[2R2 Exflsks U H—FURI Y

Science Tokyo Research Repository

Od/dodn
Article / Book Information

oo@ao) gobobbbugooogobobbodago

oo@a) oood
Author(English) Daisuke Ohshima
oo@a) OO0:000000,
OOooooOo:0oo0ooa,
OO000:00103410,
O0000:20160 90 200,
ooooo:0o0o0a,
ooo0:0o00,000,0000,000,000,0000

Citation(English) Degree:,

Conferring organization: Tokyo Institute of Technology,
Report number:[J [0 1034101,

Conferred date:2016/9/20,

Degree Type:Course doctor,

Examiner:,,,,,
goog@mao) ooong
Type(English) Doctoral Thesis

Powered by T2R2 (Science Tokyo Research Repository)


http://t2r2.star.titech.ac.jp/

oot

Jooobobobooobobooddtd
HRERERERE

U o
Jood 0O oo od

2016 00 901

oot dbogboobgn
oooooboooogd






L] [

010
1.1
1.2
1.3
1.4

1.5

020
2.1
2.2
2.3
24

2.5
2.6

030
3.1
3.2
3.3

RN

I
I
O00000000000 .00ttt s s e e e e
20030 0000000000000 « .o oo v oo oottt it e s s
1.41 SiPO0O0OO0O000O0O000 ... oo i ..
142 DO0O00000000O0OSPOOOO ... .. ... ...,
1.43 00000000000 ... oo
I

gogobbboogobbobuooooboboooobo

OODODO . e s e e e e
I 0
I 0
I 0
241 OO0OOD0O0O0ODO0 ... e e e s
242 O0O0O0OD0 ... e s e
243 DO00000OD0 ... e e s e s e
244 0000000000 ..t e

2D-SiPO0OO0DODDODOOOOOOOOOO0OOOOOOOOOOOOD

OOODO o e e
I 0
I 0
3.3.1 OO0O0O0O0 .« e e e

10
11
14
17
18

21
21
21
22
25
25
29
29
31
38
38



3.4

3.5

3.6
3.7

oo

040

4.1
4.2
4.3

4.4

4.5
4.6
4.7

050

5.1
0.2

3.3.2 00000000000 .00ttt e 44
333 00D0OO0OO0OO0DOOO0OO0DOOOOOOOOoOoooDOg ... 45
334 0000000 .. e e o7
335 00000000000 ... o 62
336 O0D0D0OO0OD00O0O ... e 63
0 63
341 OO0O0O .. e 63
342 OO0O0O .. s 7
OOOO .o 86
3.5.1 LSIODODO ... 86
3.5.2 PCOOOODODOOOOODOOOO ... v 87
3.5.3 EMIODO .. ..o o 89
S 95
I 96
3p-SiPO0000O0O0OO0OOOO0O0O0OOOOOOO0OOOOOOOOO 98
I 98
I 0 98
I 99
4.3.1 000000 ... 000 e e e s e e e e 99
432 00000000000 ... e s e 100
433 00000 ... e 100
434 O00000O0OO00ODO0O0OO ... o e 103
435 000000000 .. e e 107
I 112
441 O000 .. e 112
442 0000 ... e e 118
OOODO . e s e e 122
O 126
I 127
ug 129
OOOD0O e e e e 129
I I 129

521 SiPOOOOOCOOOOOO ... it 129



5.22 OOOOOODOOOOO .. ..
5.3 I
5.4 0
54.1 loTOOODOODOODOOOO
54.2 O0000O0OODOOOOODOOOO
goon
gooood

130
132
137
137
140

143

156






010

L] [

1.1 0000

gobobbdoodobobboooobbboodobbboooobbboooobboo
ugooguooobbodoooouooobbodouoobboooobobobooooouoboobooboo
gobobbooooooboboooobooboboooobbooooooboooooobooon
gobobobdoooobobobboooobobbuoooob bbb bbb boooo
uoboobobodooooobobooooboboboooobbbooooobobboooobobLboooon
O000O0000DbO0DbO0b0bO0bOOoooooooDOoobo 1900000 10000000
godgoboooooouoobooooouoobooouooooooooouoo
9600 000000O000O0ODOODO0ODODDODOUOODODDOOODODDbDUOOODbOOUODODDbDO
goboobobodoooooboboooobooboboooobbodooooboboooooboobobooon
gobboboooobboooobbobboooobbooooooboboooobobbooan
gobobbooobbbooooobboooobbboooobbbooon

19400 0000000000000 190 0000000000000 O0ODOODODOD
0000000000000 00000Information and Communication Technology (ICT)
0000000000000 000000000D0O00UODOoU0ODoOOoOoDoOO 130
20000 0000000000000 00000 DRAMOODOOOOO0O0199000000
O0o0o00obOO0obOobooboOooO0oOoboobOobOobDOoboobooobo 1101900000000
00000 100000000010000000 NECOODDOmMOOoOooooooooo
gboboooboboboobooobobooboob ebUObObUObDUOUObOoObOobDOUODbO
gbobooobooobboobobboobbboooboboon 1220000000000
0000000000 400000000000O000O0OO0DOOO0DOOOOO0OOO0OOO
gobobobooooboboooobbboooob bbb bboooo
OO0 ICTOOOOOODOOO0OOODODO0OOO0OOO0OOODOoO0oOoOooOUOoDOoooOoDO



2 o110 goo

Matsushita*
6.13%

01.1:1990000000000000 [4]

O00o00DooO00oo 120000000000 0OO0O0OOCODOO0OOOOOODOODOO
oooooboobOoboboooboo 12000000 b0obOobooobooboOooDooDOobDobon
gobobbooobbtboooobboooobbbooubbbooubLbboooo

400 T T T T T T T T

=)

(7]

D

Y—

o

2 B Asia & Pacific
2 [ Europe

oq, - North America
= I sapar

=

>

°

(]

S

o

2010 2011 2012 2013 2014 2015 2016 2017

Year
() 0000000

0120000000000 [4]



12 O00O0OODOOODOOO 3

IIIIIII Automotive

E Military & Aerospace
- Industry

- Communication
2 eop

- Consumer

Production [Billions of USD]

2010 2011 2012 2013 2014 2015 2016 2017

Year
(b) 0ODOOO0O

01.2: 0000000000 [4]

12 O00O0O0OO0OOOOOO

gobobbdoooobbboooobbboodobbboooobbboooobboo
uoobobdoooobooboooobobbuoooobbbooooobLbboooobLobLbooOoon
gobooboboooobobooooboboboooobboodoooobobboooooobobooon
gogooobbbooooobbobbobooouobbbooooobobbooooouooobo
uobobbdoooboboboooobobbuoooobbbdooobbboooobobbboooo
gobooboboooooobobooooooboboooobbooooobobboooooboobobooon
gobbboooboboboooobbobboooobbbooooooboooobobbooon
gobobbooobbbooobbbooobobobuoooo

0000000000000 00000D00000000D00000 IntelODOOODO
CPUOODOODO0OO0DO00OOU0OUDODODODODODODODODDDODODOOOODODODODODDDDSN86
goboboboooobobboooobbbuoooobbbdooobbbooooobbooOoo
uoobobdoooobooboooooboboooobbbooooobbboooobobLbooOon
00000000000 bO00O00b0obO000o0obOoDObODbODOnO 197800 8086 O
3pm 00 201500 Core i70 0.014pm(14nm) 0000000 /200000000000
000000000 197800 254mm 00 201500 1.0lmmO00 1/20000000
ugn



4 010 OO0

O 1.1: Intel0 CPUODOOOODODOODOO

ooo 1978 1989 2015 1978 0 O
CPU 8086 80486 Core i7 -
O0o00ooooo 3 pm 0.8um | 0.014 um 1/200
oooo 2.54mm | 2.54mm | 1.01mm 1/2

gobobbdoodoobobboooobbboodobbboooobbboooobboo
uoobobodoooobobooooboboboooobbbooooobbboooobLobLboooon
goboobobodooooobooooboobooboooobobodooooboooooobooan
oooboooobbooaon

Integrated Circuit Technology <
LSI Chip

LS| Package

Scale Gap

Jisso Technology < Board

System

.

013 0000000000000 0b0ob0b00obooDO

0130000000000000000 LSI00000O0O0O000000O000000On
0000 /0000000000 000o0o0oo0oo0oooooooDoUoUooooDonDo
gobobobooooobobooooboboboooobbooooobobboooooboobobooon
gogodboboobobobobbbbobbboobobbobobbbobobbbbbbbbbbodgaaaa
gobobbdoooobbboooobbboooobbbdooobbbooogbbboooo
uobobobodooooobobooooboboboooobbbooooobobboooobobobooan
goboboboooobobobooooboobboooobobodoooooboooooboobooon
gobobtbooobbtbooobobbooonmbbooobbbooobboooo
UemO0000000OO

goboboboogoboooooooobboooooboobboooooobobboooobooboo
000000000 1000000 System on Chip (SoC)00000000D0OOD0ODODOO
000000000 System in Package (SiP) 00 000000000OSoCOOOOOOOO
goboobbodooooobobooooboboboooobboooooobooooobobobooon
gobboboooboboboooobbobioooobboooonooboooobbobooon
gobobobdoooobbtboooobobboooob bbb bboooo



12 O00O0OODOOODOOO 5

uoboboobdooooobobooooobobboooobbooooobobboooobobobooOoon
0000000000000 00000000000O0D000DO00DO0O0D [6,7000
gobobobooooboboooobbboooobbbdooobDbboooobobbooOoo
uooboboooboboooooboobooooobobboooobbboooobLbboooobo
ggbobobdoogooboooooooobooooobobooooobobbooooooboboa
gbooooo2000000000000000D00D0O00DO0DO00OODODO0ODDOD200000
O00000DO0O0DO0O0O00ODO0ODO0ODO0O0DO0O0ODODb0DO More MooreD OO O OO
000000000000 00000D00O00000D0O000000 More than Moore O O
000000000 R9UICTOOO0ODOOODOODOODOUOODOUOODDOOO
00000000000 SoCOODODODOODODODDOSCOODODODODODOODO
uoboobobodooooboboooobobboooobbooooobobbooooboboboooon
O00000SeCOOODODOODDOOUDDDODUODDOUDDDOODDOOOOODO SiPO
00000000000 0000D000 SiPOoO0DOOOOSoCOOODOODOODOODOO
O000000O000oo0oO0Ooooooogoo SipOo00dO0oOOoOO0OOOOoOOOOOOOOO
gobobboooooboboooobobobooooobboooooboboooooobooaon
0000000000000 00D000D0000000oDoOooooOooSiPODODOOOOO
000000000000 00000D0D000000D00000 More than Moore 00 0O
gobobooooobuoooooooad
oooooobOobobooobooboooobobobobooobo 1400b00oboooDOoo

(NP (E

Y

8 EXE B8 ()

[EE%ERET RRKE

014 0000000000000000000O00O0OO [10]



