LA E

Al AIA'E P8R blockE 9] A%l
&3l whel ol Bd, CPUS wna),
CPUS} CPUZH, = 7ingt 253 3P e
A7 T FelA, QIEIF 0| A (1/0) o)A b
OlElE AEsh U9 X AsS Aldkels @
22 AL 9tk QEHolAY Aee
block¥} block& 178}= A (channel Fi=
transmission medium) 2} &8]% EA)¢] m}a}

]6}5]1:;1] ol A0 NTE % 4ol Al
T &Y, M, AHARE Sojny =L
QIS E& F 7P} QEFol A HAlA
AFgEOITh <18 D2 NZE A
ok QEHo|AS TASHE Q4SS B

2

$407] (transmitter) = U)X Y ARE N5}

RTe m

et &
3

K]

[ﬁ\ﬁ% o R
Lo Channel j p

(O 1) MSHE AAHIS| £A17] channel,

2417

& (signal waveform) & Wash= HFo|y
TA17] (receiver) = channeld %3] Ad45 o
WA gl g ogRE Zao gxE A
HE E38k= 3tolo}. Channeld 777kl
FEA o) Zol, 327 el ML microstrip
A Yol M= (on—chip)
ofe] 7H4] wire configuration®] 7Fs8lt}. SA41
JH o= M) BAIE s1dsh] 94
differential signaling 7|¥o] Wo] o]-&% 1
At

FE AAAIE] AHgo] Tk, 7T
2 o] Fort A, g B2 75 '5}
vhe] ol YA ok 19 4¢ 7)2 2a4dF
%) SoC (System—On~Chip) 7%= Alg3shd

block# block?te] EA1AZ], £ channel?] 2
o7k v5- Aojd = Qlrk Falo] B blockE
= 9l olE 4o} 3 o7 AAsha, AT}
AEEE 2 ARE 2d 901, JHcE
=4 T %ﬂﬂr <29 2>F o8] 7 ICES %
ARTE (System In—Package) &

L= & } 3z /gz«?j'l_%o = &}
L] e 7 sz EA o) Y= technology & Xﬂ

O

(heterogeneous) ICE&

+ coplanar line, ¥I%
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3D ICoJX2) QEHoJA Tl

Lic
3D System-in-Package
(T8l 2) 3D IC
shie] 22 438 4 9lrke ol

olgt o] ofz] 7x H& 33407 A
0 sjdsfol & EAHE S0 sh= 3apgo
Bobed e e NF AL, Wy ggouk
= 7)3oAE @A A9 3D ICoIA
blocks 7te] QE|Fo] A 7]&o] tha) Aslm
A gt Zeld o2 A channel 2 micro—
bumptt TSV (Through-Silicon Via) & o] &
ah= s, B8)A o7 AZskA) 9 capacitive
—coup ingOIUr inductive—couplingg A3}
o, FAOE AFE dah= o) Qi 7t
‘ﬂﬂﬂﬂol/\«] channel°ﬂ 2} gjdZo) =,
HHRNIL A2 A58 Agsl] 98, Asd
%W.é g3t FA7g FA7E LA S,
=402 AAE channel o]48 A% <l
Elso] 2o A} o Bidely, gliEy ol
71 98l HEE oulE Adsp)r) 48
T 718 Mgl WE 2971 dojubar, ESD
(Electro—Static Discharge) 5.3 32E& =

Zhelok SR=dl, ol HAZ 4shA sy, A

2585 ST 497 9tk

ooof ¢

&

IIl. Micro-bump& A28t QIE{H0]A
32 AN micro—bumpE AR&-8}
o F7F 3] ICTHY sk A

NEE A%

(T2 3) Micro—bumpt SEM AFXI

& = 9tk Micro—bumpE HEX|Eo] HE 50
p#me|8}E, flip—chipoll AHE-E= bump( ~100
pm) Bk HERjZo] zt) 27H9] ICE micro
—bump7} 3l W& i}, AEE A4
Ao <a¥ 3> rmcro—bump«] T2E Ho
%U}{E,Sl_

Micro—bump+ F7FQ1 ¥4& do# 3}
A gkot vl gHelA EAH oY, micro—bump
7} = HE vl Folof dh= AJoko] gl 370
olde ICE AFT wi= Algo] Brlesi),

<28 4> BojR AlARLE 2004\ Sonyol]
A ISSCColl 2Eet 2oz, CPUS Hra H7t
] vlofe] A& 18 micro—bump® A8t}
4, Micro—bump<] capacitance® 50fF/ bump
E Y (on—chip) ¥ 1mm Z°)9} interconnect

{Cross saction of MCL chip.}

CFU Chip
Memery Chip "‘xx

g“m bump

Resistance =14  [mQ]/ bump
Capactance =50  [F}/bump

~» Capacitance of one micro bump it equivalent to 1mm
length of inner-chip wiring.

