
WEDDM I L0 7T R L —12 K5 CM B O 5 i3 ZldH) 72 2 & 3
bnb.

—J5, M B O DM ST T ATIE, K3-110IIRT L D18, TR ITEE
R (Bg) THUH XHZ —2139=90°L 270°1CE—27 &2 H D 8 DF/NRF—1 L7
D, CM BHET A TIE, W 1I@RT X918, EREIIAKERE (E) T
B Z— 39 =0°L 180°ICE— 2 2 H D 8 DF/NZ— L. Znb HHlE
FER LA NEIE LTS, B A i, AKERE LY b EEREO
LAULRENZ E0 D, FER B Tl CM Mkt L 0 b DM fclt o 5 3 K Ed) 72 =
EINonG.

T, FERA R B OREMREITE BICDM I LA EE D L, K
WA &I B TIHEBEAROME 23 90T N TNDHH, 8§ DFOE—7 1 90°
HNTWD Z &, F72, ERSHERAE U, B Lo — 7 @S lE T
IE—HBL WD ENEGHITHEMTE S, £72, 300 MHz~800 MHz DL J#
&ﬁ:owf%ﬂ%@ﬂﬁ%bt&*% A CEmZR LIz E0nh, FR A
T, ZOEERBEIPFIZE DT CM 233X TH Y, Fk B TlX, CM Kt &
v+ DM ﬁﬁz%ﬁdiﬁaﬁﬁfa%é Effmm O bND. I BIZ, 22 F TORHNZ ®

55



U, iR 2 R & PATICHE U722/ (x—y “Fin) CTHESREZREL, <
DIKFARIE & TEERRE & 2 kT 5 2 & T, DM BB X200, e b
CM JEU S SRR 72 D7HIB T 5 Z L b

(a)Differential-mode (DM) radiation model
(b) Main radiation pattern due to DM radiation

90°
== Hor.(E)

180° - 0°

REE T T P )LL) CLLLLLL L LT & ¢
¢ R
0' "
0' ‘.
. X o
0‘ ‘.
* ‘.
*e

Ver.(Ey)) =0

0
Q 0
0 *
o o Od [}
. o 2 ; 0
SEssssssEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE A

(¢) Common-mode (CM) radiation model
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Fig. 3-10 Radiation model and the radiation patterns for Board A.
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(a) Differential-mode (DM) radiation model
(b) Main radiation pattern due to DM radiation
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Fig. 3-11 Radiation model and the radiation patterns for Board B.
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(a) Differential-mode (DM) radiation model

(b) Main radiation pattern due to DM radiation

(c) Common-mode (CM) radiation model

(d) Main radiation pattern due to CM radiation

Fig. 3-12 Radiation model and the radiation pattern (the board long side is
perpendicular to the floor surface).

X 3-12 FERENZEREICEEIZ LEZBOBSNET LV EZ O N2 —

59



Ver.(E)=0

180°

(a) Differential-mode (DM) radiation model

(b) Main radiation pattern due to DM radiation

OO
== Hor.(E,)
270° 90°
0
Ver.(E)=0
180°

(¢) Common-mode (CM) radiation model

(d) Main radiation pattern due to CM model

Fig. 3-13 Radiation model and the radiation pattern (the board short side is
perpendicular to the floor surface).
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Fig. 3-14 Measured radiation patterns (the board long side is perpendicular to the floor

surface).

X 3-14 FEWRE D 2R & TEICECE L 72RO 2 — 1 E s 5

|
o1 O
o O

w
(e}
P R U B

N
[an]

Emissions [dBuV/m
DO
()

180
Fig. 3-15 Measured radiation patterns (the board short side is perpendicular to the floor
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Fig. 3-17 Calculated radiation patterns (the board surface is parallel to the floor surface)
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Fig. 3-20 Frequency properties for CM/DM.
4 3-20 DM HHHT k32 CM Jishs & oD Ja e S e

15 x I
—u— Measured

Calculated

10

MAX1/DM [dB]
N
\.
.
Ay
=
: .2.

100 500 1000
Frequency [MHz]

Fig. 3-21 Frequency properties of MAX1/DM.
3-21 DM JEHZ 3 2 A R B oo A BB E (AR R 23K T & 8 1E)

66



15 I x

| —®— Measured
Calculated n—u
_ 10 7, ‘h
= NS
= [ ]
Q 5 /.\. | ; /
-l | |
Q l——l/./.
3 0 '
|
100 500 1000

Frequency [MHz]

Fig. 3-22 Frequency properties of MAX2/DM.
3-22 DM ST 2 e KIS & O JE e Rt (AR 28 R 1 & TE[ED)

67



ZDEIREBZFTOREMEEMHRT D720, BIEEAERNE U CEMRT A X
DFE72 2 HMRIZFBNT DM BN EICRTT 5 CM &4 k7. X 3-23~3-26
ICHIERY I 2 b—va Ko TROIEFEREZRT. Y1 X%, HEK C
T 300 mmx100 mm, ZE&#x D T 300 mmx200 mm TH5H. F7-, 3-24, 3-26
IZ7R L7z CM/DM RIS EER A &Rl C 5B TR T2

ERCTILMMELHAETZLOORERH L LOOMEMITLS —FK LTV 5.
WA LD & — 7 2R T AR 400 MHz LK< 72> TWND 2 &, Tz,
v — 7 Z R AR ST CM/DM 3 11~13dB L &< 2> TV D, ZAUE AR 2N
B< 52 LT, CM BB LY ZFMIZR>TnDHZ EE2ERL TV,

| 300 |
2 - e T
? - -| 100
5 - Bl v
Fig. 3-23 Printed circuit board C.
3-23 Mk C
15 |
L | —=— Measured
| | — Calculated / "
10 =
Z Y
— /
2 s i N
I | ]
~. 3 . . .
= ; //O g-./ij‘\l\\
U O/\/AV b
)
100 500 1000

Frequency [MHz]

Fig. 3-24 Frequency properties of CM/DM for board C.
X 3-24 AR C 1281 % DM SS9 % CM il B o0 J8 i 55 e bk

68



HEWRD TIEZ T R L= NEBICRKREL D 2 LT X » CTHARE R Hon
FI380MHz & EH IS o TWVWAHZ L, R CICHRT T R L —2 0O
WILL 725728, CM BEOHERNBEKI 10dB LKL o TWAZ ENbhnb.

< 300 R
5 - - o A
E - - -
; : _ o 200
B
5 - - BV
Fig 3-25 Printed circuit board D.
X 3-25 M D
15 |
L | —e— Measured
I Calculated ]
[ 10 o, ‘0 |
5 | j//<\m& 1]
E 5 I o : \.'. \..“-'.}l.‘o A.o-
A 7’ o Lo K
s | /N T
: ./. / [} ®
© 0 ] Y ]

100 500 1000
Frequency [MHz]

Fig. 3-26 Frequency properties of CM/DM for board D.
% 3-26 AR D IZ351F % DM IR CM U 8o Ja BRI

69



L EDBINS, ZOHEEEHWD Z & THEEN DO 205 CM <
Zhiz k%@omﬁﬁ%@ S E ERICHINT TE D Z AR TE S.
ARFTIL, CMDM IZENT, HERRNORDTAMEN T I 2 b—2 g Ui
RNOROTAE L P2 TEENRZIT NS Fl 21, [K3-20 DHM A TiZ 300
MHz L F=X° 340 MHz, 600 MHz D %5y, X 3-24 O Xl C Tl RAIIC, X 3-26
DFEEM D TIE 340~380 MHz O Th 5. ZORKE LTIE, KBTS &
LSIM D7 v v 7 E#R<e 16 Kb D LSI & FREAMEOE SRR EZ 1 RO HHR
EERBRTETMEL, AL I 2L =X TINLDOEEL RO L
B2 DMNHREICIZI > TRV, 5%, CM/DM X° MAX/DM O EERE FE % & &
D120, MEEYI2L—2arOliFoELZED, ZhbDERDORK A
HLMNCT D ENMELEZD.

