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PCBOI AOM £5 BE UZ Jisd 1 MY
Embedded Passive Technology and a Case Study of Application for PCB

HEMIE A4 R DHS

1. A8

1-1.PCB Jlz &

MIatHe S8 (XEs, WEKIDS 0N Jierst 2HI2s2 HEs &40 S836tD UAs 2
S 410101, Br M, Package, Mobile 217], LCD St & E PCB HMEBWAM MZ2 JI&82 7612 ULH
CE SHSHO HE HS2 Ys MRS IH/2Y So Q7 NS UCH

£ & High speed 2 A5 A& E 280 High performance € 2t= PCB J} 2R3, 0IE ®dal NS

A

&
Z WSE 2 UL Passive 5 =8 LAAMHA B & B0 A RTIE total cost E E0I13, Noise E
2 Z4LA310] ®ch PCB &0l Capacitor Lt Resistor 8 L& 8= Embedded Passive Il E Al XHAICH
PCB o &R WHMOICH

PCB 2 impedance matching 2 0l0] 221 H=2H OI0ILAXN A FHI20= HY Z2E PCB GIA
impedance matching 2 Z4£=A80 TR D impedance &f 27 tolerance & G tight 8t &1 QUL
Mobile phone 2 ME2Z XZE Microvia = & pitch & CSP 2 12 Hol 2E Z20t0iA O 2371
B9l ALCH

SHAM st ZAO HXO 0 @2 MO H20 et e AlY o PCB & aZ0 AI8&H=
solder 2| lead free 2} T4 A0 & Jls401 A1, PCB YAl lead free soldering Ol CHS517| 256H0
rTUHESEE 2= XM HE, £5 Finish Ol ist M2 RFE BTN S22 UCH O UOHIIME
PCB 0l A2%Z= Br, Cl £9 halogen H2l SZES MEEZ = ppm 0l8tZ E0l= MEE ML 2+
Jb 2 MO 90 UL

1-2. Embedded Passive Ji& MR

PCB 0l &= 2E2 W&s= Jl&(Embedded Passive Technology)2 & MZ2 JI&& OftLICH
1970 W { 2, terminating resistor 2 Ni-P H g 222 0/25i0, 2EH 28 A0UE PCB U &8
S OAEIJE UCH 1980 W HOlE Glass-Epoxy(FR-4) JITHS) 243 =% M2 460, 0f ¥30!
Bypass capacitor 8 &g = ZBC-2000 220! 0129 Zycon(8X Sanmina & S)0A MHYE
Of HEDD AD, 22 E0 1O A0 St UCH 0] Y capacitance S0l HE2 HHEHE It
D p, 1 S35 8542 =20 1 AXY, M HE g0l 2 E8EE ) U= Embedded
Passive Device(018F EPD) 21=0ICH

Resistor, capacitor. inductor £2 #= 2E8 PCB W=S0 WXsl= Jls2 EPD JI=0Ict GtH,
EPD £ =280 250, 1)SMT space E E0 PCB o &M X 24D Jsdtl, 2)F @i
BHA Ol JIs8t D, 010 @2t AlS switching Al 2 M5= noise E A8 £ UCH J)ES M 28
20 A0 Ml AF AlZ-0l AEID, solder joint JF M0 RO @2k solder joint HIM Z2&6H=
SHE siaz £ UACH J2dLt 01 2 HHNT S76HD, ZBC-2000 01202 EPD o 242 WX
Ct. &8t 7BC-2000 & =22 012 |IT 219 31201 2t 11 M0 S AUXCH, 258 o
M2 ZSii=s ©0oIX oD UCH H2 U Set maker = NCIst EFEE EL88 ZBC-2000 2
J12 20 ZBC-2000 2Ct=, MZ2 PCB 2 &AM AN A, ©X Ground 2 Power zH2| Z
12 A 810 AXO M52 2D UL L& ZBC-2000 2 capacitance B0 M HLEs
BC-2000 & 4&S HMstatD AL
b, X2 PCB OIM A& &z 59 DX30 e, s8 2