6 010 OO0

00000000000000000000000 (1000000000000 00O00OO
goboboboogoooboboooobooboooobboooooobooooobooboboooon
O0000O0DO00000000o0O0oDO0DbO0bO00 140000000000D0DO0O00OO
000000000000 0D00O000oogogoSeCOo0noooooosipPonoooooOO
goboobobodooooobooooboboboooobbooooooboooooboobobooon
0000000000000 O0SeCOOODODOOSiPODOOOOOODOODOOODOOODOO
uoobobodooooboboooobobbuoooob bbb bLboooo
goboobbdoooooboooobooboboooobbbooooobobboooooboobobooon
gobbboooboboboooobbbboooobbbodooooboboooobbobooon
gobobbdoodoobbboooobobbuoooob bbb bbb boooo
uoboboobodoooobooboooooboboooobbbooooobobboooobobobooOon
goboboboooooboboooobooboooobbodooooobooooobooboboooon
o0bo0obo0obooboobooboobobobOooDbobD 130b00oboobOooDbO
uoobobodoooobooboooooboboooobbbodoooobbboooobLobLbooon
Chip Size Package (CSP) 00 000000000000 0OO0OODO0ODOOOOOOOOO
goobooooobobooooobboooobbbodoooboboooooobobooon
gobobboooobbuoooobobbooooobooo

e Smartphones

= = Tablet PCs

10’ .
E decreased by 2 % every year]
< ma ::‘\\\\\ ]
_<f> decreased by 3 % every year ™ ~ -
I RS
= T~

10°

'07'08'09'10'11'12'13'14'15'16'17'18'19'20'21'22'23'24'25'26'27
Year

015 0000000000000 PCOODOOO

000000000000000D0D0D0 1.500000000000000 PCODODOOO



12 O00O0OODOOODOOO 7

00000000000 00000 2%000000 PCOOOO 3% 0000000000
0000000 160 iPhone0000000000O0O0O0OODOOOOODOOO (11000
goboboboooobobtboooobobboooobbbdooobbbooooobbooOoo
uogobobdoooobooboooooboboooobbbooooobbboooobobLboooon
0000000000000 00000000DDODDODO0O0O0ODO0O0O PCODOODOOOOOO

200 T T ' T T T 7 T T T T 1 T 1
180
160
140 1 - Others
=) 120 - Plastics
< 100 1 - Circuit boards
3 [ Display
= 80 - Glass
60 - - Stainless steel
1 - Alminum
) I sattery
20
0

3G 3GS 4 4s 5 ©5s 6 6s 6+ Os+

iPhone

0 1.6: iPhone 00O O0O0OOO

gobobbooobbbooobobboooobboooobbbooon



8 010 OO0

1.3 00Oooboooooood

gobobobdoogobobobooooobbboooobbboooobbboooobboo
gobooboboooobobooooboobboooobbooooobobboooooboobobooon
0000000000000 000ODOO0OC0DOO0000?D00D0OODODODOOODODOOO
goboobbodoooobobboooobobboooobbbdooobbboogbobbboooo
uobobobodoooooboboooobooboboooobbooooobobboooooboobobooaon
O00o0b0 1vyOobooOoOoboOobOOobob0OobOooOoobOooOoOobOobDOoboboOobOoboOoo
go0oboo0obboooobboooboo 180 obboooDbOooooDbooooDo
uooboobodoooobobboooooboboooobbbooooobbboooobobLboOoOoon
gobobobodoooobobooooboobobooooboobooooooboooooobobooon
goobobooooobobooooboboboooobobbodooobobooogobobooon
uobooboobodoooobobboooobobbuoooob bbb bbooobnbboooo
gobobobodooooboobboooooobobboooobbooooobobbooooobobooaon
goboobooooon

Terminals as connector

O117.00000000

0000000000000D [12-4)00000000000D000LD0O0O0OoOO
uoobobodoooooboboooobobboooobbbooobobboooobobLbooOoon
00000000000000000000000000000 10000000000
gooboooooboboooobobboooobbooooobobooooobobooon
uoboboobdoooooboboooobobbuoooobbbdooobbbooUbobLboooo
goboobbodooooobobooooboobboooobbooooobobboooooboobobooon



13 000O0DO0OO0DOoooo 9

uoboobobodoooooboobooooooboboooobbbooooobbboooobobobooOon
ggoobobobodoooobobbooooooobboooouoobbboooooobooboo
o0l20000000000000000O0DOD00DODODOO0DDOOO0DDOODDO0ODODO
uogobobodooooboboooobobboooobbboooobobobboooobLobLbooon

gobobboooobbboooobboooooobooo

o
o e
®®e”
o®e o
4
% 5
® > e
o o ©® 5 e e
e o ° e e e
g .
.0 e -
- e e ® o e
9" o o o o o
e e _® o e ® o e
- o ® o o o o o o
... - ... ™ ... -
- _ o - _o - _o
® & & o o o o o o
o ® o O o o o o
- _ o -_a -
® & ©® & o o
o o g ® o g
> o®e®e T 20
o e 0%
-
Y

Unit block —

018 00000000b0ooboboobooboooo



10 O10 00

1.4 20060 0000DO0O000O0OOO

O1l9000000oooo08b0boonooooooboboooooooooooon
O OITRS2005 00000 More Moore [0 More than Moore 0 00 0O O 0O O O More than
Moore DD O0DOODODODOOO SiPODOODOODOODOODOOOODOOSIPOOOODO
000000000000 0O0D0DO0ORFOMEMSOODOOODOOOODODOODODODOOODOO
goooooooo

ﬂ N, \/—'
Wl s BoR iy K Hifiy ARt 2
TR . (3RIEFE) (E924E) (MEMS)
-II:E (A i) (HLRE 19771 4) L T
3
> IC 43
N S PC TN nnect

R
PBGA(FBGA)

......

§>Mounted Area (€
)

DIP SOJ
| KGPRPFv7
1980 1990 2000 2008 7010 2020

0 1.9:2008000000000000000O0 [16]

OO0 SiPO0D0O0O0OOOOO0OOOO 1.90000000 Flip Chip Ball Grid Array
(FCBGA) O Plastic Ball Grid Array (PBGA)0 2000000000000000000
oobooboooooobooboboobogo .lobobooobooboboboobobDOoDbOobDo
goboboobdoooboboboooobbboooob bbb bbb boooo
Controlled Collapse Chip Connection (C4) 0000000000000 ODOOOOOOO
0O LSID00000000000000000000DO000D000O00D0oDOoU0oOoo0OO
000000000000 000000000000000000000 1mm 00 OPBGA
0000000 Fine-pitch Ball Grid Array (FBGA) DOO0ODO0OO0O0O0O0O0O0O0O0OOOO
PBGAOOODOO

000000000000000000000000 (1700000000000 O0O0O0



14 200800000000000D00CO 11

C4 bumps Package
Gold wires Mold resin
Core layer /@® ® { / 4 /@
S UUUUUVUVOVUUU booo ooo0Q%®
Solder balls Solder balls
(a) 000D 1: FCBGA (b) 0000 2: PBGA(FBGA)

0 1.10: SipOO000OO0CO0O0O0OOO0ODOOOO0ODOOOOOOOOOO

gobobboooobboooobbooooboo

1. 000000: 0300000000000 OobOOooOo DvboooooOooOooDOoO
ggooooodon

2.000000: 000 Digital Still Camera (DSC) O Digital Video Camcorder
(bvC)ooooooUoooOOU0O0D0DO0OUDO0D0O0OOOOUUOODODOOOODOOODO
Audio Video (AV) O O O Wrist Type Wearable (WW) O O O Personal Navigation
Device (PND)O OO OO0 PCOOO

3. 000: DRAMOFlash 00O O

4. 00 0000000ODO: 3000030000000 00DOD00O0O0OOOOO pPCO
000000 PCOOOOOOO0OOODOODOOOOODODODOO

5. 0O00D0O0ODDO: 3000000000 bL0OD0DDL0ObDUO0ObODOO0ODbDOODbOODOUODO
gobobbooobobboooboboboooobbbooobboboood

6. 00000 0b0o0oboobobooobuoobobooobuooboboboobOoobo

gobobobdoooobbbooooobobboodobbbooooobbbooooobboo
uoobobdoooobooboooobobboooobbbooooobbboooobLobLbooOon
goboooboooobobooooboobboooobbbodooobbboooooobobooaon
00000 SiPO PBGADOODODODOODODOODOOODO SipO FCBGADOOODOOOO
aono

141 SiPOO0O0OOO0OODOOOO

gobobobdoodobbooboooobboboodobbboooobbboooobboo
oooob 12000000000 000 200000DbO0O0000O0OOODDDDbOOOO



12 010 go

1200000 1.10000000000000000 OO GGOOODODODODOOOOOO

012 SiPO00O0O0O0ODOOOOOOOOODOOOO

oooo 1| 000o 2
gbooooooboog FCBGA PBGA
@ O00000000O0O0O0OOoOooOOoOoOoO o
@ 0000000000 o o
® C4000000000000000O0OOOO o o
®» 000000000oooooo o o
G 000000000000 o o
G 000000000000000000000000000 o o

0000000000000 000 (oO0O0000O0O0000000DO0D0ODOOOOODOOO

00 00 FCBGAODUODOODODODOODOOODOOOODOOODOOOOODODOOOOO
000000 FCBGAOOOOOOOOOOODOOOOOOoOO-1ooWooooooood
uoboobobodoooooboboooooboboooobbbooooobbboooobobLbooOoon
ggoobbbooooooobbooooouooobobboooobobboooooobobo
0000000 (18,1900 0000000000000O00DO0O0DOO0DDOO0O0O0OO
uogobobodooooboobooooboboboooobbbooooobbboooobLobLbooOon
goboobobooooboboooobooboboooobbooooobobboooooobobooaon
godoobooooood

00 @O0O0000000000000000 72pmO000000000O00O0O0O0
20080 0000gooDbooboOo0 MwmOO0O0O0ODODODOOO 30pmOODOOOOO
0 [16,20,21|0 000000 low-k 0000000000 DO0ODO0ODOOOOOOOODOODOO
0000000000 220

00 @O00000000000000000000000000DODO000O0OoOo0O0DO
00000000000000000O00TAB (Tape Automated Bonding) /COF (Chip on
Film) 00000000 [16)000000FCBGAUO0OU0O0OODOOODOOPBGAODOO
uoobobodoooobooboooooboboooobbbooooobbboooobobLbooOoon
00000000400 00oooo0oooo0oooooooooUooog 100 pm d
00000000000000000000000000D000UDO000D 1.10(b)0ODOO
udddooooooooboboooobobbbobbobobbobobooboboooooouououugua
goobooboooooooboooaon

00 @0O0O00000000OO0000DO0ODO0000ODOOOO00D0ODOODOO00O0ODOODO
goboobobdoooobobobboooobbboooob bbb bbb boooo
oboooo20800pm 00000000 DOODOO0ODODODODODODODO0ODOODDODOODO



14 200800000000000D00CO 13

goboboboooobbbooooboboooobbbooobbboooobLbbooobnoo

00000000000000000000000000 (Printed Wiring Board: PWB)
00000000 [23,24]00000000000000000000OO0ODODOODODOOOO
uogobobodooooobooboooooobobboooobbbooooobbboooobobLbooOoon
gobobobdoooooboboooobobboooobbodooooboboooooboobobooon
ggoooobobbbboooooooouoobobbbbbooooooooboboboboboo
oo20000000000000D0D 1000 bO0bObObOOO0000D0D0DUUOoDbDOoOo
ggooobodoooogobobobooooobbbooooooobbboooooboooboo
gogooboobbbooooobobbooouoobbooooobobboooooobuooobn
0000000000000 000D00D00000D0000O0DOO [25-28]000001IBM
O Surface Laminar Circuit (SLC) 0000000000000 0OO0O0OOOOODOOO
00000000 [2900000000000000000000O00O0O0DOO0OO0OO0OO
googbooboobooboobobobobuoobboooboobooboboboon
ugooboboodoooobobbboooouobobbooooobbbooooboooboobooboo
0000000000000 0000000D000D0000O0O High Density Interconnection
(HDI)OoOoOoOoOoOOoOooOO0O0OoU0oO0oO0oDoO0o0oU0oo0o0oooO0o0ooo0o0oUoooooDoo
uobobobodoooobobboooobobboooob bbb bbb bboooo
uobobobodoooobobooooboboboooobbbooooobobbooooboobobooaon
gogooooobobbooouooobbooooouoooboboooooobbooouoooobo
0000000000000 0U000O00000O00D0DO0O00DO0O0OUOD 30000
ugooobboodoooboouobbboooouobbbooooobbbooooobbbooOoon
000000 Any Layer Interstitial Via Hole (ALIVH) [31] 00000 OO Buried Bump
Interconnection Technology (B?it) [32) 0000 0000000000000 00OOOO
O000000000000000OSeny 0002010000 CellODDOODOODOOODOOO
0000000000000000000 [33]J000000000000000000O00O0
gobbboooboboboooobbboooobbboooonooboooobobbooon
goboboooobbuooobobbuoooobbuoooo