3.6 REtiES#t
ARIFFEN K> CHEXH SN REILTO®EY THh 5.
D A XL 72 DAE SECRR DN AR F AN ECRR S 5 L 9 IS LBl & %

IJX n"“g—é
@ EHOVEIImERICHR < R bRV I O IZRGEHT 5.

70



3.7 &3

ARG TIE, 7V ¥ NEIFEIER D S O REBRBBI OFFEAR LA T 7 MK
AP OWTHRET L7z, £, BEIEERSCHSENFE L THESEEDO LA T ¥
MZ X o TEWRD O OB BN LD HERERZ R L, Z OFKNMBIERD
TV RTV—=BDEAR—NT T F L TEH aEE— NSICELS Z
xR LTz, WIS, WERESCHNET LV, TOBRR 2 —ICEBT52 L
T, WD OBHAME TR OHS (T4 7 7 Ly T — RS
TS RT L= b0 (2 UE— ) T cxs2 8, &5
2, T4 77 by /LE— R RIZHT 23T — FEFEOLEST
{477 Ly b — NI BRI T 2 RRKESA &R L0 ) B i ieE %
BATDHZ LT, BERBROEFEM LA T U b & ERAU & & OBk 2 Hi
kb &L

CZTCHALEBEZEHWSGZ LT, 221X, V7V RTL—DB—ED
GEICRARNLE & CM s OB 2Btk TE 5. £, 79U R7L—ro0
FARIZ X > T CM S S KBRS D, Z30S DM EHZ R EDRRE K & <
RO, EEMICHEICX 5. £/, DM HEZFEHT 52 &8 CM i 25
HT2L0 LB THDHIED, TNOLOEEZFHICHE L TB ZETES
FoARD> D D DM S &0y D CM I B KU B2 EET 2 2 L b Aalig & 72
5. Ak, TOEEAFIHTLZEICE T CM B EMmA =7 o MaElg
WEREE DB G0 D Z L IFFT 5. ARAFJEAANE, BIFE, iR EMI #ifil 3¢
Y — (NEC 15 #H > 27 2 X4k DEMITASNX™ %2 EMI Stream™) (ZFRH &
n, ISKHRTRHHAI TS,

F2RmEAREOMEIZLD, 7V 2 MRS OB O 3 SO 3L
(723 ERA D =R ADHE, 222N TR BRI T 5 B 520 L
o, O —ODIIMEFEMBE PO INDET 4 77 L Uy LE— RS T
b5, ZTHITELTUIBECZ S O R e s, V=TT 7 LTHE
FEARONL—THEZ /NS TDH 2 L EEFRRERNDEREVRLTDHZ
EDRR LSRR TIETHL 2 ERmon TS, 21X, FEEROE
TOZZ 2 R =AYy M3h D56, BN R 0D Z L RNAL
NTWHER, ZHUbLV—THEE/ NS THLEDZEX T THFNEZRBTE S
[3.20].

71



2% Uk

[3.1] BEFHAA, “EMI ZEB[E L7127 U v MEEARGEEHEN,” o —F% v v T2
23, Vol9, No.d, pp.239-242, 1994.

[3.2] /NIEST, KRR, /INEARE, thEpscf, Botdr —, B, A/ 7 n
Z MYy TREA Yy TEIKF Ty b OB~ DR, VE T ER,
EMCIJ97-77, pp. 23-29, 1997.

[3.3] B. Archambeault, “Modeling of EMI Emissions from Microstrip Structures with
Imperfect Reference Planes”, IEEE International Symposium on Electromagnetic
Compatibility, Austin, pp. 456-461, 1997.

[3.4] GHARE —, “EMbnlZ &7z @dE S HECHR ) 5 O EMI BESIZHOWTOE
KRB LOBER L A R =/« B— A N L DR RO 73RS L 2, ” A5
2, EMCI99-19, pp.13-19, 1999.

[3.5] M. Leone, “Design expressions for the trace-to-edge common-mode inductance of
a printed circuit board,” IEEE Trans. Electromagn. Compat., vol. 43, no. 4, pp.
667-671, Nov. 2001.

[3.6] R. W. Docky, “Asymmetrical mode radiation from multi-layer printed circuit
boards,” in Proc. 1992 EMC/ESD Int. Symp., Denver, pp. 247-251, 1992.

[3.7] WA, BT, WHEEE, CHE—, <7V MRS OB T I v
g CIHIRISH T D 7T U v RIERIEORFENE, B AR BEE FREE

(B), vol. J82-B, no. 8, pp. 1586-1595, 1999,

[3.8] EELE N, e, TR, 7T 2 FEPELTS~vA 27 m 2 ) v
TREEIAEL D aE - FERO TR, "EFHK, SB-2-3, 1999.

[3.9] R. W. Docky and R. F. German, “New techniques for reducing printed circuit
board common-mode radiation,” in Proc. 1993 IEEE Int. Symp. Electromagn.
Compat., vol. 38, no. 3, pp. 334-339, Nov. 1993.

[3.10] D. M. Hockanson, J. L. Drewniak, T. H. Hubing, T. P. Van Doren, F. Sha, C.
Lam, and L. Rubin, “Quantifying EMI resulting from finite-impedance reference
planes,” IEEE Trans. Electromagn. Compat., vol. 39, no. 4, pp. 286-297, Nov.
1997.

[3.11] D. M. Hockanson, J. L. Drewniak, T. H. Hubing, T. P. Van Doren, F. Sha, and
M. J. Wilhelm ”Investigation of fundamental EMI source mechanisms driving

common-mode radiation from printed circuit boards with attached cables,” IEEE

72



Trans. Electromagn. Compat., vol. 38, no. 4, pp. 557-566, Nov. 1996.

[3.12] ez KZckt, FEEE, BUET, “aT2T— RGO 79 o LSI
DOET ML, MEFHEH, EMCI99-134, pp. 25-30, 2000.

[3.13] fex Rzekt, JHHEES, ERUESH, "2 — FEHOEKRL AT D
MELEME, “EFHEEHR, EMCJI2000-207, pp. 63-68, 2000.

[3.14] Mex ARGk, JRHEGESE, FELUEF, “ax5— NREmz5s7) v
N EERERETTIE, 72001 (E5AEOR, B-4-2,  2001.

[3.15] Hex ARZetst, JFHEmE, RIUES, <7V o MEEERIZIR T 5 )
SDT 47 7Ly ET— NI E ST R L= b DaE T —
Nt O BLR, 2001 5% Y K, B-4-41, 2001,

[3.16] H. Sasaki, T. Harada and T. Kuriyama, “Layout dependence of radiated
emissions from printed circuit boards,” Proc. 2001 Int. Conf. on Electronics
Packaging, pp.513-518, 2001.

[3.17] H. Sasaki, T. Harada and T. Kuriyama, “The relationship between
common-mode radiation from the ground plane and differential-mode radiation
from signal traces on the ground plane,” Proc. 2002 IEEE Int. Symp. Electromagn.
Compat., pp. 195-199, April 2002.