HH& 0l 22 8= inductance 2t ¢l E80 83 0IXls Ol 2MJt <, XY 4

9 SUHEI0, PCB Ol =2 AXE2 WHSH= D129 JH20l 24X MO SIACH

HME EPD ) E28 U EM, 2t EPD ¥ process S2 JI=61¥ D, 23 UYHAEIIOF HEGHD
PD JIEIO JHY SES AJNSICE OI=22 EPD J1& MZO AOAMS 4 ZHH HeIH Jis&
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2EPD 7lEe 8 B
o 1 2 FIJI%(mother board)Ml EPD PCB & MEE AIJI0 HEH set maker & @7 AMge=2 &
ITi{(interconnect Technology Information)0l X AFSIH JISSO/PROTEC Forum Japan OIA 2003 &&=
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2ES NI&SO0ICH  Cellular phone PDA, Digital video camera, Wearable product § A& HE2Z T
HEo HAZ = N3 32 WE ALY WA EPD JI&2 WEBOHIIE Rdl= H2E ZAMEJL,
8 D& ME0| SRS High end server €Al WIE EPD 21€2 XTI MEBES sUdI=E HOZ LIEWY

T 1. Mother board 0l £ W& PCB 9 IE AlJI (Ser maker R7)

Passive Active
Products
C R L Filter Memory Logic Linear
Wearable Products 200549 | 20074 | 20094 | 20074 N b £ e

Portable Audio Player | 2010¥ |04~064 |05~06%1 |05~06 |05~10¢ [05~10¢ |05~10¢
Cellular Phone, PDA |04~104d|04~10|05~10|05~10 |06~12 |06~12d |06~12

Digital Still Camera 20074 | 20079 | 2007 | 20074 | 20124 | 20124 | 20129
Digital Video Camera 20054 | 20054 | 20054 | 2005¢ | 20104 | 20104 | 20104

Note PC 04~104d |04~10d (06~10W|05~10d| 8I& ownaE s
Car Navigation 20084 | 2008¢ | 20104 | 2008 | 2010 | 2010 | 2010¢
Engine Automotive 20104 [06~10¢t| 2010 | 2010d | 20124 | 2012 | 2012
Digital TV Set 06~08¢1 | 06~08%1 [06~10 [ 06~08 | 20104 | 20104 | 2010W
High End Server 20054 | 20054 |06~10W|06~104| 20204 | 2020W s
Desk Top/Display 20064 | 2006t | 2008W | 2008W 8= & &

EX : JISSO/PROTEC Forum Japan 2003 ; Interconnect Technology Information

= Al JISSO/PROTEC Forum Japan 2003 Ol 2 HEE XIEZ Toshiba J1 T At LH0IC

HEE set maker 2 ZI|HQ 701 6t H 2= &I HSE 2HE NI #e S 3
LE1 I E2 E SESHE PCB Ol 228 UE dle Jig2 s8 &% Bls=
SO0k 5t1), Mother board ECt SIP §2 module PCB 0l SEXN2Z HNEL Lt

_
ro
= Ir

i

me bt tH
4J
S
40 mg
4
30
[m)
Y -|> J
o o

E2 HMIJID € 2Z J&E2 27 (Toshiba)

Product Main Board Module
fUA3 *ET 8 RF Module, BT Module
&, 1/3 Makert= 8 '
23 UXet , .
DSC Cost, &M 24 SiP Logic, SDRAM, Flash
Digital Video
camera 8s BT Module
Note PC Nns CPU, BT Module, 46 LAN
Digital TV s Tuner B, 248

EX : JISSO/PROTEC Forum Japan 2003 ; Toshiba Corp.

3.EPD 8 2% E4

22 S0 EPD E & HolJ A8 02 JIX MII Y2 ME LHUA RSEAD &S0t "2,51
D UCH B 3 2 M&EHResistor)E A5G| st HEXQ EPD ME2A 2D E&2 L}E}LHWE} XNE &
A2 THES 822 A2 25 A2 HAAIINHL, S3810 HEME UHE= ’i.