00 @O0O0O0O00000D0 1000000000000000000000DO0O0O0O0
0100000650600 000000DO0OO0O0ODO0ODOOODOODOODOOODOODOODOO
gobobobdoooobboooobobbuoooob bbb bboooo
uogobobdoooobooboooobobobuoooobbboooobobboooobobLbooOoon
goobooooooon

000 ¢DO00D000D0O0DO000000000O000O000O00DO0ODODOO0DOOODn
O000FCBGAODOOOOOOODODODODOOODODODODOOOOODOOOOODODDODOODODOOC4
gobooboboooooboboooobobboooobbooooooboooooboobobooon



14 010 go

gobobobooooboboooobobooood

142 0OO0O00OO0ODOODODOOSPOOOO

D0000000000000000000000000000000000000000
000000000000000000000000000000000000000000
D00000000000000000000000000000000000000000
0000000000000 C400000000000000000000D0000000
0000000000000 200300000000020070000000000 200-300
000000000 [17)0

000000000000 00000000000000000 111000000000
0000000000000 0000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
0000000000000 00000000000000000000000000000
D00000000000000000000000000000000000000000
000000000000000000000000000000000000000000
ooooo

Package Embedded logic

Memories H
N A
' |w‘],m[,w HH. S o

N /S

Board Passwes Embedded passives

Loglc

0 1ll1l: 0000b000b0oboboobooboboboobooo

goboooobobooobboo 111oo0obbooobbooboboooboooooo
gobbboooboboboooobbobboooobbboooooboboooobobobooon
goboboboooobobbboooobobbuoooobbbdoobobbboooUbobboooo
O0000ooO00oDooooOo SiPO000O00ODOOO0DO0ODOOOOOOOODOOOOOOO
gobobobdoooobobooooboobobooooobbooooooboooooboobobooon
goboboboooobobtboooobobbuoooobbbooobbboooUbobbooOoo
000000000000 0oO0dDOO0oooooooooo SiPOODOoOoOoOOoOOOOO



14 200800000000000D00CO 15

ggoobbooooouooobboooouobobbooooobbboooouobobbboooon
l.11o0b0o0o0ooobo0obooooo0oboobogoobooboooboDobooboOoo

00000000000 QU0 GoLOoOODo0DOoUooOooooooooooon

00 @U000000000000000000” 000000000000 00000
goboobooooooboboooobooboboooobbodooooobboooooboobooon
gobboogoobboooobbboooobbbooobbboooobbboooonboon

00 @UUi0l00D00000O0”’000000Doooo0000ooooo00ooooood
gobobobooobobooooboobooobobobooooboboooooboobooo

00 @e“C40000000000000000O0COO”0D0O00O0O0ODODOODOODOOOO0O
000000000000 00O0C400000000000000DOO00ODODO0OOOO
00000000000000000000000D (34,35 0000000000000ODO
goboboboooooboboooobooboooobbooooooboooooboboboooon
oo0oooobooooboooboobobooobboooboOo 1112000 3000000
000000000000 00000O000o00oDooooOo c4000000 100pm OO
OO00OO0obO0o0o0O0obOOobOooboOo 1ymO0ObDOO0OOOOODOO

Cu plate

Seamless

01.12: 0000000 [34]

00 @“O000”000000000000000000000000O0DOOO0O0O0
ugoobbooboooouooobbodoooouoobbbooooobbboooooboboboo
o000 11130000 0o0bgoboobobooboboooboooobooboooobOobDOoo
obooboboobooboobobboboobooboobobbobooboobo
dddooooooboobobobobobobobobobobobbobbbboboobobobobobooooouuga



16 O10 00

00000000000000000000 [25-28|00000000000000O00O0O00O0
goboboooobbooooboboooobbboooobbboooooboo

(Via
p }‘\ vy}
w c.
— P
g 5 2
@ Througn Hole & 5
< J © —
9 — . Q
o) ® Vla\‘ <
o < o)
)
\ N <
> }
(a) 00DO0O00O0DO (b) DODDOOO

0113 0000000b00boboboobooobon

00 @Uii000D0”000000000d00oDooo000ooooo00ooooooO
gobobobooooobooooboboboooobbooooooboooooboobobooon
ooobooooboboooooo

ggbobobdoodoobooooooobobbooooobbboooobbbooobobboo
O0O00O0SO000O0o000ooDoo0oooo00oooo0ooooogoooooooDoo
gooboooooboboooooboboooobbooooobobooooobobooon
00000000000 3600000000000 000O00UOoUOUn Power Delivery
Network (PDN) 0000000000000 O0O0OOOOOO0OOOOOOOO PDNOO
000000 25D0O00O0O0O0O0O0O0O0 3700000000000 PDNOOOOODOO
O00000O0ODOO0OPDNDODOODOODODODOODOUODOOODODODODODODOO
0000000000000 001GHzOOO PODNOOOQOODOOOOOODOODOOOOO
000000000000 1GHzOODODODODODODODODODODODODODODODOODOODOOO
PONOODODOODOOD PDNOOODOODODOODODOOODODOODO

o30bi0obobooobooboboooboboooboobobDooboobobnooo
o0o0obOooOOo0obOooOOoOobo0obOooOU0oOobOoOoO0oOobOobOOoOoOoOobDOobDO 114000
O00000  PDNOODOOOODODOODODODODOOODOODODOODODODOOOO
gobobbdooobobobooouobobbuoooob bbb bboooo

goboboooobobooan



14 200800000000000D00CO 17

7 Tl—>
R MR |

T3 SRS
(XY zwvhk)

0114: 000000000000 0O0

143 O00O0OODO0ODDOOOOO

00000000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000 PCOOO0OO0020120000000
099% 00000000000000000000000000000000000000
0Do0ooooo (170

CADODODODOOOOO (38

0oo0 [39,40]

000000
000000000000000000
00000000000000

A e

obobooobooobobool.boboboboobooboboboooboobobnoobog
0000000000000 D00000Design Rule Checker (DRC) D00 OOCAD D OO
gobobobdooobobbboooobobbuoooobbbdoobob bbb boooo
O0000000000000O00O0ODRCO CADOODOOOOODDDODDOOOOOOOOOO
goboobobodooooobobooooooboooobbboooooobboooooobooon
000000 2000000000000 DO0OO0ODODODOODOODODOODDODOODO
gooboogd



18 O10 00

1.5 0Ooobooooogd

00000000000 00o0oOoOooDoOo SipPO00Do000O0OOoOoOOoDoDOoOO0OoOoOOoOoOon
OO00oooOoSipO000O0OCO0O0OOOO0ODOOOOOO0ODOOO0OOOODOOOODOOOOOO
gobbbooobobboooobbboooobbboooonooboooobobobooon
goon

0115000000000 000000000000D0ODOOD 200004000000
OoooboooOooOoboooob0oboooboOo sOOUbOoObOObDODbOObOODODO
goon

% 3 E 2D-SiP ReEEIRFAEER
BEULDcHDREA V5 V5 v AR

£ 2E FTHXRTFTHNBERICELD ;

REA V5V 5 Y AREEM
% 4 & 3D-SiP BrtBIRTFHEER

HEL DO DRIEA V5 U5 v ARREHEil

BOH5E: &R

0115 000000

0O2000000000000000D0

0200000000000 000DO0OO0O0ODO0ODODODDODObDO0ODbDOODbDODOOD
gobooboboooooobobooooboboboooobbboooooobboooooobooon
gobbboooboboboooobboboooobbboooonoboboooobbobooon
goboboobdoooobbboooobobboooobbbdooobbbooUbDbboooo
uobooboobodoooooboboooobooboboooobbbooooobobbooooboobobooaon
gobobobooooboboooobobboooobboooooobooooobobobooon
0000000000000 000 RFOODDODOODOODODOODODOOODODODOO
uoobobdoooooboboooobobbooooobbboooobobobboooobobLbooOoon
O0Oo0ob0o0ob0o0obobOobooobDOoooObOobObOoOobDOoOobObOOobObOoOoDO REFO
Oo0Oo0O0o &Koo ooobobooobooboooobooboobDoobooDooDbOo



15 ODO000O000D00O0 19

gbobboobooobooboboobooobooo

03000400000 000000000DO0OO0ODOODOODODOOODOODOOODODO
SiPOO0O0OO0O0O0OO0OOOO0OOOO0OOOO0OOOO0OOO PCOOODOOODOOODOOODOO
gboboboboobooboobobboboobooboobobboboobooba
gbooooban

0 300002D-SiP 000 Multi Chip Package (MCP) 0O DO0O0D0O0O0O0O0OOO
gbooboboobooboobobbobooobooboobobbobooboobo
gboboboboobooboobobboboobooboobobboboobooba
00000000000 Flip Chip Ball Grid Array (FCBGA)DOOOOO0OO0OOO0OOO
oboobobooboobooobobboboobooboobobbobooboobo
OgbooooboboooboobooboobobebobO30ob0bObOObOO0ObObDObOODO
bobobdobodobodbuoobobboboobooboobobboobooboabda
gooooobbbbbbotooooouooobbbbbbooooooooboobobobboo
gbobodgbogdaod

0 400003D-SiP 000 Package on Package (PoP) 00000000000 OOOO
gogoooobbbbbobooooouooobobbbbbooooooooboboobboboo
gbooboboobooboobobboboobooboobobbobooboobo
gbobobdobodoboobuoobobboboobooboobobboobooboaba
vbobobobodbooboobobboboobooboobobboboobodoanbd
goooo

o000 s000000000

013 SiPO0O0O0O0O0O0OOOODOOOOOOO

oooooo nep | 230 1 B40 Y ooggpnn
FCBGA | PBGA
®OO000 o @®OO000
@O0000000 o o @O000000
G®O000000000 o o Goooo
@OO0000000 o o @Ooooo
GOO000000000000 o o o GoOO00000
® 0000000000 Joon ° ®O00000
oooo o o

O0000O0SeCOODOD SiPOOOO0DDOOODODOOOOODODOODDOOOOODOO
00000000000 00D0OO00000 SiPODOO0ODOOO0OOOOOODOOOOOOO
OO00ooOoSiPO000O0O0O0O0OO0ODOOOODOOOODOOOOOOODOOOOODOOODO



20 O10 00

uoboboobodoooooboboooooboboooobbbooooobbboooobobLbooOoon
gobooboobdooooobobooooooboboooobbooooooboooooboboboooon
gobobobooooboboooobobboooobbbdooobbbooooobbooOoo
O0000O000O0oO00o00oDodoooooooooosSipPoodooooooOoooOO
gobooboooooboboooooo