[3.18] e Kzeh, JRH&EE, RIS, ” 7V > MelEE R ) b O A EERL
WS OE S LA T 7 MR, B HHRIBEFSWmGE (B), Vol
J90-B, No.11, pp. 1124-1134, 2007 - 11 H.

[3.19] xRk, FHEEE, EIUES, EgREE, 3§k, 2 o0F v/ v
& &1 ROBPEBLH CTHERL U 7o ERBIHEIRER T 2~ 7 o 7RO
QFP /Ny r— LSI ~iii 17, B 1FHulfE F=5E (B), Vol. J92-B, No.5,
2009 4= 5 7 e 7 iE.

[3.20] Y. Ko, et al., “Electromagnetic Radiation properties of printed circuit board
with a slot in the ground Plane,” 1999 IEEE Intern. Symp. Electromagn. Compat.,
pp. 576-579, May 1999.

73



W4T RF/F YV IVIEERN 95—y O EBRETF PR BER SR

AW TIE, BETHORNWI v 7 A K7 F /L SOP (System-On-Package)
FRBETH7-DIZ, RF BIKET X IVEIKEZIRE LT Xy r—I28175 7
A ZFPWA T = ALZDNTHRFLIZ. SOP &%, TV X/L, 75 rZ, RF,
47"k, MEMS (Micro Electro Mechanical Systems)7¢ & D RFET /S A X% —DD
Ny —=VRICHBIAT Z L TERDEMILT D AT LU /Ny r—UT
FETLHLWHIareF M THY, BHEEST VXN AT E TR
SNTWD, AEV—F o 7reuayy s Fyvra2U 0 Ry r—TRELEY
AT LA Ry = (SiP) ZAETLHHLDOTHL. KEFEITIE, 7YV H/VHE
L, TR A2 EMRICNER L7 RE B ZE#S LT 2 MEtkE W, 72
ZNVEIERD VAT T N2 ZT-BRD RF [FIEIC 5 2 2B Z25HMiiL, 250D /A
AFWA = AL ZHME LT D, IS, XBHEFEZNET D RE/T V2 ViRHE
N = NS B BT PMERE GG HE R 2 BTV D

41 XN

EHOT L7 hr=7 28 OL X, TYXNVEIRET TR, TIes
[<° RF B2 Eie S v 7 A RV T FADU AT LA THD. ZOMIBE 261
AR AR EHRED YW =Y L a B a—Z ThY, CPU A E
VR EOT V2NV, ERRLERRREDOT I u 7, @(ERO RFHIZE -
THERINTWD., 2O X)) RBENES% G LR LB L ook L T
WL T2l B L0 /hE <, #HL, B R D EFRIRIZ, MAadbhbEi
b ONER, BT, BWICRELS NIV AT ANy r—U TR TR
LRV, EDX D7y =V HIEL TV D H DA SOP (System-On-Package)
THDH[4.1]. SOP 1L, KEMNZIX, 7V N, 7FHwr 2/, RF, &7 &, MEMS (Micro
Electro Mechanical Systems), /XA A4 72 EDOBFET NA A% —DD /Ny r— T HNIZ
MAATeZ & THABOBMILT D2V AT 22T U Ry —VTEETH LN
AT RTHY, BUK, ARV —Fo7enyy s Fy T THEINTND
VAT AA Ny —Y (SiP) bV IAATERE RS THS.

SOP [IT7VHNTET 7L, ST ARV TFADIVATLADEE, ZORE
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DIENSND. LLRb, ZhEEBETLHEE, W Or0EQHT Lo}
AR L2 TSR 50, F0—o08F UH VK E T u ZREERE, b

L<IET v & vmligs RE BB O 7 A4 X+ (Electromagnetic Interference :
EMD) [FETH 5H[4.2]~[4.5]. Bz, #ERHERHICHEE SN TS, CPU & A E
VEMERELIESIPOLIZ, TVFNT T ERFFy 7 2EETLHE, TUF
WNEFRAA v TF 7 ) A4 R &K » T RF FEREL4 2 etk Z g,
PERD L DT T VX VA & RF A2 —FrNICEE L CRLE T 2858 10,
A LT 7o Il E D EICHEE T 5720 Th 5.

AWFIEO B, 7YXV L RF [BIEE 2 E#E L 72 SOP IZH1) 2 BRI
MEARH T2 Z L Ch D, BT, TUXLVEKE, BB EIERICHEL
72 RF A E DRITD ) A4 AFWD A =X LE et LTz[42]. T ¥ X IVENL,
AL VEENATTE A L E—F R 500D~ A 70 & MU v 7R
& L, RFEIE, LNA (Low Noise Amplifier) & L7-. LNA [ZIERGEEHO 7
2y by REEOAIETH Y, IMNBPBIRAIND /A RITxF L Tae ® U
REED— DD THDH[4.6]. X HIT, LNA O AH S EA R OHE I TR
WIS B R 7 & W72 [4.7]. ZBFR T OERNEIIE, Sy 7r—T % X0/ EHE
TE D LRI, HERRERIC R TED AU v MRBH L5720, SOP Tl
FERRAIZAE O Z & 2 E LTV D, 3FEHD T X MR Z HWT 2 A0 ER 4
1Tote. =2 T VX INVEBOREEEMN RF G5O+ 3EWEGE, b
DD T VA IEEDREEN RFEFOZENLRERGETH L. FIZ, 7
VHEANMEBEDOIFEERORKICERTDHZET, /A AXATHORA N =X LEfE
FrLTunWa[4.12]. HICA =X LZ28E L LT, REHEHZHENTWD., F
7o, BEEIIEF L AW D kHz #I D /) A AT A2 E L TNDR, KE
TITERREE TR SN D MHz~GHz @/ A A T#Ex8 e LT 5.
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NERRAE S 1L RF 7 oy 7 FEICEE L, MK C TIETXTE1IEIZRF 7
7y 7 ZaFEld A K9 ICELE LT,

X 42137 A NER A, BOWHEK THD. 7V X NAEMPE 1 ELFH4ET
RF7ryZ7DETZLSHEICHEINTWDZ b0, 2O X5 7kb]
XEILHIZL,RF 7 vy 7 EF VR AT oy 7 20 BT 5 L9 IChET 554,
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ELHIZ, RF 7ey 7 bFoF LT ay 7 b2—FENTHT CTRET 54,
N E DD HFIETH D, AR T, TNENMSLLIZRF 70y 7 &7
VENT Oy I T A NEBRNIZERT A2 LT, ZThooRIEROE
W) 72 BRIV 2 3-I LTz, B7e 02, KT A R IR O K EREILEKE % 36 um,
NEZ 18um & L7-. £7, BHEREITE 1 @ OIEIC, 89, 114, 89, 114, 203
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3.5-mm SMA

Connector

50-ohm
digital trace

{— Pads for power supply
0.1 uF

....................................

o Ve

Pads fi
bads o 49.9 ohm

ypass caps.