%2 0| polymer thick film OlL} ceramic HE S £Z 2 coating ot AT )
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2 LIEIUALCH 2 E MSE SHIHYBESZ F2l) Aol
ALH, capacitance SEE =07 |5t SEAN SHst
filler S— %’%AIBIE UCH = 4 OiIA-IE ot AS HEE2 1 capacitance MEWE HWE HEoIH
M52 88 &A4+E 2= BaTiO3 E E&all U DFMUAM S=ol2] flolME SRF L Q 2t §29
E40] R=510{0t 3112, 0IE RIAHM=E REHS S8 =40 LOIOF GHXICH & HLEHN U= O
850 1) capacitance S X ©X capacitance B2 =0/7] ®8 |& &4+E =0l= 2400
HLE BEotn Ulis B2 AHC 00 & ALEOILH

=z 4 = Capacitor %"S% Maer 2 5@
I3
=

% 3. Resistor(A3) 48 A5et A

Method Thin Film Etching Plate Polymer Ceramic
Maker Ohmega Tech Gould Shipley McDermid Asahi DuPont
A48y Chmega-Ply TCR InSite M-Pass TU-XX~08 Interra EP20X
Sheet X &H/0)) 25~250 25~250 1000 25~100 0.1~1Mega 10~10K
TR +15% +15% +15% 110%~%15%| £10%~+20% | *5%~110%
YN B NiP NiCr/NiCrAISi| Doped Pt NiP Carbon -

¥ 4. Capacitor A& A59 A

. Oak- Matsu- . R
Maker Sanmina | Gould Mitsui DuPont 3M Gould shita Vantico Asahi DuPont

oEE BC2000| TCC |Fara—Flex| Interra | Epoxy TPL R5747 | Problec | CX-16 | Interra

Filled N " BaTiO3 " .
. _ L .~ | BaTiO3 | BaTiO3 | 7I BaTiO3 | Sintered
AR FR-4 |Polyimide] Epoxy | Polyimid Epoxy | Epoxy Filler a3y Epoxy | BaTiO3
e Epoxy
REE 4 4 4 4~15 16 243 16 26~30 | 40~50 [ 1500

i (um) 25,50 25,50 10,25 8~25 8~20 4-~25 50 12~50 | 12~40 | 10~20

0.5~0.9(/0.5~09] 1~2 0.9~11 | Max.10 5.4 1.8 10 5~20 300+

2
(nF/in2)

4. EPD ¥ 391 ¥4 Flow
2 HoAMez Yol AF3 EPD ¥ £ 2 712 F9H M ¥ 2 process flow o tisled 7]&3c),
4-1. Embedded Resistor 3%

O 1 2 gFe 25 wErg BAsle AL FAss $Y F sy TCR 389 34 flow &
el o] %“ﬂ«] £ Futn AFEH(Ni-Cne é‘?}dc’ A3lE oA WHoz FAd RaAA
g Aok dix, TR deydog dAstn AFEHS @77 HAME BAEHA LitE RS
ALg-ghet “f“ ox1de A2, dry film ®e] 3o 9% Ao wHis e FHL Az Q)
Ohmega-ply 392 TCR 3H3 A8, 1 & ol oA Fatal AFZ(Ni-P)E HE9 oj3dem
Fa A Aok Hlg dAo] Ut InSite 3HE AFEAE WG & Algsla, Ao wdE st
AAA N &F4 desmear FHL /\}%5}‘:} M-Pass 3% Ohmega-ply ¢ vzl 2 Aoz Ni-P
FEE AHESIAIRE, F2 o] ol Yo RER Hd¥Hog Ni-P §F¢ =Fshes o, o
Y 2= TCR 3¥H & 1%3}01 PCB 9 WS A2 FAE dojn, 9% 2 /e 28 L signal layer
o A& 33"*3}31 A ol 1YL ground layer o] A& P& Yt Asahi 33 AF49
TU-XX-08 £ Carbon A2 thick polymer & AHAYE o] &3te] ANFL PYAse PPoz HZ
Motorola 7} 7H‘%}?‘} Mezzanine 3% % A3 Ao AL AL F31 9. 2¥ 3 & Memory
module PCB ¢} array resistor € carbon paste & T&3+ do]t},