21

020

Jgoobobobobobobooddd
Jooooboon

21 0OO0OO

Oo00ooSiPO0000COOO00O0OQOOODOOOODOOOOODOOOODODOOODOOO
gobobbdooobobbboooobobbuoooob bbb bbb boooo
uoboobobodoooooboboooooboboooobbbooooobobboooobobLbooOoon
goboboboooooboobooooooboooobboooooobooooooboboooon
gobobbooooobobboooobbboooobbbooobbbooooobbooOoo
O000000O00O0O00oO00o0O0oO00O00oO00OORFOODDOODOOOUOOOODDOODOODOO
0000000000000 0oRFOOOOOOOOUOOUOOOOOODOODOODOOOO
gooboboooobobooooobboooobbbodoooboboooooobobooon
goboboboooobboooobbbuoooobbbooobbboooUbDbboooo
uobobobodoodooboobooooboboboooobbooooobbboooobobobooan
goboboooobbooooboboooobbbooobboooooboobboooobooo

22 00O0O0OO0OO0OOOO

00000000000000000000000000000000000000000
000000000000000000000000000000000000000000
0000000001608 (1.6 x0.8x0.8mm) 00001005 (1.0 x 0.5 x 0.5mm) 00000
00 0603 (0.6 x0.3x0.3mm) 00000000000000000000000000 2.1
000000000000000000000000000000000000000000
0000000000000000000000000000000000 22000000



22 020 O0O0OOOOODOOOOOOODOODOOOOnO

021:00000006030000

ugooubbooboooooooobboooouoobbbooooobbboooooboboboo
0000000000000 00000000000o00O (Equivalent Series Inductance:
ESL)D000O00O00O00 (Equivalent Series Resistance: ESR)0 00000000000
0000000000000 00000000 ESLO ESROOOOOOO0ODOOO00O0OO
0000000000 ESLO ESRO0O0OOOODOO0OOODOOOOOD ESLO ESROO

ESL ESR C

0220000000000

0000000 ESLO0OO000ODOOCO0DOO00OO0OoOOooooOooon

23 U0O0oooooobooooood

00000000000000000000000000000000000000000
000000000
00000000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
00000C4000000000000000000000000000000000000
000000000000000000000000000000000000000000
00000000000000000000

0000 2300000200000000000000000000000000000
000C40000000000000000000000d00000¢y000000000
00 !/000000000000000000000000000000000000000
0 Lyire 100000000 [41)0

Lwire

L P— 2.1
n d ( )
00 ¢g>d0o0on0

—InZ (2.2)

sz’re



23 O00O0ODOOODOODOOOoODoO 23

uobobobdoooobobboooooboboooobbbooooobbboooobobobooOoon
ggooobboboooooobobooouoobobbooooouoobbobooooobooobo
gooboboooobobbboooobbboooobbboooobobboooobobbooOoo
uddddoodoooobobooboooobobobobobobobobbbobbbobbb0oououuuugua
gobooboboooooboboooobooboooobbboooooobboooooobooaon

d

p— —
— 3

— —

g
023 002000

0000000000 pOO0OD0ODOODOODOO RyiredOOODOODOODO
5,
wd?
oo odoooooouooooooooooan
gbodoooodooogooouooodooodooonn

0000 2400000000000000000000000000000O0O0O0O0OO
O0o0o0dodoooooooooooboooooooooonD 20000000000000
ggotbbbbuoooouobbboooouobobbooooobobbbooo g @
00 wOOOO !00000000000000000 Lygne 00

Ryire = (23)

g
Lplane:,U/OEl (24)
0o0oO0 [420
O0D0DDOO0O0OD0OD0ODODODO0O0 pb0Db wODOOO tODODDOD!ODODODODOOODDODOD
RplaneDD 5
p
Rplane:El (25)



24 020 O0O0OOOOODOOOOOOODOODOOOOnO

024: 000000

0000 [420000000000000000wO0ODO0O0O0O0UOOOOOO!OO0ODOO
ugooooboobbooooobouooobbbbooooobobb oo bboooobooboobo
goboboooobobooooboooood
gdoobooboobboobooboboobboooboobbooboobboogoo
0000000000000 bO0bO0Db0DO0OD0D0O lmm OO0 1nHOOOODOODOODOO
250000000000 10000ODWOO0O0ODODODOOODOODODOOODODO
gogoooo W/\/ﬁDDDDDDDDDDDDDDDDDDDDD W=20mmOOOODO
000000000 0DO00D000 4YnHODDODODDOODOODODODOODDODO 260

Package

025 00000000000

OO00O00O0bOO0bOOo0o0o0obOOobOOobDOo 27r00b00bO0ObO0OO0OOO0OOODOODODODO
gobobobooooooboboooobbboooobbooooooboooooboobooon
goobboooobbboooobbboooobooboo



24 DOODOOOOOOO 25

14 nH
+
1v (L 2pF —— 1kQ

026: 000000000000
2.5+

I
"”lhl"'

— 300 MHz

l',

‘ —100 MHz

Voltage [V]

Time [ns]

027 00000000000000D0OOOO

24 00ODOOOO0OO0ODOOOO

gobobbdoodobbbooooobobboodobbboooobbboooobboo
uoboobobodooooobobooooboboboooobbbooooobobbooooobobobooon
goboobobooooobobbooooboobboooobboooooobooooobooboboooon
goboboboooobobboooobobboooobbbooobbbooooobboooo
00000000 00DoooOoOdO0D ESLOO0000DOO00oooOooooooooooo
gobooboooobobooooboobboooobbbodoooobbboooooobobooon
0000000000000 0000000D0OD ESLO0D00D0O0ODODODOO0O0O0OO0O0OO00
uobobtbooobobbodooobobbooobobbboooobbboogbnoboobg

241 O000O0OO0OODOO

0280000000000000000 [4346000000000000DOOOOO
0000000000000000000000 Metal-Insulator-Metal (MIM) OO 00O
00000000 18x14mmI 000000000000 O0OO 1005(1.0 x 0.5mm) O



26 020 O0O0OOOOODOOOOOOODOODOOOOnO

0603 (0.6 x0.3mm) 0000000000000 ODOOOUO0OOOOOOOOO

028000000000DO0DOOOOOOO0OOODODODODObODODOOOOODOODOD
gooodouoboooobooooooboooooonoooooooonoooooon
uoobobodooooboobooooobobboooobbbooooobbboooobLobLbooOon
gobooboooooboboooobooboooobbooooobobboooooobobooon
00000 450°COO0000D0000000000000O00DOO00DODOO0OO0O0O0O0O0
O00O0D0DO0DO0Doooo4o0°cCODO0DODOD0ODOOO0OOODODOOOODODOOO
0000000000000000000000 (Sr'Ti0s: STO)DODODOOOOO 11000
gobbboooobbboooobobbooooboobooooon

000000O0bOO0DbO0ooODO0oO0oO000bOOoDbDOosbbOUOO0bDODODODODOODOD
0 [4700 2.12001000pF 000000000000 O0ODO0OODOOOOOOOOOOOO
ggooobodoouoobbbooooguoobooobbbooooobbboooooobobobo
oo ooooooobouoonoouoboooo
00000000000 D0D00000000D0D000000QD0O0OEquivalent Series
Resistance (ESR) O Equivalent Series Inductance (ESL) 00 0000000000000
odooboooooouooboogooouooboooouooooooooogoo
gdoguobobboooouoobtboooooobbboooobbboooobbobooboboo
uobobobodooooobobooooboobboooobbbooooobbboooobobobooaon
gobooboboooooboboooobooboooobobodoooobobboooooobooon
gobobobdoodoobobobboooobobbuoooobbbdooobbbooogbobboooo
uooobooboooooboboooobobboooobbboooobobobboooobLobLbooOoon
goboobobooooobobboooobooboooobobboooooboboooooboobobooon
odoobdoouooouooboooooooobouoobooooooon

0000 2120 560pF 000000000 060300000000 00O00ODOODOODODO
000000000000000000000 21200 Surface Mount Device (SMD) O
000000000 Embedded Passive Device (EPD) 00 0000000000000 O0O
OO0O00Os60pF 00D000039pF 0000000 DOODOO 2000000000000O0
0000000000DO0dD 2000001 000000000000 ESLOOOOOOO
2000000000000 ESLODOOOO00OO0OO00ODODO0O00ODOOO00DoOOOoOn
000 ESLO0O00OD0O0OD0ODODOOO0O0O0O00O000OD0OOoDOo0oOoooooooooo
000000000000 0000000O0d000o0ooooooDoooooon 1.1GHzO
320MHz O 00000000000 OO0ODOOO0ODOO0ODOO0O0OOODOOODOOOOOOoOOO
godgoboooooouooboogooouoobooouoooooboooouoo
0000000 000o00oD 48,49 0000000000000000DO0O0O0OOO
0000000000000 0O0O0 ESLO0O0000O0DO0o0oo0oooooooooooo



24 DOODOOOOOOO 27

000000000 ESLO 3pHOODODOO O 21000000000000000000

0.6 mm Chip capacitor (0603)

B S
0.3 mm ¢ I l Tra?smission line Film capacitor

Build-up resin (FR-4)

1.0 mm Core substrate (FR-4)

Build-up resin (FR-4)

028 00000000000000 (0603)0000000000O0O0O0O

Electrodes
—— —"

1.8 mm

029 000000000000

Electrodes Metal
40 ym Dielectric (SrTiO,) 300 nmt
i Metal
< > Flexible film 20 umt
1.8 mm

0210: 000000O0O0O0O0OOO



28 020 O0O0OOOOODOOOOOOODOODOOOOnO

| M| T L | T L |
100 + .
3 N — Measured
——- Calculated
10 - i

)

N 14 i
0.1 .
0.01 T T LELELELELILE | T T LELERLELELELE | T T rrrrrrf T T T 1 1T rrr

0.001 0.01 0.1 1 10
Frequency [GHZ]
0211: 00000000000000 (1000pF)
10000
[ —— SMD (560pF+39pF)
1000 & —— EPD (560pF)
- 560 pF
~ 100
(]
o
C
3 -]_
e 10
£ 39 pE
1 -
0.1 el

1 10 100 1000 10000
Frequency (MHz)

0212: 00000000 (0603) 0000



24 DOODOOOOOOO 29

242 000O0OO

000000000000 0000D (43,50|01kQO0000000 1006000000
obobooobboooboboooboboob 2100bb0o0ob0booobobooobobo
goboboooobboooobooboooooboooooboboooooboobooo

Build-up resin (FR-4) Film resistor

Resistor material

Core substrate (FR-4)

B S
1.5 mm

0213 000000000

Electrodes

1t
Y

1.5 mm

0214: 000000000

243 00O0O0O0OOOO

0000000000000 00000 [p0j00 216 0000000000000000
uoobobodoooobooboooooboboooobbbooooobbboooobobLbooon
gobooboboooobobooooboobboooobbbodoooobobboooooboobobooon
O007mmO10nHOODODOODODO 2170000000000000000DO00O0ODO0ODO0O
wioobhobOoooooooooouoobobob 1ooooooobo 3obobOooooo
obobooobobooboobo 20b0oo0b0obo0obOoo 1o 30oboboboobg
oobooboooobooboooobobooooobboooOobobo 3obooboOoooDo
0000000000000 000000000000U0O0UO0O0OO ploooooDoooo



30 020 O0O0OOOOODOOOOOOODOODOOOOnO

10000 ¢
—_ 1000%
S
3 I
- —— SMD
S 100 L L
2 F —=— Embedded film
S -
()] -
1o}
1 1 L1 11111 1 11 11111 1 111 1111 1 11 1 1111
1 10 1000 10000 100000

Frequency [HZ]

0215 00000 (1005000000 (1kQ)