RF block (18 x 18 mm)
100 mm
(a) Test board A
50-ohm
digital trace

(b) Test board B

50-ohm
digital trace

/

“ RF block

(c) Test board C

Fig.4-1 Mixed-signal test boards.
4-1 BEEHIHWEI v 7 A RS TF 0 - T A MR
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....... / -~ Signal
g l I « Ground
EI ]ﬂ- x> Power
S Signal
~

Ground pad for SMT Connector

Fig.4-2 Cross-sectional view of the test boards A and B.
42 TABNEMRA & B OErmX

FERNE O 2T 572012, K 4-312, fRERE LTER A DOF 2, 3,
4, 6 BOLAT U NeRT. B2 BIIEREmIIIAND ST KT L— ),
HI3EIIREEZGX50 mm DEBEFE L —E, F4EIIRF 7 ey 7 EFICT
U IVERR AT T ECRRE, 6 JBIX SMA 2 Ry XANNEE LB T D T v KR
v ROETHD. 5H 5 BIZITERRORNZ NZ = 2T TWenwew, 22T
IZER LT, BB & CliE, A O RF 7' v v 7 & KIKEEHE 0 (2 [FS
SETERT, FE2REEIBICHLIAT Yy FOMNEHFIRIELHDIIRD.
F7o, BIRCOEABITITHERASLB DX I RTF IV HNAEMRITRV. DR
LE2ED T R L= LEIEOERT L— BT VXL E REF DI
DIRM O TNDTD, TUXN ) A AXANRF BKIZIBEBALSLT W ERTPRETE
5.

Ground plane

(a) Second layer
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Power plane

<11 83 mm

(b) Third layer

- H

50-ohm
digital trace

(c) Fourth layer

Ground pad for ] |
SMA Connector o

4

(d) Sixth layer
Fig.4-3 Each layer structure of test board A.
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WZIWZRF 78y ZEHIZOWTHBT 5. 441, RF7ryZ7DH 1 JED
ML A T T N THD. TEICHLE L TV ANEERKIC AR/ Y — T
R LT EABRNE DA > 27 % T EEF v 30 1 EZHG, ESICALE LT
WA ABEERIKICHEA VX7 X BN TWD. O OZEN #1135 i EE
XA TOMEBIES TH D, TR EEBENITERT2CH-0, mEr T
v U7 EOR BRI EHI AW T e FERRBPEHZ X Polyclad Laminates, Inc
TOMKFHESR, KEIE, LD-621 ZH\\W e, & v JfET, hifEHRIL 2 GHz
T 3.2, FEMERL tan 6 13 0.005 THDH. LNA D T VA HZ (Tr) IZ1%, Agilent
Technology @ SOT-343 /X /77—, HBFP-0420 % F\ 7=, THEWEE R EIL 1.8
GHz TH Y, JEPEEHEIIX 1.7~2.5 GHz. ERE/E 3.3 VT, LNA OFIFFITH
12 dB THo7-. ARF 71 v 7IZBWT, FEliZ LNA DA%y K, EEIC
LNA O /178y R3® 5. INAIZ RFESZHFEAT LB, 7213 LNA O 115
FEEY ETE, 2116 O 3y RIZ Cascade Microtech £1: RF & Microwave Probe
® ACP40 (GSG500) Z#ZkiL7=. ZOfh, K LNA OFEMZRRE AL T
%, k(4.7 SR SN0,

18 mm

RF output

Inductor

18 mm

RF input

Fig.4-4 Detailed layout of the RF block top layer.
(R1=51 ohm, R2=16.9k ohm, R3=110 ohm, L1=10 nH, C1=4 pF, C2=1000 pF)
X 4-4 RF 70y 7 OF1IEOFMLAT T b
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43 100 MHz DT 2 NVEBICE B ) 4 AT

AR TIE, RF BB OEER M 1.83 GHz (2% L T3 &V 100 MHz OF Y
A E D RE BIRIC G 2 BE L, 20D ) 4 XFHA = XL ONTREFTL
Te. TUZIE TR EMRICNE LT ZBFE 1D 5 RF FIEOANBEIZIEAT S
Z &2 & o T, BEANEL 1.83 GHz iLfRICT X NG E R EE SN D BB E
R =z,

4.3.1 HIER

4-5 [CARPERZ T, (555844 (Agilent £ 8720ES) 725 LNA |2 RF
55 LT 1.83 GHz DIE A AN ) L. £DOASEINE-15dBm & L7z, =
D JE ¥ lE GSM  (Global System for Mobile Communications) T X415 J&
B o —o2b L TEE L. [FKRIZ, L2544 (Sony Tektronix ft
AWGS520) 57 ¥ X VERRIZ 100 MHz OSETEIRE B2 AT Liz. ZORIEIX 2
Vpeak-to-peak & L7=. ZAUIT v I Nz ROT UXVEREZFEE L TRE L
7o, ERREtob L, A7 T AT T A4 (HP 1 E4407B) % H T LNA
DN ZRE L. ZOHAZIE, Ak, LNA @ RF HAESFOHDPEET D
XTTHDLN, BN TT VX IUEENREF 7 vy ZITRA LSS, T4
FEEPRATLZ LIRS, £, RUMELERT 512H72D, DCH Yy DT
b, AT NT AT F T4 DOAIR— ML DC Blocker (WEINSCHEL fi:
Model-7012, 500 MHz~8.6 GHz) % i L 7-.
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Pulse Generator
(100MHz Rectangular)

Signal Generator Digital
(1.83GHz Sine) Input /

RF Input
)

Spectrum Analyzer

N

RF
Output

DC Power
+ -
Supply

50-ohm
Termination

Fig. 4-5 Measurement setup for EMI experiment in the case of 100 MHz clock.
4-5 A ZFHBOWEFR : 100MHz 7 v 7 AJ)

4.3.2 HIERER

X 4-6(a)~ (c)IZHIERE R A 7T, Kol CIiX72nas, JE#k A, B Tl 1.83 GHz
DY — 27 OB O — 7 DEET D, JEEED 1.4~2.2 GHz O#iH T,
A T, 6 50 —2 (143, 1.53, 1.63, 1.73, 1.93, 2.13 GHz) 235V,
BB T, 4 o0 —7 (1.53, 1.73, 193, 2.13 GHz) BdH-7=. ZIHD
B — 713 100 MHz O & TlIznWiz=, TUX VG5O EMENE D F 8]
SN2 bDOTIEZRW. Z 6 OJEWE X 1.83 GHz @ RF {§%57> 5 100 MHz ®
BEGEEZRT, BLIBIWELDOTHSD. fHilxiE, 1.53 GHz ¥ 1.83 GHz 75
300 MHz 5| Wb D THDH. ZDO X IICRFIEFOHBGICH - —7 BNAET
HRIANE, REGEETOHNMEEN INA DR TV PAXNTIF VT ER
-T2 EEZ2D. 20K D7 % 7134 BEZFH (Inter-modulation) & FEIXA,
TP AXDIEBIEIEIC L > TEEND Z ENML ATV H[4.8].
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Fig.4-6 Measured RF output of the test boards in the case of 100 MHz clock.
4-6 7T A NEERO RF HARIEREE © 100 MHz JETREA T D56

83



B 4-7 ZHHWTCTHAELERIZ LD ) A ZATFWWA D=L %01+ 5. 7 VX NE
BOEME al, a2, a3 A RF LK ¢ L0 L +0IEWEA, 2 o&EEs
ZFOFEFE RFWEFBICHEEL 525 Z L1320, Lo, 26 OEMEL LNA
DANBNAT N OFEERKEZN L THREAT D &, LNA O kT P AZ OIEHR
LD, Fiiehe—2 E LTAERD. ZhbDE—21%, =ExIE, c—
a3, c—a2, c—al, ctal, cta2, c+a3 THD. LA, XH Tl a2 % a3
F0b/hESLFEER L. B A, BOREMRRETHRERREMZ R L. 24Uk
TIUEIMETNT 4 —T 4 —H 50% DFEIT TN T2 8O T, REIK O @ik 23,
B0 A9 AR OERE LY LS bz ickD.