TAE olE uifEe AF B FHol dutAH process BE +/- 15% FEY FasF A=
Holrh, d9bdl A BEF FFo] +/- 10%, £E +/-5%Y +/-2%F FH37] YME laser trim
ojgt= g FHE TQldlor dttke AV 1, PCB #2022 Jhd laser trim ¥ 1rbola,
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ot 7R Aakad ol FAIZE glof ekabel Mgty siME B AusF esit 29 4 = ES[ ALY
AEE, LA trim WA & ol g3t BE AL FHsE wald oisted vehc

& 1. Process flow of TCR 8 2. Examples of Embedded R made by TCR

Define width
Apply photoresist
Expose and devetop

Remove Cu and NiCr
resistive layer

Cupric chleride etching
soiution

Sttip photoresist

Define Length
Apply photoresist
Expose and develop

Remave Cu
Amnoniacal etching
salution

Strip photoresist

<Array ReS|stor,>...

A& 4. Laser trim (“L” trim) to mest resistance tolerance

A
27 Target R Value
|
|
1
{
RinQ {
|
| |
Before trim ! :
value = ! : = Distance of trim
< Cut1 Cut2 >
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4-2. Embedded Capacitor &%

mbedded Capacitor & 7}4 ¥ 48353 Jr YL Sanmina 9 ZBC-2000 FHolr}. o]
Lo =9 YAAE U=z A}%ﬁ]—i’_ @A Ground plane ¥ Power plane & QA3}A wlx3stx
i {%%—(GND/Power) Atolel HAAE thx gkAl & 2 Alo]ol A EASE capacitance £ ©I
= yaloz AL AHE :?L?El 5 °1] 1»}E]-LH?}C]- s}A & 9A L capacitance §%o] Fti= A
%%_21—4 FAE vl A stAY, AN £4 A5E A 99 Ho & capacitance &
A & 4 o) o] FHE SHE *“7‘ 7]‘€°] gg ge AdE 7R3 Jeoy, EFHss oS¢

% 5. Schematic diagram of ZBC-2000
—_—)

Buried Capacitance
8 Layer Conversion

Power 2 Gmund 2
ower 2 Powcr 3

~

Overall Thickness
Remains Unchanged.

Prepn'g
Ground 3 i G“’“"d § pommmmmmm IR e 71 2000™ core
Prepreg Power 7
May or may not Impedance can
have impedance be maintained with
requirements. minor adjustments.

ZBC-2000 T} §AMs AYg o) &% xﬂ§_7} 2e A8 %iiﬂow AEEEn 3la, olE Ay F
G& ARAE capacitance £FE £ol7) Yty KA AUt 2 filler & FA Fol TFAT A

&2 Motorola ¢+ Huntsman(7- Vantico)?} &% /&&ld Motorola 2| &t A3 4 RF Module
43t AEste] A Fshglch Mezzamne 99 process flow ¢ 9AEE IY 6o el
FWel £ 73 F7F ¥ (20~27) CFP(Ceramic Filled Photo-dielectric)& capacitance £ Al
22 ALE® A 0] Carbon 74]%«] PTF(Polymer Thick Film)& 0]%6}&] AGE FA LT &
gt 2YW 7 Motoro a7} #HE 3 Mezzanine ¥HE o] 839 A|ZHg Fo] B34 RF Module 2}
A layout o]t} Mezzanine FHL H|I A %L capacitance £F L 21 XL FA FEY
AT, FHol EBE:, UFd Y4 =& s ol g@He Utk B 5 & dWEF
Embedded Capacitor 39l ZBC-2000 ¥ ECURL ¥9& vlugq,

[
—

2y

£ 5. ZBC-2000 vs. Mezzanine

Sanmina
Contractor (PCB Maker) Motorola
. 0.8pF/mm?2 16.8pF/mm2 (16 times)
Capacitance @50um thick. @11um thick.
1) Dielectric coating:Roller coater
Technology Conventional Technology [2) Development : Solvent Type
3) Reliability : Need evaluation
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1% 6. Process flow & cross—section of Mezzanine technology