0216 000000000000

003000000000 47000000
021800000000000000000SO00D0O0ODOOO0ODOOOOOOOODOO
0O0O0wWOooOO0ooO00o0o00o0o037mwm 0000000000000 43000000
000000000000 OoD 45-37mmO000000O00OO0DO0OOCOOWOODOODOODOO
goboobooooobobooooboobboooobbooooobobboooooobooon
000 2GHzO0OOOOOOO0OO0OO0O0D0000D0DO0DO0DO0DODODODDODOODODODOOOODOOOO
OO0000O0oDO0bO0obO0oo0ooO0obOOooOooDooDOoDbOOoD0obOoO0 3ymOODOD0ODOO
O0000O0oDO0bOO0bOoo0o0obO0obOobOobDOob0oboboboooboooOonD 300 pum O



24 DOODOOOOOOO 31

ugooboooobooboooonoo

Microstrip line

Inductor

0217 0000000000DO0ODOO

244 0O0O0O0ODODOOODO

0000000000000 0000000000D0ODODDODDODODOO0O0ODO0OD0O0O02GHZO
O RFODOODOODODOODODOO 2190000000000D00000DO0ODODOODOOO
gobobobdooooboboooooobobboooobbooooobbboooooboobobooOon
gobbbooobobboooobbobboooobbboooooboboooobobobooon
goooo

ggboboboogoobooooooobobbooooobobboooobbbooobooboboo
OooobooooboobooboooOoboboboOo 2000000 bDOobDOoOooOoo

00boo0ob0ob0ooboboobOooboboo0obooDbooboDooboboo 220000
obo0b2210000000000O0000C0DbD0O0O0ObODbOO0O0ObObOOoOobObOoOoOobDbO
Oo0obOobO0obOOooOooboOoboDOobDOobobobobooboOoobo 2100000DO0DObDO
OooobooooboobD 1 3oboobooooooDo

go0ooboobobobooboobooboob 22000000000 bOO0oOobDOb
247 x 13.7mm 00 21.7x84mm 000000000000 5% 00000000

oooooobobobooboooooobob 2400000000000 0ODOODOD



32 020 O0O0OOOOODOOOOOOODOODOOOOnO

S,, [dB]

0 2 4 6 8 10
Frequency [GHz]

() 0000

S,, [dB]

-50

0 2 4 6 8
Frequency [GHz]

(b) DOOD

0218 0000000000000 O0O0OOD0O0ObOoObOobDOoOoDbOn

0000 5% 00000000000000000000000D000O000OO
gobobobooodobbboooobbbooodobbboodobbboooobboo



24 DOODOOOOOOO

EER7TOvIDHL

V=3 =RRER A

KA ST

0219 0000000000DO0OOO

RF module

REmi

Signal generator

—1A

SAW

Spectrum
analyzer

Local oscillator 1

Local oscillator 2

0220 0000000000000 RFODOOOODOOOOODO
021: 000000

0d 00 ooo 00

22 nH 1

Inductor 4 39nH 1

82nH 2

_ 1000 pF 6
Capacitor 8

100 pF 2

Resistor 1 56 k€2 1

33

ugooobobboooogoobbboooouobobobbboooobobbbooooobobbo
goboobobooooooboboooobooboboooobbboooooobboooooobobooon
0000 [5200000000000000000O000000O0O0OOODOOOO0O0ODOO



34 020 O0O0OOOOODOOOOOOODOODOOOOnO

Inspection Fixture

| L

RF Input ™ Local Oscillator 2

Impedance Matching Device

Local Oscillator 1

0221: 0000000000C0O0O0RFODODOOODOOO

02220000000 gogbooboogooon

goooboog (bogoooboodgn

Gain [dB] 87 85
NF [dB] 5.7 43

Oo0oboooooboooooboe03onboooooonono 1006 b0b000b0on0on

000000000000000 £5%0000000 +£10-15% 000000000000

0000000000000 000000 2002-100kQO000000 pFOODODODOOO
gobobobdoodobobbooooobbboodobbboooobbboooobboo



24 DOODOOOOOOO 35

obobooobooo sob0boboob 23000b00b0obDooboobobDboOobOooD
OO0o0o0oboOo 24000 1l6e000D00DO0Ol6eO0D0ODOO0OOOODOODOODODODODOO
000000000 22300000000 RFODOODDODODODOODODODOODO 2.24
o0booobboobboo 225000b0b0o0o0obobooboboooboboooboobo
O0D000Db000O0Db0o00O0bOo0obOO0DOOobOo0bD 20x16mmO00O0O0D0O0O0O0O0ODOO

023 00000000000O0O00O0DOO

g g

Inductor 2

Capacitor 33
Resistor 44

024: 000000

RN ugd |ooo | 0o

1k
22k
51k(2
1.8k
2.4kQ
12k

Resistor 16

— ==

r _.url-lulllll'l.

[ EE-:

() 00000000 (b) DOODOD

0223 0000000000000 RFOOOODODOOOOOOOO (20 x 16 mm)

0220000000000



36 020 O0O0OOOOODOOOOOOODOODOOOOnO

ST EAR B

IC IC| ---|IC

B PA [~ BALUN || R—Z/\UR
| sw [ BPF H{ sw ERIEIC LS| e
Em=
[
ESa—L KERESR KBRS

0224: 0000000000000 RFODOOOODOODOOOO

il

Socket Antenna Terminal

LY
......

Base Band LSI Module

0225 0000000000000 RFODOODOODOODO



37

24 DOODOOOOOOO

CH8

T FI-LINS
¢-dl
[-d1
0¢-d1
L-1NS
G-1NS
I-d1
8-dl
¢—-1NS
9-1NS
€-1NS
6-LNS
61-d1
9-d1
I-1LAS
G-yl
¥-LINS
¢1-1NS
8-1NS
y-d1

e-dlL
-
e

B SMT|
® TR

snuneenne?

01-LNS

0 © < 0 © < AN O
- - -

(WEP)f B E)F

12

10 11

—— SMT
—e—TR

9

8

HUTILES

() 0000
(b) DOOD

-100
-105

-110
0226: 0000000000000 RFOOODODOOOODOOODODOODOOO [52



38 020 O0O0OOOOODOOOOOOODOODOOOOnO

25 OO

gobobobdoooobobbooooobboboodobbboooobbboooLobboo
goboobobdoooobooboooobobboooobbbodooooboboooooobobooon
gobobboooobboooobbboooobbbooobbbooogobn

gobooboboooobboooobbooobboooobOo20l6e0oobbooooOD
OoooOoD 1500000006030 000000000000004020 02010000
OO0obOoooobOoooboo 22robob0Ooobo0obDOoobOoOobOobooobOoboOooboOon
goboobobdoooobobtoooobobbuoooob bbb bbb boooo
uoobobodoooobooboooobobboooobbbooooobobboooobobLbooon
gobooboobdooooboobbooooooboooobboooooobooooooboboooon
O00000Db00o0bDbo0o0oobboobobooo20le0b000DDbDOO0ODDODOO
goboboooobbooobobbouooooo

O000000000o0oO00oo0oo0oDoooooooooooooo ESLOOO0n
00000000000000000000O0O0000O0O000D0 ESLOODO0O00O0ODO
gobobobdoooobbboooobobbuoooob bbb bboooo
uoboobobodoooobobooooboboboooobbbooooobobboooobobLbooOoon
gobbobooooobobooooboobooooboboooooobooooobooboboooon
10000pF ODO0D00O0DOODO0OODOODOODOODODOOODODOOODODOOODODOOO
aono

26 000

SiPO0O000OO0OO0OOOO0OOOOOOO0ODOOO0ODODOOOOOUODOOOODOOOOOO
OobooboooOoboobooooboboooogoD 2000b000O0O0bDOoO0OOODODO
gobobbooobbbooobbbuooobobboo

ggoboobdoogoobooooooobobbooooobbbooooobbbooobobboo
goboobobodoooobooboooobooboboooobboooooobooooobooboooon
gobobboooobobooooboo

e 0D DODOOOUOLUDOOUOLOULDLOLOUOOCOLDLOUOOUODLDLDbDUObOOO
oo oLUL L O
goobobooooobbtoooobbboooobbboooobobboooobo
ugoboooan



26 0OOO 39

. —=—3216 ——0603 |
60 - ——2012 —<—0402 -
—4—1608 ——0201 1

'00 02 '04 '06 '08 10 "2 14 "6 18 20 '22

i~

'96  '98

Year
(a) DO0DOO
70 T T T T T T T T T T T T T T T T T T T
- —=—3216 —+—0603 |
60 - —+—2012 —<—0402 -
- —4—1608 —»—0201 1
—. 90+ —v— 1005 1
\O + 4
a0k i
o I
® 30} i
c -
Dol ]
10+ g
L -\-\-_— — e = o -
oL . v M N R} M NN
'96 '98 '00 '02 '04 '06 '08 10 12 14 "16 18 '20 '22
Year
(b) OO

0227 0000000000000000O0O [17]

e JIUODDDUOOOLUDOOOOULDLDLOUOOUOOOLDLDDLODOOUOLDLDbOOO
gbooboboobooboobobboboobooboobbobboobOoobo
ggobobooooboboboooobbboooobbboooobbbuoooobo
ggoboboooouooobooooooobboooobobobooboooobooboboooooo
ugn

e 0 UIUOUODDDUUOUOULDDLDDUUUUDLDLUUUUDLDbDbOUUULDDLDDOO
ggoboboogoooobooooboobboooobbboooobobbuooooobo
oooooooobOo s0opmO0O0O0O0OO0DOODODOODOOOOOOOOODODOD
goobbooooboboboooobbboooobbboooobDbboooobo
ggooo



40 020 O0O0OOOOODOOOOOOODOODOOOOnO

000000000 bO0o0b0 RFOODOOODOOODODORFOODOOODDOODOD
oooobooboobUoobOobobo0oobOoobOoOobUOoOobOoOobDOoOobDOoOoD 200
ggoobobobbooobooooobbboooobobboooobobbbooooobooboboo
000000 5% 0000000000000000000000000000OOOOOO
goboobobooooooboboooobooboboooobbooooooboooooobobooon
000000000000 00000000000000000000000 NECOOOO
Obo0o0obooboooobooboob 20060000000 Db0O0DODDOODOODDO
O (3|00 00000000000000000O0O00D0O0O00UO00DO0O00OOO
gobbboooobbboooobobbboooobboooooboboooobobbooon
gobobbdooobobbuoooobbboooob bbb bboooo
uoboobobodoooooboboooooboboooobbbooooobobooooobobobooon
gobobbooooboboooobobooooboboogooon

goboboboooobbobooooobobooodobbbooooobbboooobboo
uoobobodoooooboboooobobboooobbbooobobboooobobLbooOoon
gobooboboooooboboooobobboooobbooooooboooooboobobooon
gooboboooobobooooobboooobbooooobobbooooobobooon
gobobobodooooboobobboooobobbuoooob bbb bbb boooo
uogbobobodoooooboobooooboboboooobbooooobobbooooboobobooon
gobobobooooboboooobooboooobobooooooboooooboboooon
gobobobdooobobobboooobbboooob bbb bboooo
uoobobdooooboboooobobbuoooobbbooobobbboooobobLbooOoon
gobobooooobooobobooooooo

O0000o00o0ob0oobDb 2060000000000 DO0O0ODOO0ODDOODOODOD
gooobobdooooboboooobobbuoooob bbb bboooobobLbboooo
00000 (DNP)OOODDO0O0DO0O0DD00000D000000000000000 [b4]00
gobbbooobobboooobboboooobbboooooboboooobobbooon
goboobboooooboboooobbbuoooob bbb bboooo
uobobbooooobooooooboooobobboooobboooobLbbooonoo