re
—

7
1 I
I 1
I 1
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1 1
U \

o o ———

Fig.4-7 Inter-modulation between digital and RF signals.
X 4-7 T HNMEF L RFEFIT L DHELEH
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433 ) A AFERA I = X LDFRENT

EWA THECTHZR2E—2713ERBOZNLY b REWV. ZOEZHRFT
HTOIZ, FTHNRA EFEBRB OLAT U FEFEMICE L7z, [X 4-8 |Z RF
TuyETOFEIBEFABEIR LR EZRT.FHIEIERT L —E,

Fa4BIIEFETHD. HBMLLTLTH201L, 22T, B3BERY Y
ANV, FATEERT 7 4NV A ERRIE TR R L., B A TIE, H4ED
TUXNERPE 3 BICHLIERT L —r EICER LIEESEO A0y N & E
ESEIOICEEINTWD., —F, BB TliE, TVXVEBRRZEDO AT > |
MOBENTRE SN TS, ZOEWIER L. 2Ry ME, LNA OA
TPEESRIEICHON BTV D ERNE S v N F OFEREEZ /NS LT 572D

CRITTELDOTHD. 20Xy XU OEMITFE 1B EFE 2EIC %n%n@a

ZOFEREEFHTIE, FB2BIZHLIF XY NV XOEMEE 3 BIIHLEBR S L —
VENERET A LI o TAETHREREZ/ NS T DD ,_@fv~y
D, ¥ ¥ /U X DEMEFETHABEICAT v FEFRIT TS (X 4-3(a), ()BH) .
ZORZZESmmXS5mm THY, hSWNHLDOTHHN, FEKA LHERB DL
AT MCTHRbRERELR STV,

(a) Test board A (b) Test board B

Fig.4-8 Layouts of the third and fourth layers under the RF block.
K48 RF7ry/7ETOHEIE, F4EL ATV R
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Moran 5%, [ FECRNBET 577 0 R L—iidH b Aay he 02
BB OBREREAIZOWTHEER L TV 5[4.9]. BEEEMN A0 v M &2 = <HA,
ZOEFEEMOZI L =R Any AT E, 20K, e LiAn
v NBFFEOBEECHIEL, I v 7 ARV T Ry r—UNT /A4 XF
a7 H2b0THD. LnLaensd, ZITHOLNE/EEREIND A D
SRALTEDEBZXD. Any POKREITT VNP RFEEOERICH AT
SINEWTZ, Ay MIFHIELARAWLLTHSH. Axo vy OFEBEED¥45
1$10 mm TH oz, ZER[APT, ORI THERAZEZITHEEERIL 15 GHz ThH
v, SRR L-ARERMEIOTRICHLE L THLENN2 GHz ETHEL D Z
E7RW. LTER-ST, HONCINEERAI=AL LR LN THATE
L. TUZNVEBBERTLV—VEIZbD Ay haElnwlE e X, ZOEMG
DT D RN DO X ¥ U X EMEFEAL, TOMORERAICEL- T,
TR MMETN RFBEIBIIEALTELDEE X 5.

! Digital (Clock) I
Digital :
Input \50 ohm§:

Capacitive E&&ﬁﬁﬁ&f; """ '
prm = = | ______
: I Tr.

1 X i
' |||,l £
R —_ RF
RE % Intermodulati Output
Input ntermodulatipn :
; Bias Circuit J—ES !

RF (LNA)

Fig.4-9 EMI mechanism due to capacitive coupling and inter-modulation.
X 4-9 KEREGEMELRICLD ) A ZATUA T = 4
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X491, ZZTEXTNWDL A XFUHAT= XA%E,E&&)K%@TE%%)
Af@OTVENEBNEIBICHL Ay hEEVKIT, F2/EITHDH LNA A
NEEGEEEO X v N X EMEFBEHAT D, ZOMBICETRALLETY
ANVAGEII RFIER & —fEIZ/R > TILNA D F T VAKX (Tr) DATTEIZAD,
ZOWEZNED T VAL DR L >TIF 73, Loy
— 7 H B NIERFIEEND INANGH N ENTZENI D THS.

RF &I RFE S OEEICT — X 28HETHZ & THEMREBET H720, RF
FEEOBBICZOX ) —s N4 T 5 L RFBEREZZTDH. Z OEBRLE
R, ST ARYT TN - Ry =BT, T UVXMEEOEEHN RF
B DB H AT SRNGETY, T VX G S RF BIRICEEL 52 5
AREMERH D Z 2R THLOTHD. £, ZOMEIE, BRI L —EIZH
LIS Zm Y "R, TV ZNEER RFE 5 OREEIC A0/ NS WSS T
b, TANT TVHIVRF MORGREICRDZ 2R LTND.

—F, B C TIX, 20Xt —2134EChotz. ERKC EZD
MOFERE DS KERFEVL, TOVXNMMEERMNBET 2N LTI T KT
L—rBEERTL—VEEELS DENIH D, ZORBICEHL XTIV L
BN RFEFICITEVWEGA E L CIRE CTHEMICHERT .
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4.4 XHANNVYEHBOBRHKRICELSE ) A ATH

AREETIX, RF BB OBMEREEIE W R T ¥ 2 G5 O @ik &
LCHEETAREDEEL, 2O ) A XFWA = ALIONWTERLE. 7
CHNEBRRNER - T R L= EhEEl itk o T, TUHXIVERF
DOILHBIRARE I L TT VXG50 RF BIREICIR AT 2 BIG D R S 7z,

4.4.1 HIER

X 4-10 ICARERZ RS, T VX MEFOEMIED RF 55 DF 1 &R
CHED /) A ATWEFHME Lz, JeDFER LRI, RFEEELT, —DDfFE
RIS 1.83 GHz O IEFLH E 5% LNAIZATIL, LNA O 1% AT b
TET T IFAFIZTCHE L. ZOATEINE-15 dBm & Liz. T & FREIC,
B SV ARARERNDLRDVIZ, L) —ODEFRERND, TYXNE
HFOFRMEDO—>L LT 1.95GHz D IESLIE B E2T VX NVEMRICAD LZ. %
OIRMEIE 50 mVrms T, -13 dBm ([ZFfHYS T 5.

Signal Generator
(1.95GHz Sine)

Signal Generator Digital
(1.83GHz Sine) Input/ Spectrum Analyzer

RF Input
)

-N

50-ohm
Termination

Fig. 4-10 Measurement setup for EMI investigation in the case of 1.95 GHz harmonic.
4 4-10 /A ATEOWFER : 1.95 GHz HiadiE AT
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Fig.4-11 Measured RF output of the test boards in the case of 1.95 GHz harmonic.
4-11 7 A bEERO RF HARERR © 1.95 GHz Mg A ) D56
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4.43 ) A AFYRA = X LDEN

Ay NN LI ) A ZAFTEREO BN EZZDD, TALSND AT =X
L BOTTHT =0T VX NEBROIRKERICER Lz, K 4-12 137 A M
WA, BOWHHIK THY, 7V FNEFOIFRKEEROBE I TR L. 2
@Jﬂﬂut BIEE, B 1BOTUXNAEBRIIHL, HB2EBI 7 R L—rEERR

B4 BOBRRICH L, B3 EERSL—VEERND., TOEH, ETO
*AT%%%ﬁ®%%ﬁthLio ZOX D RIREEROSWNIL, b 2
Ko7 —rBHOBEEMIET 22 E0NMONTEY, Fl, Zhbs7L—
YV E TR ST 2 EIREE R O SR JE & TVyWﬁﬁ@%%&ﬁ*
BT 2556, ZORREENPRESSETHTLZ LML TVWS4.10].