CFP
1. Start with copper clad core, apply black oxide, CFP
roller coat CFP & dry

' CFP

CFP

Wy

2. Laminate Cu foil & print & etch top “mezzanine”
electrode.

L2 7
Core
L3 .
3. Photo-expose CFP material, thermal burp, solvent 6. Print & eteh LL ard L4. Apply SM
develop & cure. < CFP : Ceramic Filled Photo-dielectric
fm (Vantico AG) -> 11um Thickness
13 % DF : Dry Film (Etching Resist)

% PTF : Polymer Thick Film

4. Apply DF and print & etch L2 and L3. Sele ctively H .00-8-
deposit stability promoter and screen print PTF resistors. (AS&TII TU-00 8,Carb9n Paste)
*» RCF : Resin Coated Cu Foil .

X 012446 us Olyspus 100X
Y » 9034 Cal

Probelec™ CFP

5 A= EPD 9 7 "d843 ECURL &4 /MY 8%

5-1. 71 e

Embedded Passive 71&< 3 $£22 AztA @ PCB maker 94 2 7 5oz g 3x
qlc}. &3} ZBC-2000 o]t} Mezzanine T2 Embedded Capacitor £ ©Jv¥] Z&35i o9, 71 g
Tt ZA st E oddEnh R M JAHEL ol NES EFFEe AEL Ve FHE UE
i gk ol2d e Ss AW YA Fold 29, BHS 45 EPD Al 27] slol sheEt A
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AT AR JAY 71E AU 2 5 dFE 9480 A9, vt AAMe 712 EPD PCB & /MEd
garol glon, o2 YA PCB A LAA ﬁxﬂ Set %Ixﬂ{bl 1EY dz7F d g}

B doM e ozl a7d t&E) A A 2 AdsE 3 T ECURL 399 Ay 4838
/\7}]6},'_1} %t} ECURL 2 Embedded Capacitor Using RCC & Laser 2 %A=, & fA44E 2

= RCC(Resin Coated Copper Foi)& capac1tor Z0 7 Algslil, Laser & o] &3}y %B. B2
capacitor £ P43t FHoE 2003 @ e A sl B3 24 Folth 19 8 2 ECURL
Fge FA=EL) dd MRS BHoFzm ok 2¥ 9 & x| AEd ECURL 9o W3 w&
capacitance £4< uEhdch XA ®B%o] 19um o 3 FAA ¢ 13 pF/mm2 9 capacitance
g2 1A S & £ U3, olE Mezzanine 33 2 Ao] ¢lE capacitance gtojt}.

¢

19 8. Process flow & cross-section of ECURL

W TR | "':_:
Pre Multi :—_ - ‘
1. Pre-M/L(Full Copper) L—- - -

— ] S —

5. Etching

] w— ——— 8. Drill & raser evore,

2. High Dk RCC Lamination 6. Dry Film Removal RERTICA
[ { ]

] 9. Plating

03
R

3. Cu open & Laser

L

7. RCClor Prepreg + Cu) Lam. posesscmenan

|_4|

——
4. Dry Film

1% 9. Capacitance as a function of area (ECURL process)

Area vs Capacitance
12000.00 .
10000.00
N‘é 8000.00 # Capacitance
g 6000.00 Lo *13 pF/mm? @19um Thick.
< 4000.00 ¥
2000.00 2
" i) 1 1
0.00
0 50 100 - 150 200
Capacitance(nF)

6-2. LCURL @] 2EF3 332 d%

EPD 71%S T2 714 AT obiE] E3Holn Hold £AL JlAdE, set maker 9 AZS AR
okariz Aqlsbsl Brbssleh Fdl Ade oL g8 )G 2_ &-‘F‘}ﬂ Ao, oo wat Fe| &
pin 47} w-7}le< dek - Wl w@e Ve HEsly] fsly FEEe] AgEHa Qu, AE
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iAol E&EE Yt O E38n 2L microvia 7F A7EHT Ygrh Fu Hsle A RE F o
§ BEY A% 2 379 Zavt gl o2 3, old dig 32 wteg EPD Jl&ES HE3g
module 7189 8.37F dEHE U} o] 3 module o MEE Y3t ECURL 714 < &35t =
At