41

0 30

2D-SiPO0O0O0OU0O0O0OOOOOOO
Jooooobobooboooddd

3.1 0O0OO0O

O000O02b-SiPO00000ODOODOOO0O0OODOOOO0OODODOOD 100000000
gobobobdoodoobbtoooobobbuoooob bbb bboooo
0000030000 3000000000000 0000000 PCOODOOOOO PCO
0000000000000000000000 [17000000000000000O000O0
00000000000000000000D000D00O000O002D0O00O0O SiPOoOO0OO
0000000 PCOOOUOO CPUOOOOOO Flip Chip Ball Grid Array (FCBGA)
gobooboooooobobooooboboboooobobodoooooboooooboobobooon
goobooooooooboooooo

32 00OO0OO0OO0O0OO0OOO

0310000000000000000000000D00O0 FCBGAODOOOODOOD
uoboboobodoooobooboooobobboooobbboooobobLbboooobLobLbooOoon
O019mmO0000000O00OO0O0O00O0O0ODO0O0O0 11lmmOO0002008 000000
O0 1bmmO00000 PCOOODODOOOOOOOODOODOCPUDODOODODOO
10000000 bo0o0obuooobooobooboboobooooboobobooboboOon
uobobooboooooboobod

03100000000000 (FCBGA)ODOODOOD 60000000 10000000
oooboooooooo

O O00000000oDooooooooo



42 030 2bSiPOO0O0O0OOOOOOOOOOOOOOOOOOOOOOOOO

(@ O0o0oooooooo

(3 0000000000000oooo0o0o0O

(» 0000000000000 0O0O00O0OO0O00O0O0
G O0O0O0ooooooooo

6 00000000000 ODODODODODOODODODO

Oe—hrrrIicib3

ST R R 5
@F v FERLIN \
B
11 mm
@CANY Zichkbz || ©kArn By
o R BT B TR

@ER)Cy o — IEIR
SLERINFEF

I—

GECHRBRHIRRET

’ O 0 AR R
A 4

0 3.1: FCBGAODOOUOUOOOOooooooooooooooood

33 doooooooogoo
331 000000

032000000000000D00D0OO0OO0D eO0ODOODOODOODODOODOODOD
goobbooobbuooobbuooobbuooobbbboobobbooobboooboo
oboodl3booboboooboooboobobooboboobobooboboobooobo
oo s0pm 000000 DO0OO0O0ODODOODODOODOOODDOODbOODbOODbOODbO
goobooboOobooobooobOoboobo0oobOobOobooobOobOobOoboobobooDbOo?
gobobobdoooobbboooobobbuoooob bbb bboooo
ooobooobboo 33b0oobobuooobobooobobooobobooobDboooobo
gobbboooobobooooboooood

0330000000000 000b000bD0oobo0oboobDoobOoobOoobOooD
0O 1mO00000000000000O0O0O0O00O0O0O0O Die Attach Film (DAF) 00O



33 0O00oOoooooooo 43

Copper Plate De—rRT7L v

Q@F v THHIRAlT
0.71 mm i — I L REERR IR GRERFNEER
@27 L REIR
ORBEA VT IT VR
Copper posts SRET Al

032 00000000000O000DO0OOO0ODOOO0

oos00mO00000O00O0O0DOO0O0ODODO0ODODOO0OODODO0ODODO0ODODOOODO
uoobobdoooooboboooobobbuoooobbbooooobLbboooobobLbooOon
gobobooboooooboboooobooboboooobobooooooboooooobooon
goboboboooboboboooobbbboooobbbdooobbbooodbobboooo
goboboooobbuoooobboooobbbooooboboo

LSI chip (50 pmt)
_— Cu posts
Y, p

¥ ] nimimin I I I
Cu plate (500 pmt)

1. LSI chip mounting on Cu plate 4. First metallization layer formation
Resin ‘ ‘
By By Eimiiy B B B
2. Resin lamination 5. Formation of remaining layers
} ~
I || [
T [ I

3. Resin grinding T 0O OO0 U OO0 O O
6. BGA formation and dicing

033: 000000000000000 [34]



44 030 2bSiPOO0O0O0OOOOOOOOOOOOOOOOOOOOOOOOO

332 000O0O0OOOO0ODOOO0

ooobboooooobobbooo eoobobobboooUobbboooUUobDboD
uono

“0000D0O0O00”000000000D0ODO0000ODOOOO00OODOODOO0O0
gobobobdoooobobboooobobbuoooob bbb bbb boooo
uogobobodoooobooboooooboboooobbbooooobbboooobobLbooOoon
0000000000000000000000000000000000 DAFOODOO
0000000000 DAFOOOOO0ODOO0DDOO0ODOOOOO0ODOODODOOODOO
gooboooooo

“©@0000000700000000050m 0000000000 O0OO0OOOOOO
0000000000o00ooO [16,20,21)0

“®»0000000”0000000000D0DO0O0O000O [3s)O0000UDOODOO
ugoooboodoooobboooouooboobbobooooobbboooooooboobooboo
0000000000000 [(b-57000000000000000000O0DOO0OOO0
O00O00Oo00o0O0O0bOoO0oO0bOO0obOooO0DOD40000000DO0O0ODODODOO
00000000 8000 0i0o00000o00oo0oUo0oUoooooooon
dddooooooooobobooobobbobbbbobooooooooooooaaa
O00 2000000000000 0000DODOO0O0O0ODDODDODDODOO0OUODODODDOO
goboboboooobbooon

“@0000007’00000000000000000 [25,30,33| 0000000000
gobbbooooboboooobbobioooobbodooonooboooobobbooon
gobobobdoooobboooobbboooobbbdooobbbooUbobbboooo
uobooboboooobobooooboboboooobbboooooboboooobobobooaon
gobobobooooobobbooooboobboooobobooooooboboooooobooon
gobobbooobbbooobbbuooobobboo

“90000000000070000000000000D00O0O00O00ODOOOO00
00000000000000 (5800 32000000000000000000000O0
00000000 07TlmmO000000000000O0 FCBGADODOOOO 1.9mm O
goooboobdooooboboooobbbuoooob bbb bboooobnbboooo
O00D0FCBGAOOODODODODODDODOOODOOOODODOOOODODODODODDODOODOOOOO
0000000000000 00000000O00D0DODO0000O00 FCBGAOODODO
goboobobdoooobobboooobobboooobbbdooobbboooUbDbboooo
dddooooooobbobobooboboobobooboboooooooooooooouooooga



33 0O00oOoooooooo 45

000000 9 00000000000000000000000000O00O0O0O0OO0
gobobobooooooboobooooboobboooobobodoooobobboooooobooon
oooboooobobuoooboboogn

333 00000000 DOO0OOOooooooboon

0000033.1000000000 OO O000O0O000DODDO00DOO00OoOoOOoOoon
uogbbbooobobbooooobbooooobobboooobbbouoooobnoboog

3331 0000OO0OD0D0OO0ODOOO0ODOOODDOObDOODOOg

000033.1000000000 @UUODODOODODDODDODOODODOODODOOOOOOOOO
000000000000000000 34(a)0000000000000000O0O0DO0O0
ooboobooobo110oo0ob0oo 200b00b0O0oo00obO0bOO0OooOOobDOoobOOoDOoDO
goboboboooobboooobbboooobbbdooob bbb boooo
000000000000000000000 (Inverted Microstoripline: IMSL) 00 0O 0O
00000000000000 BGAODODDDODODODOOODODODOoOooooooooooO
34b)00000000DOOOOOD 10000000 OODOODOO

Copper Plate Copper Plate

(Floating) Ground Inverted

>+ microstripline

structure

LSI chip LSI chip

Copper post

Microstripline Signal
structure Otrerfunciions

Other functions

() D0DODO0ODO0ODOOODOODOD (b JODODODODOOOODOODOO
034: 0000000000DO0O0O0O0ODOO

gobbboogobobboooobbbooobobbbooooboobobboooonboboboo
0000000000000 0000000000D00O00DOoO0OO 35()000000O1



46 030 2bSiPOO0O0O0OOOOOOOOOOOOOOOOOOOOOOOOO

Copper Plate Copper Plate Copper Plate

(Floating) Ground Ground

LSI chip

LSI chip LSI chip LSI chip

Copper post Copper post Copper post

Erb Erc Erd
Ground Other functions
Grounding vias Grounding vias

Other functions Other functions Other functions

Ground

Ground

(a) 00D (b) OO ()00 +000000 (d)DO04+000000
00000000000

O35 000000000000 DO0DbD 1000b0oO0bOon

Chip 30 um Cu plate

Grounding via ==

Cu plate

—— 4
Ground layer

036: 0350 “(¢c)00+000000”0000000O0

oo ooooobobobbobbobbbbboobobobobobonog e,0ugg
000000000000 1000000000 ooooooooooouon 8.5Mb)ooO
OO0 100000000Db0b00000o0ob0obObooo0DoDb0ob0b0 ep00O0DODnO
gobobbdooobobbboooobbboooob bbb bbb boooo
0000000000000 0000000000000000o000O 35(c)oooooa
oooooooooooobobobobO e .00Db0ODbDObOOOOD3600D0ODOODOO
gooboboooobobooooobboooobbbodooobobooooobobooon
0000000000000000000000000000000000O000OO 3.5(c)



33 0O00oOoooooooo 47

uoboobobodoooooboboooooboboooobbbooooobobboooobobobooon
000000000000000000003.5(d) 0000000000000 000O00O0
0000000000000 000000 e,q0000000035(c)0000000O0DOO
uobobboooobbboooobobobouoooboobooboa

ggodgobboodoooobboooooobboooobboboooooooobobooa
000000000000 0000DO0D000DO0O00O0OEMIDODDOODOODODOO
gobobbdooobobobooouobobbuoooob bbb bboooo
uoo

3332 0O000000O0OOOOOOOOO
000033.1000000000 @®O000000000000D0o0ooooooo
000 200000000000000000000000000D0DO0ODODOODOOOC40
oddodoooootdooooodoooooooooooooooooodoooon
0000000000000 370000000000 00C4000000000000
160mO 000000 320bmO00O00000O00O0O0ODO 160pmO000000DOOODOO0
0000000000000 000 nO00000000000000 1710 sO0000o0 dd
gogooono gbooon
g—d

n<? 975 i (3.1)
[+ s

OoboobOoboboO0ooobobOobobooooboobobooooObDOn=400000 500
0000 1000000000000 00D000b0O0D0b0l =s=240g9 =3200d = 160
000000@3.1) 000000 280000nr=40000000000000000000
0000000 2000000000000000000000 100pm0O C4000000
000000000O0d=100000 (3.1)000000000O00OD 4000000000
oooooobobo l1oobboooobobboobob s00oU0UobbboUoo 200DbD0bO0O
0000000000 0000C40000000000000000D0O0O0O00O0OODODO
ooo0ob0o0oboobooboobooD 10 OD0OO00D0O0O0DOO0O0DDOO0ODDO0ODbO
000000000o0o0oooooooO (Line/Space: L/S) 0 24 pum/24pym 000000
oboobooboobgoosuouobuooboob 1oboobuoobooboobuoobo
00 L/SO0000000000000000000000020um/20pm 0000
obo0oDo0obOo0o 1loboboobooboboooo