-1 = <= Signal
] -..--.--.“Ground
RF
MQ‘.IIIIM M «Power

<«-----+ Return current

Fig.4-12 Discontinuity of the return current path at the via holes.

X 4-12 ©ET7 A= X BIFEERO S
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Fig.4-13 Coupling between the digital and RF signals through the power bus.
4 4-13  ERMAERZE LT VX0 & RF OfEE

TDAN=ZRNEHRTHI-0IL, T A MR B IZBWT, ET7HR—/LDF
SIERA L E—F U ADF v /3 X ZRlE L72[4.10]. LY, JREERO
REALEZDZENTED. W44 1T ZDOEFEEZIT- B OERHK TH 5.
0.1 uF OF v FX ¥ XU H & 250 T OiHIZ 1l >, Art4HE#HL, &
¥RV EZDOEMEENENER T L—E, 77 RT L= g e Lz (M
l(a), MZM). ZOXF ¥ XU HIZLDA LV E—F  ANERMEROA L E—
B AR TN WA, BREELAESII/ NS 20, IREBERRE b i
Eha.

0.1 pF Capacitors

/ \
ﬁ +— Signal
M B <— Ground
RE M +—— Power

Fig.4-14 Connections of the return current path by using capacitors.
4-14 ¥ v XU F & O TR E TR O #2k¢
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4-151F, HEWBICF ¥ XU X 2 LIBEORF HAITHD. X 4-11(b)I
RUTEF ¥ SO X EAETOR R E T 5 &, 7 2 X AF 5O @R s 1349 3
dBIXF L7z, ZOEIFFEMB LK C DEWICLDZE, F15dBIZHET/HE
WA, NS, BIREEHAREN LT P HE S RFEFKICES LTS 2L
NHING.
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Fig.4-15. RF output of test board B with capacitors: 1.95 GHz harmonic.
4-15  F xS X EHER L7 HER B @ RF HDHIERSR © 1.95 GHz [R5 ATy

SHICFELLSEREHRREN L TT VX MEEMN RF BIEEFEELTNDH D
EERFET 272012, TYUXNMEMROY X —ra R, Tibbh, S KiFHEE
HELZ. B4-1612F ¥ X ZHD 7 LICBITH ) Z—ru ZORERREL
R T U IVERITEE A B — & A% 50 ohm IZEREF L TWA T8, Sl
I 1~3 GHz O#iPAT-15dB LA F & {EVMEZ /R L TWD. TSz, Fv/3v
NI EE, 1.95 GHz & 2.75 GHz IZERAE R OILIRIC L 5 v — 27 3@l =
TS, ZORRIE, BEERHROT 3 LF—73] T&Téﬁiﬁ@t?ﬁ%%&%é\b
TWDERTFZERLTWD. Fo, Ty U HHEBHIC 1.95 GHz TOE—7

T 3dBIE F LTV D, Z OEBE, l415@ﬁ*%&ﬂ%ﬂ“f&>ét&> N
ﬁ%@%é'i%ﬁ%ﬁ@f‘%é.
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Fig.4-16 Return loss of the digital trace in the test board B without capacitors
(thick line), and with capacitors (thin line).
4 4-16 T VHNVEMOY X —rm R
Fy N RL (KB, Fr v 2H0 Gl

X5, BIOAENSORKEFE LT, 1.95 GHz I8 2 BIRME RO HIED
R ZFARD 7201, FM B TfF OBFSRE 547 2 0E L. REEIZ TR
7'm—7 (NEC BZ2 77 A% . CP-2S) W, K7 m—7Z X5 ED Y
PRI SCER[4. 1S CTRERR L TV D, K 4-17(a), (DISF ¥ /8T X7 L,/ B Y OFEHE
Y. TGOS D y FmpiaaR LB, RO x TS
YT 5. R TH-o727 A FNEROEK T, BIMOEEENHER TS, &
WOET (x) FHHNZHE N & PO TERS RN ERD L D72 1 HEEOEMER
DR TE D, KERTD, 79 R7L—EFHMOE Z1Z 100 mm, EBIF
TLU—REFHFMORE ST 83 mm, EBRMEOLFEERILI2 THDHI &b,
EWR 7 L= OEFFHOES 83 mm 2L - T, £ 1.95GHz IZBW\W T, AEK
HAERN 1 WEOHIEAZEZ L TWAZ LN THTE S, v v ZHE#HIC L
D, HEWREORRBREORAMEN 1 LY (5dB) IKF LI End, Z o
2k, BEMEREGETS 1.95GHz O NMET L, TUF LT ay 7k
RF 70y 7 ~D)AXHEBIRT LD EHERTE 5.
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(b)
Fig.4-17 Near-magnetic-field maps above test board B (a) without capacitors and (b)

with capacitors.

X 4-17 Fot B OUTEERER 50+ () ¥ 30 F 7L, O)F v v 2HY

95



45 BELEBEISNIRE

VI EOREHE RS, WETLEBRT L —Eo/hanArny h&HLTT
TH NG ED RE BIFEO AT BITIRA L, LNA OAERHIC L >THEL D /A
AFWE, BRIV —rBET T R L —VEEBELS T VX AERMOE T I
KV, FUHNE RF OHEERMIERBBIRLIZZ LI2LD /A ZFHIZHON
THER L7z, T 637 ¥ H VB O Ji I BRI O R A3 R IK & 50tz
HIENTED., 2D, TUVXNAVEMBPRFEREEELLS &b, T4
IVECHRR D) BRI DR S TWAHEM C Tled / A AT/ E oo
Tn5.

LInL72Rsh, FEEORFTIE, BRASBOXIIRVLAT U FEHIDND
ALTEZDZLFHELY. SRR OB ThHoTo/h & Ay FRETIC
KL AR ERRE O W& BT 2 —>DHFikE LT, FEOIET VX VAR

WCEBREFREHWDZ L E2E X TWD. 25T i/\?ﬁﬂn‘?@—ﬁ (AT

DIFHEEIRD L DR DT80, BT 220 vy MRETIT X DR s E
WECXDAEEMEREHNEEZEZLNLTHSD. 4-18 |X RF 7' & V?OD—F%ZL
BlAR DS ZEELHR DT A M EMRTH D, 53512 FPGA (Field Programmable Gate
Array )& I\, Z8)E 5O —FETdH 5 LVDS (Low Voltage Differential Signaling)
DIESZRF7 0y 7D RIZELIEERTHS. 20X 57327 2 Mtk v
ZET, EHEMBRICLD A XERERDBERTE D0, SBBET L TET
H5.

=
=¥
=

=
3 pairs of differential
signal traces

Fig. 4-18 Mixed-signal test board using differential signaling.
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O FUXNERE, RF EE T2y 7 2 F 72X 5 ICEE LRV, RFE (A
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RE LT Ezﬂi{*mibé LEEE L ETHRET 5.