MEE AEY HLE 989 ECURL 9 capacitance & A <latn, QF Fxd oist d=2 A
Atk 19 EA g§87] Y8k capacitance ¢ SRF(Self Resonant Frequency; #7) &3
Frtp)et Q ¢l HAME AAE o

o4 Zd U9 HE B, AA nho] Wil BEAHL 93to, J'2d ECURL ¢ EAd
sl dHatuzxt i) F3)9 sietell W Q3 capacitance = 1.6 pF o]a, o} %€ 0.7mm X 0.7mm
o] WA Qo] FHEY HEZ, capacitance 9 HAE H4F &7 ¢s8le, ECURL o A8 HE= £
Aol Dk = 1308, FA% 28um 22 3o HF AF WHo] 0.625mm ¢ W, 1.6pF o] H=F &4
Ag ZAE3 o] 2% HA7} ¥BF capacitance g3 10GHz o]4te] &AL SRF & 9&
R, AT QL nAY 2F FE(35 0] )0 VAR EaE 28 AEY FHE IA).

Q #E FFA717] Yl signal loss o Z47F Bosta o]E Yo FHAe Dk € Df & ¢
& grFojor & ot ok Dk o ¢ capacitance #to ¥ ¥ & F 3, signal loss o] FFE F=
Ax7t Zovg Df 9 7fMdol A3 Haslth Df o NAE HAstds =2 #Aag Lo .
0.03 A=< 71€9 Df & 0.015 032 Zol& /MLL AAA A} co-work & F3la] A3 Fol
Aok a¥ 10 & dAAA A $58 ECURL 9 capacitance 9 SRF & £33 Adolxn, 29 11
L Q#E 5AHI Aot} SRF & Q #9 A curve o dE o E F7) sl b 2] gurz
Q) SRF & Qcurve & Z°] T3 AjFth

—= g

O

19 10. SRF curve of ECURL
SRF Curve of ECURL Typical SRF Curve

Forward Transmission, dB Forward Transmission, dB

8E-12

7E-12]
6E-12] - -
55-12_?
4E-12]
3E-12

]

*
2E-129

1E-12

219 11. Q curve of ECURL
Q Curve of ECURL Typical Q Curve

Forward Transmission, dB Forward Transmisson, dB
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6. EPD 7l& ANE 943 IFF FA

EPD 7|&2 &% —’—‘T—, 37)%5 PCB & 93 &4 7]&od, o] 7lge A&3E Y3l a3 3
A7} go] dol 9lon, O fEAHS FAA=

1. Cost 9] P33}

2. 474 w4 A g 7] gl stsE A

3. Fdo| AAHAHYG A

4. Passive & &zl tig P4z (5Ad 47 gl & Fa &3h
58 5 ¢ 9dd

EPD 7]1€¢ ZA7/le PCB g4 £x4 A3 £ gl 71&0iH, Set/Device ¥, PCB |4, 1€

& JA e 1L co-work © BRI EPD 7l&9 Agole B2 Foist dx ofhel ol

< $i2% W EPD 7|9 adzAd FEsI 7t Aotk

. A A/Simulation Tool ¢ 7H¥: Set Maker thA}7} CAD maker o 7433 92 Hg@Q
. BAF B9 87 KGC(Known Good Embedded Capacitor) &%

A A BEs 4 54 cost 9 Ha WUt 7FH

AR A U= Ay AFALNA W3 AT =8
AR R BF AR Y% 4 W

Laser Trim o] 9% 874 Aol g (&L #Fx+9 resistor)

. ZARZ : Module level il EFRRF 75 AT Aol £A
.Cost : ANZ AYUE7 3, ¥H7F W& chip #5349 ZFAA old & d&

A 59

@

2 Z9} costdown ©} gl AlF o ElF

. 3YL 98 uyrtA Set Maker 9 73§ Leadership 3} PCB d A9 Alz27%8 Ho
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