48 030 2bSiPOO0O0O0OOOOOOOOOOOOOOOOOOOOOOOOO

Ground plane

L/S: 20 ym/20 ym 220 ym 320 ym 320 ym
(b)DDDDDDDDDDDDD (C)DDDDDDDDD

037010000



33 0O00oOoooooooo 49

3333 ODO0OODOOOOODOODOOObOODODO
000033.1000000000 @ODODO0DO0OO0O00DODDODO0ODOO00OOOO0OOn
obobooobooboboobooooboobOobobooboobuo 1oobobooobo
OO0O0ooOooOOdobOOo PDNOOOOOODOODOODODOOOODOODOODODODODOO
gooboboooooboboooooboboooobobbodooobobooooobobooon
00000 PDNOODOOOOODOODOODOODOODODOOOODOOOODODODODOO
goobobodoooooboboooobooboboooobbooooobobboooooobobooon
00000000000000000000000O0D 60000000000 DO0ODOO
goboobbdoooobbboooobobbuoooob bbb bboooo
gobobbooobobbooooboobooooboboooobobooon
0000000000000000000000000000O00000 [e0j0000O0
000000000000 0008UDb0DbU0DbOU0bO0O0DUODO0400000D0O0DODOO
obooboobobooboobooboobboobDbooboobooboboooob3obO
0000100000100 BGAOODOOODODOOOOoOooooooooooo20000
000100000100 BGAOOODDODODOOODODoODOooODooooooooooooooo
obo0ooboo30boobobobobooboobobouooboobUoboobobobobo
0000 100000 30000000000000000 FCBGADODODOOOD 6000
00010000 [60)00000000000000D000 100000 10000 200
oooboobooooooo
gbooboobooboobooboobooboobUoboboobuobobo 38UuUuD
goboobobooooooboboogoobooboooobobodooobobbooooooboooon
ddddooooobobobobobobobobobbbbbbbbbbooboboooooouoguouogao
gobooboobdooooboboboooobobbuoooob bbb bbb boooo
oboobooooboobosguubuobobobobn 20bobobOoboboobooba
000000000 (23)00000000000000O00O0OOO0O0O 300pmO0OO0O
O8oymdO00d000000O0O 1I000pm 00000000 DO0OOO0ODOOODOODOO0ODOO
O056nHOODODOODOODOOODOOODO0ODO 8OwmdODOOO 35pymid0O0OO0OoOO
S00mO00000000D0O0OO0OO00ODO0ODOOODO0ODOOODO 00MnHEODODOODOODOO
01/1600000000000000 38(x)000000D000O0OUOODOOODOOODOO
ooos00pmOI00O000D00000O0O0O0OO0DODOO0O0O0ODODODOO0O0O0OD 1000 pm O
000000000000000 0 38(c)000000D0D0OO 70000000DDOOOO
o0bo0o0o0ob0o0obOobDo0o0obO00 1oboobobobooboooDbo
gobobobdoooobbobooooobbobooooobbboooobbboooobLboo
000000000000000D0 [26,61]. 0OOO0DO0O0OO0O0OO0OODOOODOOOOOOOO



50 030 2bSiPOOO0O0O0OOOOOOOODOOOOOOOOOOOOOOOO

0O um

4
250 pm 500 pm

Via occupation area

(a) 000

500 um 1000 ym 150 pm

800 um

Via Occupation Area

(b) DO OO
Reference FCBGA (1000 pme)

Embedded LS| Package (500 pme)

(c) Comparison in the occupation area of the via.

038 0000000DO000O0ODO



33 0O00oOoooooooo 51

uobooboobodooooobooboooobobboooobbboooooboboooobobobooon
ggodgooobobobobobooboooobobobbbbobobooooooooououooaaa
oooboooobbooon

3334 0OO0OODOOODO

00000000 300000o0oboo00oooooooooooooooooooooo
uobobobodoooobobboooobobbuoooobbbdooobbboooobnbboooo
oboobooboooboobooobobooboobbooboobooboo 33.1o0bo0ooobd
000 aOO000000

gobobobdoooobbtboooobbooooobbboooobbbooobobboo
obooboobo yuoobooboobooboobooboobooboobuoobo
gobooooooOoboooooOOoboooobOoboooobOobObOOoDobDoobD 400
godooboooooouoobooooouoobooouoonoooooooooo
ugdoguooobboooouobobboooodouobob oo oobLbbooooLbLbo
goboboboooooobobooooboboboooobboooooooboooooboobobooan
odooboooooodoobooooouooooooooooooooouoo
gobobobodoooobobobboooobobbuoooob bbb bbb bboooo
oboboooboobobooboob 200b0b00b00o0bOobDbo0obOoOobobDboobo
0 00 00 OPower Distribution Network (PDN) 00 0000000000000 DO0DOO
gobobobdooobobbboooobbbuoooobbbdiooub bbb boooo
0000 pPDNOOOOOODOODODODODODODODODODODODODODOO 2
gobobobodoooobobooooooboobooooobobodooooboooooobooon
gooooboooouoooooo

C4 bumps Logic LSI chip

> m Package

N\

Signal line

Decoupling Capacitor Memory

o oosusiees

DC Power Supply Board

Ground Plane

Power Plane

039 0000000000DbO0O0bOOobDOon

goboboooboobooooboobooobbooooobobooubboooobobooooboo
oooooooooooooobobob0obobOobOoDb2b0b0b0obobobooboO
00000000 1000000000 0000DLD0DO0OO0DDO0ODO0O0DDOO0ODOOO0DOOPDN



52 030 2bSiPOO0O0O0OOOOOOOOOOOOOOOOOOOOOOOOO

uoboobobodooooboboooobobboooobbboooobobobboooobobLbooOoon
O00oOdOooOoPDNDODOODOOOOOOOOOOODOUODOOUODOUODODOODOODO
000000000000 0000O00O0D00DO0O000DO0DO0DO0DO0DO0OD0OO0O PDNO
uoobooooooo

OO0bOoobooobobooOobooboOo s oooooboobooboboboooboobogoo
Ooo00o0ooOo0obobDo0oboob0obDoobOoob 1000 bobDoOoobOobDooDbO
goboboobodoodobobboooobobbuoooob bbb bLbboooo
0000000000000 ADDODODOOO0DO0D000D0DUO0DO0O0 BOoODoDoODoDoOoOoOOoOoOoOo
00 A0000OO0OO000ODOOO0ODOOO0O0OOO0O0ODOO0OODOO0ODODDOODOOOO
gobobbdoodoobobboooobobbuoooob bbb bbb boooo
uoboboobodooooboboooooboboooobbbooooobbbooooobobobooOoon
goboboboooobboooobooboboooobboooooobooooooboooon
000 BODOODODODOOOOODOOOOODOODOOODOODOODOOODODOOODODOODOO
uogoobobooooboboooobobbooooobbboooobobobboooobobLbooOoon

uoboobooooooboobod
I
JLL

VOOV 0OVLVLUO
PathA  Path B

0 3.10: O00OO00OO0o0obooboobooobooo

gobobobdoodobobbooooobbbooooobbboooobbbooobobboo
OO000o0O0obOO0bO0obO0o0ob00obO0obOOobO0obO0bOooOooOOooOOoDOo pPDNODODOO
gobbbooooboboooobboboooobbbodooooboboooobobbooon
01000000000 bO0bbOO000o0oobbo0ooooooDobboooUoobbboo
aono

03l1l10000000b00o0o0obooooboobooooboboDoboboobDoobooo
00000000000 00D000000000D0000 AODDOOODDOODOOOOOO
OO00000OO0ODbO0DOO0obDOoO0oOU00obOO0ODbOoDOoOOoOOoOooOPDNODOOCOODOOOOO
gO0ooOoo0o0oooooboOo0o l1oob0ob0obOobOobO0o 40b00b0DOob0OoboOobooboOoo
0000 200000000000 300000000D0O0O00O0O 3110000DO0OODO
uoboboobdoooobobboooobobbuoooobbbdooobbboooobnbbboooo



33 0O00oOoooooooo 53

gbobooobooboboobuobobobobooboboobDooboboD nOobOn+100
ogoooooooooooo L, 00 n0000000000000 Ly, OODODO 311
o0bO0o0o00 3.1200000000000DO00O0DDODDOO0ODDODODDODDOOODODDOO
OO0bDO0O0oO0 NOODOOD 3110 N=20000 0 3.120000000000D000 3.13

PDN inductance

-
T 1
PDN inductance A L

: j_ﬁ A_ﬁ - Layer1
Via 1 ™ — - - - - LazerZ ..
i cround O O
Via 2 —

| Layer3 .- O O Power

~Layer4

Via3 — /"=

Ground Power

.
’ .

[}
[}
]

]

Y,

03.11: 00000000000: 00000: 000000000000 AO

odododooooooooooooooooon
O0o000oodooooooooo 3oo0ooooooooooooonon 300o0a
OO0 PDNOODOOOOOODODOOOOO0DODOO0 3.13000000000LL,300000 30
odo0ooooooon
Lpy + Lyt + Loz Lys + Lpg

= 3.2
Lvl + Lv2 Lv3 ( )

oo [62]|:||:||:||:||:|DDDDDDDDDDDDDDDDDDDDDD 2000000000
ddodooooooooooooooooooooooooooooooooooooon
gdodooooooooodoouododoooooooooouououooooon
dboobouoooouoouooooooodooooonoooooooouoooon
Electro-Magnetic Compatibility (EMC) D 000000000000



54 030 2bSiPOO0O0O0OOOOOOOOOOOOOOOOOOOOOOOOO

PDN impedance

03.12: 031100000

L1 + Ly Lpy + Lyt + Lo
Lps

L3 Ly3+ Lpa

O03.13: 00000000

(3.2)0000 3.110000000000000000000000000O0O0OUOOUO
ooooooooooodg Ly, L, OOO0O0O0OO0OOOOODOODOODODODODODOO
00000 3.130000000000000000D00D0 LODODOODOODOODOOODOODOO

(L3 + L4)(L2 + L5)
L=1L+ 33
YU Lo+ Ls+ L+ Ly (3:3)

oood
L,L
L =— a7
L,+ Ly + L.
LyL,.
Lzzb—L
L,+ Ly+ L.
L.L,

8T Tu+t Ly + L.



33 0O00oOoooooooo 55

Ly = Ly3+ Lpa

Ly = Ly

Lo = Lp1 + Lyt + L2
Ly = Ly1 + Ly

L.= Lps

000000Lpy =Lps=Lps =Lpa0 Ly =L,s 000000000000 Lpy > Loy
000 Ly < L, 000 (3.2)00000000000Ly /L, 00000000 3000
000000000000 000000000000000000 PDNOOOOOOOOO
000000000000000000000000000000000000000000
0000000000 Ly =16L,,0000 Ly =L, 00000000 300000000
00 3.1200000000 NOOOOON=2,5100000000000000 3.1400
00Lm/L,00000000000000000 (3.2)00000000000PDNO0O
0000000000000000000000000 (24)00000000000000
000000000000 00000000000000000 PDNOOOOOOOOOO
000000000000O0ONOOOOOOOOOO000000000Lpy > L, 0000
00000000000000000 N=1000000000000000000000
0000000000 000000

00 ADODOOCOOOO0OC0OO00O0000000000000000000000000
0000000000000 00000000000000000000 5%0000000
000 05% 00 PDNOOOOOOOOOOOOOOOODOOOOOODOODOO0OOOO
00000000000000L,;=0000000000000000000000000
000000000000000000 5% 0000000000 05% 00 PDNOOOO
00000000000 AOOCOOOOOOOOODOOOODOOO00000000000
000000000000 000000000000000000000000000000
0000000O00oo

000000000000 00000000000000000000000000000
000000000000 000000000000000000000000000000
000000000000 000000000000000000000000000000
ooood

03150000 BOOODO0O0OO0O0O00O0OO000O00 3.160000000000000 B
000000000000 000000000000000000000000000000
000000000000000000000000000000000
23000000000000000000000000000000000000000



56 030 2bSiPOO0O0O0OOOOOOOOOOOOOOOOOOOOOOOOO

? RRLLL DL LLL L LR DL L LA IR LL DL L LLL DL L L LL DL LA LL IR LLL B AL L

SN

2~100 . .