4.7 LTV

ARWFFETIE, TV FNVER &, ERNEZ B2 V- RF B 2 R E L 72
Sy I ARVTFIVSOPIZBIT D /) A XTI ONTHE Lc., RERE R
H2ODAN=ALEHLNT LT, —2I%, 7 VX IVEZOJEWEED RF 55
DEINHEARF RS &b, LA T ¥ MZX > TRFRIEDOANEIZT V¥
MEEDRANT 5 & RF BIROIERIER I L > THAELEMAAE L, REEFIC
WRBEHEZDE 97 ) A XTHTHD. FBIRNES v /3 % % RF [BIKICHW
BEIIE, TOX vy /XU X OREMEEFO - DI T T/ hEanRra y hH T UH
NN EEE L CERC L, /A XBARKICRDZENbroT. 9 —D
1%, TYXIMEFOEEEN REE SO EEWGE, 7Y% /LEEE RF [H
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ZEMbhotn. A%IE, TOAB=ZRANLEZLND ) A RMEWEEHTE
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HaE 7 /7 VIR SiP O BRET KRR S E T

At O 8RB O M E R B R w7 W v 7 A R 7S SiP
(System-in-Package) D EILUZMIT, /A A FHOD70, @in'E 755 % Bl
T DO DOHFEMMOMNLB NI L 725 TS, AW TIE, Iy 7 ARV T
F IV SiP D—fFil & LT, EARAAMESRAITEEEL, SIRLSI E A -7 7
LSI ZR# L7= SiP i {E L, 1§ 5%x /A Xt (Signal-to-Noise Ratio: SNR) % f&
L7, ASiPIE, BIRLSIZ AL —h T 7 LSID By ) 3 A_—H %4
LCHEL, YEERTF v T v X —R—VEREDOMETA Y —R T 1~
JLIbDOThD. 2FEOA ¥ —FR—WEMREEH L, —DITEHR 1 JE
DRIV AIRT—=T, % ) —DIIHEARN 2 DT T AR ¥ U FRE W,
AE—HT T LSIDOHTJEIEN 5 Vp-p D & &, A SiP NOF P LSI D SNR I,
PR LSI KD SNR & 2800 v o a3, [WHIEED 15 Vpp D & %, SNR
K15 dBHkT252 8, 1 V&—f~*fﬁ%$}i% 1EORIV A I RT—7¢L L
TGe, 2BOH T AR VEMRE LI AT SNRIZK 1dBEDHZ &%
%6#_L1w5.ik,/4xﬁk%ﬁénkxt—ﬁ7/7L$@Dom:
U N—=H L DRT T TNV L CEMESE-FERICK Y, AR SiP O
SNR OHLEKR DB DT Sl H T e xaEE DTS, i, ZZTHEL
AT FN D HEREHES 28N TN D,

51 FAM”E

SiP &1, B D EKT v T h—oD Sy — DNICERELT 572D DR
Ry r =V TEMTHY, BF, T Ao/ N/EREIZKRE <EHBRL
TWa, kb M7 SIP IZR_N—ANRVRILSI L 7T vy axA®Y, $ LT
DRAM AEVZREHLIZHOTHY, H-MREEHEFILFHINLTND
[5.1]. 5 %%, SiP <° SOP (System-on-Package) [5.2]i%, T Y ¥\, 7} a7, RF,
MEMS (micro-electromechanical system), A7 b=l 27 hm =27 X, A FpL
DEFET NA AL T DD DT A AT Ty b T4 —LELTHELT
WS ZERHIFFESNTWD. N T UV REZDR—Y T OYEN R RO
FHRBRA N R Z TEIMES, BT S A ZEH SiP I v 7 A R 7)1 SiP
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L LR O AR LT KR NETEE 725 TV Tt B 5

Wire to Wire Chip to IChip Trace to Trace
| /

Fig.5-1 EMI problem points in mixed-signal SiP.
X 5-1 v 7 ARYZ ISP TPHEINDERT W

LINPLN D, —DDONNyr—VRNILT a7 Fy FPRRFTF v S a7 V4L
Fo XL TEBEE LGS, B A ALEM T (Electromagnetic
interference: EMI) DORENIEE LT < 725 [5.3]-[5.6]. X 5-1 1T L 91
BT WIIELEERT Y TOUA Y —H/], 142 Z—KR—WFERNOERRME, &
WZIZEERTF » e ETHELD Z ERTRRIND. R, BET 5 EERT
v TN UL HIEE, T v —RT  TRNERE L, ERTSIERE
KD ETFRREIND. 5%, MERI Yy 7 AR 7T SIP 2% L T 7o
DITIE, T OEBTHSCER ) A XAORBEE R T 2 72 OGN 2 fer L
TR B 7220

FIZTC, IvIARVTF ISP O—HilE LT, BAA MG RITEEEL,
EHIRLSI & A—A 7 7 LSI ##/E L 7= SiP (Sound source and Speaker amplifier
SiP: SS-SiP) ZfEL, B TUWIC X HERFELILIT OV TRE L7Z[5.7]. 2
DA o H—R—YEMEEH L7 SS-SiP IZxt L, AV —17T 7 LSInD
HIR LSI ~OEMTHWETRL72012, ERLSIOT VX Lv—TFnar - ar
N—% (DAC) DI 5%t/ A4 Xt (Signal-to-Noise Ratio: SNR) ZH|E L T\ 5.
I, T2 THRLATMEND, kHz kOB ) A ANRTREINLT /7Y
R#ES 1 POREFHEHZENTWD.
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5. 2 SlP n+

X 5-2 1%, WIEL7 SS-SiP DA A —VKTHDH. K SiPIE, HJR LSI # A E
~ﬁ7/7L$®L YU AR—HENLTHEE L TND. 2 20F v 7
ReT 4 T —%flioTA U H—R—FEREEF L TWD. 2FEOA
A —R—=PEREEH Lz, — D3RS 1 BORVAIFT—7, &9
—DIHIEARN 2 BOT T AR VERTH D

Sound Source
LSI Speaker Amplifier

LSI

Fig.5-2 Image of sound source and speaker amplifier SiP (SS-SiP).
4 5-2 BfFE L7 SiP (SS-SiP) DA A —[X

4 5-3 1%, SS-SiP D7 v v 7K THDH. CPUPLDEFE S LT, H
LSIN® DAC ODEFH 1 A=A 7T 7 LSI D D #k7T > 7 D F = A SNkt
L, 707 O N A —=RTH T HZ LT, TN MR TAY— DL H
PEEREN T2 Z N TE D, RSP T, BIRLSI OFFHEIIEAE—DT 7
LSI O FH =AML, DMHD%R%MET%K \Z, AKSiP DA THfi T 2 K 9
L7z,
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Fig.5-3 Block diagram of SS-SiP.
%] 5-3 SS-SiP DIERET 1 v 7 [X]

A SiP TIXT A ¥ —H], 4 % —KR—FHNOEHRME, 8k T »~ 7 CEMT

WRTELEITRIGRWNWE DIEE Lz, FRICHER LA 2 o8 kTF
Yy ORI T a Yy 7 OMNERBRTHD. BT ay 7R REDL LR T 47
TA X —RA L F—R =P EBENOEBEOL AT U EPNIIERELTDTHS.
X 5-4 1ZFPELSI & AE—H T FLSIOEIKE T 0 v 7 2 ERZERXTH S,
B LSLIZE, I/ A X &% 3073 WaEEK E LT DAC & PLL (Phase locked loop)
Eohi TS, —J, AE—hT 7 LS, BEBEN 15V p-p, EEEIEK
mﬁﬁmhf,/4x%%éb@ﬁwmnm:/ﬂ~&kDﬁ7/7%am
TS, X 54 BN O REF LT ECIRE Lo ELE TH 5. Z DO H T DAC
Nt ) A RIZHBURR B T D128, ZOEEK % DC-DC =2 "—Z L Dk T
TN TELEBETAELEIC L2, — 5, PLLIZDC-DC 22>/ N—X LEHR D,
ZORDY, WEEORT 4 T UA =R TELETEELRNEL S IR
=V hEE LT
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Fig. 5-4 Layout of circuit blocks on chips.
X 5-4 BRIZAERT v T OB