(O]

(&)

&

o 80+ s

3 | =~ N=2 (Build-up)

£ ~=- N=10 (Build-up)

% 60 - o N=2 (Coreless) L3-Open ]

o - == N=10 (Coreless)

[

g 40 .

= | -4-N=2 (Build-up)

; ~4-N=10 (Build-up)

& 20 - v N=2 (Coreless) -3 Short .

g - —#- N=10 (Coreless)

S 0

- ML DALY B L LY DL LR LAY LR ALY IR LLLL B AL LLL B LLL IR AL LLL B
10° 10* 10° 10* 10" 10° 10" 10> 10°® 10* 10°

plane/Lvia

03.14: 0 30000000000000000O0O0ODO PDNOOOOOOODOOO

0000000 ¢00000000 wOO000!000000000000 Lpgne 00

g
Lplane = Mo El (34)

0000 [420(24)00000000000000000 wOOOO0OOOO0OO0O00000O
0D00D00000000wOD0O0D0000000000000000000000dO0000
00000000000000000000000 1/100000000000000 1/100
0000000000000000000d000000000000000000000
00000 BOOOODOOOODOOOOOOOOODOOOODOIROOOOODOOO
0000000000000000000000000 [63]000000000000000
0000000000000 00000000000000000000000000000
000000000000000000000000000000000000000000
000 p000 wDOODO 00000000000 Rpjane 00

p
ane — —1 .
Rptane = 2 (3.5)

0000 420000000000000000 MIL-STD-2570000000000000

t=3umI0000000000000 10°COO0000w =04mm 000 1.0 AO
w=1.0mmOO0 22A000000 [64)000000000000O0O0OOOOOOOO



33 0O00oOoooooooo 57

uobooboboooobobooooobobboooobbbooooobobboooobobobooOon
gobboboooobbboooobobooooooboooooon

PDN inductance

8-

Tt
PDN impedance l l

8-

IR A

Via2 —

Layer3 .-
~ Layer 4 .

Via 3 — "=

O03.15: 00000000DO00: 0000b0: 0000000 O0b0obO BO

OO0 BOOOOOOOOOODOOOOODOOODOODUOODOOOODUOODOODOD
goobooooooboooooboboooobbbodooobobooogobobooon
0000000000000 0 A0D0DO0DODO0OOOOOODOODOOOOOOOOOOOOOOO
gobobbooobbbooooboooboooobobboooobbooooonoo

334 0O0OOOO0ODOO

O000000OOoO00oOo0d0oDoo0oooOoooOoooooooooogooPpPCcOOOOOO
gooboboooooobooooobboooobbodooobobooooobobooon
00 317000000000 0000000O0 PCI-ExpressH USBOOOOOOOODVIO
ooooobbooob 310b00obobbooooobobboboooooboboobooon 1500
O0oobOooOooOoooobobgooo 1ooboobobobooboooboboOobOooDosboOon
0000000000000 0O0DbO000O0DbO0 3200000000000 400 MHZzOO



58 030 2bSiPOO0O0O0OOOOOOOOOOOOOOOOOOOOOOOOO

PDN impedance

0 3.16: 0 3.1500000

Memory

USB || cPU(SoC) —| Ethernet

Audio | . DV

[ PCI-Express

0317 00000 PCODODDODODOODODODOOO

O000D0000D00O0O DDR2-5330000
gboboboobooboboboo . yuoboboooboobo 3.190b4n



33 0O00oOoooooooo 59

031 000000000000oo

oo oo [V] |0DDODO oo

oo 1 1.2 454 oooOo

oo 2 1.8 42 | DDR2-SDRAM OO

oo 3 2.5 4 /000

o0 4 3.3 38 I[/000

o0 b5 1.2 8 PCI-Express
oooo1 501 | OO 1400000
oooo 2 8 o0 500000
gooooo O 450

0o 0 1500

03200000000

OO00oooooooo| oooo

ooo 7.5 mm O —

ooono O 1500 —

0ooo ooooo 160pm OO OO —
00 50 pm 750 pm

oooooo 400 MHz —

oodad 27 mm [ —

a0 oooood 625 —
oo 0.71mm 1.9mm
ooono 3 6




60 030 2bSiPOO0O0O0OOOOOOOOOOOOOOOOOOOOOOOOO

LSI Chip Side

Ground Layer 1
Build-up Layer
Layer 2
Build-up Layer

Ground Layer 3

Core Layer

Power Layer 4
Build-up Layer

Power Layer 5

Build-up Layer
(BGA Pad) Layer 6

Board Side
0 3.18 0000 (FCBGA) gogd




33 000DO0O0OOO0OoOog

D 3 ¢ p M ¢ d 4 ¥
p § :
P § p 3 ¢ P X ¢
) § ¢
- e
= ;
35 2
B ) 8
i B a4 F & 2N i
e
B B
i Lo 120 S 1 =
B £ m B i
i i ;8
e ¢ )
5 B WM M ) i
4 i @ ¢ . i
i il i B
: H i
: i i
7 ’ i
(c)O 3D (d)o 40
* ¥
! x o x ®

s G B
=
i
(f)o0 60
Power 1 . Power 2 Power 3 Power 4 Power 5 Ground Signal

0319 0000000000DO00000O0ODO00: 27Tmm OO0

61



62 030 2bSiPOO0O0O0OOOOOOOOOOOOOOOOOOOOOOOOO

335 O0oOoOoooboooboono

gboboooboobobo 3oobooboboboboobobDoUobooboboooo
uoobooooooon

Chip
Ground
Build-up Layer
Signal
Build-up Layer
Ground

Signal

Sulcup Layer

Stiffener

Ground Signal
Buid-up Layer Ground .
Core Layer Ground Signal Stiffener
Buic-up Layer Ground

Core Layer

Power Power Ground Signal/Power

Build-up Layer Build-up Layer Build-up Layer Build-up Layer

Power Power Power Ground Signal/Power/Signal

Build-up Layer Build-up Layer Build-up Layer Build-up Layer Build-up Layer

(BGA Pad) (BGA Pad) (BGA Pad) (BGA Pad) (BGA Pad)

Power

Build-up Layer

Power
Build-up Layer

(BGA Pad)

BEA #BiEB BiEC BiED BEE BEF
Step 1 Step 2 Step 3 Step 4 Step 5
Ol N AT O O
@F v 7l O O
Q¥ —LL X O O O O O
@37 L AER O O O O
OFBEA VTV > AKE O O O O
©RER TR O O O O O
0320 00000O0OOOooOOoOoDOoOoOoOoOon

oobodobo 3200000000 oboooboboobobboooboboobobooooo
OoooboOOobOobo0ooO0bO0obooooboobooboobDOoboooDoDoooboOoed
FCBGAOOOOOODOOD AODODOOOO0D ADODOODDODOOODOOOD 10000000
O0000000000000000BGAOOOOODODODOOOOOOO 2000000 100
o3fdboobobooobuoobobooobuooboboooboobobDboobobDooDbag
0000 “@0000000000000000”00000000DODODODOOO ADDOO1
goboobbooooobbboooobobbuoooob bbb bbb boooo
uobobobodooooobobooooboboboooobbooooobobbooooboobobooaon
gobobboooooboboooobooboooobbodoooooboooooobobooon
OO0 BOODOODO

00000 BO “@00000000000000000000700000000000
BOOODOOOO (800pum) 00000000000 D0OOOODOOOO (3bpum)00000
0000 COO0O003.3330000000 2000000000000000000000O
goobooooboboooboboo20b0b000b0bo0o0oobDboooobbooooo
00 CO000O0DO0O0ooUoOo0DoOoOooU0ooooOOoDO0OooUooOOoDOoOooDUooOooo



34 0DOO0O0ODOOO 63

oobooobobboooooboobo3s3d3d2ibopbooooboboooooboboooooboboo
20pm 0000000 0ODO0OOOOOODOO0OODODOODOODO2D00000D0ODOO
oo0oo0oobooooo 0pmO0O000D00D0O0ODOODOO0ODODOODODODOODO
O00“®mO000000000007000000 COODDODOOOOO 10000000000
bDOOOoOO0OO0DOOOOOOOobDOoOoboOoo EOOOO

O000“00000000D0DoOoo0oo0oo0o0o0”o000000D0 E0DOD
000000000 DO0ODO00DO0 FOODODOOODOODOODODOOODOODOO
OO000O00obOO0oO0bOoOO0oO0bOOobO0o0obOOoOobOoO EOODODOOODODOOODOO
O0obOOo0oboboo0 sspymdOO0ODOOO0DOODOOOODODOODOODOODOO
Souym 0000000000 DO00OD0O0O0ODO0O0DLO0ODOO0ODOOO0DbOODO0ODOODOODbDOO
O0b0o0Oo0o0OOobOoOooOobDOobOobO0bobO0obOOobOoooOOobDOobOOobOobObOD FO
goobOoobOoobOOoboOoOobOobobOobOU0oobOobOOoOobDOobObUobOUOoOo EOODOO
oo0ob0o0oboooboboooboboobobD 200000000 D0O0DODODO 100DO
0000 20pmO000C000OOO0OOOOODOODOOO PDNOOOODODOOODOODO
gooboboooobbooooobooogd

336 OOOOOOOOO

O000o0o0oo0oboOooooooobO FoooboooooOo 32200000 100000
0000000000 000000000000000D 200 BGADOODODODOOOOO
0000000003000 0 E0bOO00O00DOO0bOoobOobooooOoDOobDoooOoDo
Ooo00ooOobOO0bOOobo0o0oboOooOOobDOobOobOobOoUo pPDNODOOOODODODODOO
000000000000000D0O0O00OD0 BGADODOOOOOoOoOoooooooooo
gobobbdoodooboboooobbboooob bbb bbboooo
O00000OO0ObOoDOOobOOooOOobOU0oOobOOobDOobDOoOOoOoOooUooPDNOODOOODOOO
goooogo

34 00O0O0OO0OOO
341 0000

0000000000000 (S2;) 000000000000 uo 32300000000
000000000 [37 00000000000 SO00000000000O0OO0O0Og
0000000000000 00DO00O00DO0DO0ODODO0ODOO0ODODOO0ODO 05dBOOO
Oo0oopoos5dBO0O000O0O0O0O0OOOO0ODODOOOODOO

000000 33000 26TMHzOOOOOOOODODODOOODODOOOOOOOOOODO



64 030 2bSiPOO0O0O0OOOOOOOOOOOOOOOOOOOOOOOOO

@
°
°
L]
) @
()
o0 =
S
o0 o
8 =0 D o
e ®@e e 0 @
e 0080 2> oo % 0
@0 00 ® o200 80,
@ § e o [ ] [}
o8 8 o 8o o8 ec o000
o® © e g 00008 Joe o0l
8 =l e 060 0 00 o8
o £ oo e'ﬁﬂ‘lui.Qﬂ
e 0 oo fo008 0 0 =g &
@ 8 coeooo00000%e e
(a) 010 (b) O 20
° POOOOOOOOOE °

AL

Power 1 “Power 2“ Power 3 Power 4 Power 5 Ground Signal

0321: 00 EQDO00OOCODOODOOOOOODOO: 2T mm0O0O

00000000 50Q000000000D00O00000DOOO000DDODODOOO0DODODO
goboboboooobbuoooobbbooob bbb bboooo
uobobobodoodooboobooooboobobuoooobbbooooobbboooobobobooan



34 0DOO0O0ODOOO 65
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