X 5-5, 5-6 1%, TNEN 1RV AIRT—7, 2T T AZRFVHMBDOA
VE =R ERE NG EDO RNy r =LA T U N TH D, T—T DR
E0.10mm, TAHRFVEHRDOEARL03Imm & Lz, iz, 7—TTONRy /7
— VA XX Tmm f, THRFVERTOYA X T 6mm AL Lz, 2BTRF
VEWDOYE, VA Y —DRT 473y K% BGA (ball grid array) DOH |
T D Z ENTER, 1 BT —7084, BGA OIMANZERK L2 TniE
BT, Royr—=IH A ANRKREL otz BRI, FIR LSI OF v 79 A
AE27mmf, AC—AT T LSIOF v 7 A XL 28mm 4 TH 7=,
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Fig.5-5 SS-SiP layout with one-metal polyimide tape.
55 WU A I RTF—7 % L7z SS-SiP

e

T,
g i
'

1 | RS 189 )

5-6 HT7 ATRFHEMAZEH L= SS-SiP
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5-7, 5-8 1%, 2 FEE DA & —R—VEM A HWTHIE L7z SS-SiP Dk
BETHD. RXuyr—YOESL 05 mm By TN ZR—ILDOEIEEDT,
T—7 DA 1.35 mm, FAROLAIZ1.34 mm & 72> 72 LSIDOE A3 120 pm,
VYA AR—YDOERIL 80 pym & L7z, U a3 A—H I T D E AR T
ST DRT 4T IA Y =0 EOTF v 7 OJEH &l Lo DI AL

Fig.5-7 Cross-sectional view of SS-SiP with one-metal tape.

X 57 1RV A I RT7—F %M\ 7 SS-SiP D 55

Fig.5-8 Cross-sectional view of SS-SiP with two-metal board.

[X] 5-8 2 J& =R T Fib & H V72 SS-SiP D Wi 55
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53 5 A MEMK

X 5-9 1% SS-SiP @ SNR HIEIC W=7 A MEERTH H. AL, 6 BoE
NWVRT w TERTER L. A=A 7 7 LSIHOT A FMalid AR o |3
JEOHRAFITICEE Lz, —F, HIR LSI HOT 2 MeliIIARIERDO T 3 Bo
SMVENCELE L7z, SO X 9 IChRRE L Z 312 2 L TF XA MERWNTOD /
A XD AR EFHNTZ.

W2, DAC O IMEZ DR ANZ — 0%, Bl A X &2 S5 0 EEIC L
7o BARRCIE, REBEASZ—r o EFEEmMMANC Y T R7 L— Uik A i
O, IS, RERAT — 2> C2~4mm By F DT T RET 2FAR LT,
FEAR N Z — R — 7 VD X I T T RRZ—THTrZ & T, TR
RN O EIREFELB) 72 & DA ELO B Z T I W ERIC LT,

Fig.5-9 Test board for SS-SiP.
%] 5-9 SS-SiP D7 A ~FAK
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5.4 SNR HIE

IR LSI @ SNRIZA—7 4 47 F 7 A4 % (Audio Precision System Two Cascade
plus, 2722A) Z AW CHIE L=, HIR LSIIZx 5 13 MHz DAV Z v v 71315
A A% (HP8642B) IZCAN L=, —J, HIE L7 SNR O KME (SNRyax)
I%, 997kHz, -60 dBFS (decibels full scale) D ASIZxT D EEmAMPEES /A X

(total harmonic distortion plus noise: THD+N) D K& A FI v 7 L2V E LT
BIE LTz, AJMEFEIy & 16 kHz LT O TO @SR ERLLKSY, /A X5y D
ZIRMONWITARIZKT U, @RSy, /A R D RO IR O L
RBEWSTETHD.

B4 5-10 1%, B LSI F v 722"y r—I kL7 b DD SNR THY, K
5-11 1%, =ARFTEMREH W SS-SiPIZxf L, AE—A 7T 7 LSI OEJRE A
ZIZL, BRLSIZZTZEfESE7REETOD SNR TH 5. 22D SNR IFIZIE—
HELTWD. BISHENT DT —7 % AU 7= SS-SiP D SNRpay 15-85.4 dBrA, -85.7
dBrA TH Y, I LSIF v 7122/ r— b LI b ODRER ERERED
R ZORERNG, N TRRICE D RERFFESITRN T E P ERTE 5.

o [ | [ ] Ap
-202 SNRmax: -86.649 dBrA

A0 F

80F

> - e

a0f

100§

-120

g ELLLLLLL DL P LT L
2k 4k Bk B8k 10k 12k 14k 16k
Hz

Fig.S—lO Signal-to-noise ratio of single sound source LSI.

%] 5-10 PR LSI HAD SNR M| E#E 5
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Fig.5-11 Signal-to-noise ratio of SS-SiP.
X 5-11 A =77 > 7 LSI 3 EIRA 7 T SS-SiP ¢ SNR I E R AR

X 5-12 1%, "YU A I FTF—7%H\ 7= SS-SiP ® SNR O—#ITH 5. K@)t
A —=HT 7 LS OERP A7 O, HONIAE =7 7 LSI AL —
X (REC) £— FOEFE, He)NEA—H (SPK) £— ROBEORERIETH
L. AV—HT 7 LSI OHEREIE, REC £— FT5Vpp, SPKE— RKTI15
Vp-p £ 78%. REC F— FTI¥, SNRuux HIGITEE T 7228, SPK £ — FTILME
HTERMo7=. SPK F— F®D SNRpy 1%, REC E— KRLAE—4 7 7 LSI
DEFRNF 7 DOHELY K 1.5 dBHELZ. 2D, Ke)DREKED ) A X
LoULiEK(a), )LD BENRDBS EA LTS, /A XRELTEZLND
DC-DC = /"= Z R D #h 7 7 OEMEE R 3K 700 kHz, SNR O 7E & 5K
HiPH2 ~16 kHz & B BEHE S EENL T 512 b b 59, SNR I L7=.

109



——— Ap)
SNRmax: -85.7 dBrA
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(a) Speaker LSI power OFF

+u [ | | [ Ap
f SNRmax: -85.7 dBrA

P O
&
=]

(b) REC mode (speaker LSI output: 5 Vp-p)

m l l | ] "‘Ip
2t SNRmax: -84.3 dBrA

P Do
[l
=]

P _I. A L h p |I !": R J A i L kY T
pag ELLLLLEC L L

2k 4k Bk Bk 10k 12k 14k 16k
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(c) SPK mode (speaker LSI output: 15 Vp-p)
Fig.5-12 SNR of SS-SiP with one-metal tape without and with speaker LSI operation.
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Fig.5-13 SNR of the two versions of SS-SiPs without/with speaker LSI operation.
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Fig. 5-14 Block diagram of speaker LSI and test board.
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Fig.5-15 SNR of SS-SiPs against EXTRA VOUT.
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Fig.5-16 Detailed layout of DAC input terminals
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