(a3 4) CPUEP CHIEEI Z10| micro—bump=
MBS AMEE TASH= 3D ICQ| Tha
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Buffer Buffer with ESD protection

16Mbit
DRAM

Scsnin
Memary Chip Mg

(T3 5) Micro—bumpS A3t OIEm0|A
3|29 A=

o hg-5=d, o= Hlua Z gholojA], 3D IC
AN ZA ANedde] FHE A3t Fga)
A F3h= o) it
<I# 5>+ YA 322 I3 QlE|Ho| A
329 FALE HoJFr] Buffere] ESD B3
358} scan HIAE 3|27} 7150 Qlu). Hek
| A%E HAY 325 ARS8, scan
AEEF Z3}o] HES v
Tk <17 4>0] ol QlE]Ho]| A 17887H
9] micro—bumpE AMEE}] 123MHZzo A F2¢
8h= CPUS) 64Mb €3¢ wina] 3 1hol) A4
45 160Gh/sE A,

o/

KeR
=
2 TE&E Foln
o)
AR

ll. TSVE AkESH 2IEHI0IA

, ©]72& Through—
Silicon Via(TSV) g1l gic} o)== 5% ICU 9
A 247 2 metal layerE 4% ) A}2E =

(a2 6) TSV 2} SEM ARl

viad] E-g 3AoE A [C7e) FAal
g8k Zolt). 3D IC FEE ARS8 A A
9 7ElE SQvkal AL w 7P gl
Zo] TSVLE 28y TSVE wH=dd 2 layer

o sk Y ¥4 AL, FUH R
etching, electroplating 5% +73-& 3lojo}f &}
B2 A& ugo] v = g 4
oL wAehd, TSV7F A2 5A] ool &

of =A7F 4 & ok <1¥ 6>& TSV +
#} SEM ARE BoiFm o,

F o] v]8-S wpo] ARk 71eEe] A
iH5lo] 20094 ISSCCOHHL TSVE AF-3fd
NS 7z A =01, J 729 a88s
iiod 3AH Zu]@:rl%_«l AHE A 3D ICE9]

U:

>~

|

3214 DRAMT
Z9] ‘%E‘ié Eoi—m‘ %\E}[G. Master ol
2Gb x 4 DDR3 DRAM®] multi—rank #|o}&%
7} 8131, slave FHell= 2Gb HIEzE] Fojol A
g 3|27} 9k HEL 300708 TSVR 14y
o} 313, olgh Zo] B3¥ 8Gb DRAML &
1) rank—‘:“'— A3} Multi—rank #]o]3] 2o
+ buffer’} 94o1A] channel¥} slave 3-& £¢
AlA, 1600Mb/se] UElFo]A £EE 9T
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3D ICoj|M 2] AEHOA T}&

TSV (~300)
Rank3{ ) 1 | : T
Rank2[_ e | ]« Slave Chips
Rank1[Z rd

‘ ]
Rank0f T

Master Chip

(O 7) 3xrH 2™ DRAMS| CHH

1600
Mbps

.

1066
Mbps

QDP 3D QDP 3D QDP 3D
Standby Active

1/0 Speed
Power Power
(4 Ranks, 2 modules
(IDD2N) (IDD1) per channel)

(13 8) QDPTZ2} 3D DRAMS| A5 Hiw

= 31t} 71Eel = Quad—Die Package (QDP)
T25 AR, <13 852 7129 QDPY}
8] 32H9) DRAMS) A5o] dmht jH =9l
A BT Qir} 32k FRE Ao g
#, slave ZZo|M% HHEFojo} 1= DLL,
input buffer, clock 3|2 £& Zo] BH Qa4
A AA A A oiy] AEARs) Yol &3
3L, latency ™ 14452 =9 5 Ao}
TSVE A8 3% ¥

TSV7} A=A ¢hot A F&of| JaFS vxd
Tl AL LA F Sl o) #dE] 9
g A4 3D DRAMeME “TSV repair
scheme”o] Ao} AFLEGHY  Ja]7)
TSVE shel 1o gAsta, 2 187t
=283 TSVE 2 7 o 781, Ao &

A Bank C BarK E Bany G Bnk

Bi-directional
Data P ath

| o | )

B Bank D Bank F Sank H Bank

T8Y Bor Rezd dats ——Mse-TEY for Atk it

Was o Famkd
Uni-directional
£ Bank C Eank E Bank G Bk Read data path

Uni-directional
Write data path

(a2 9) Master—slave £|9| datapath 71X

S ol ot}

1™ DA E o] 9| datapath AAE B
olZt}, PVT7}F A2 local QIE o) A0 = <}
Hak A2 2 313, global QIEIHO|AAME ¢
7)/227] BRE R FLEMN, AA ks WA
wold o A A 571 dEs|ofof = A
7} 223k, PVT variation®] 2015+ 0]
AT

Toshiba®lA= TSVE AHEsle] 3D ICE A|

o

Z£9] CMOS image A4 A|2EZ} 8] W E)A
form factorZ} Gt WAEHAE=7F RS
St} CSCMef|AM+= CMOS image AXZHEH
UEHA &2 vt dolHE AFsER, 11
< QY H oI AL Ad5o] ul- T3l o] AlA
ol 275 QIEHo|A AF5E 130Mb/s
~ 650Mb/sH o]t}

o] Heof|A+= Low Voltage Swing Differential
Signaling (LVDS)& 211, $417]19] g2 r=
<23 11> AAH ot A s ddstn
TSVE T&sk= Awtell= back—to—back diode
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<Conventional>

<CSCM>

Conventional
5.3%50X3.5mm  4.0%4.6%2.5mm

0.088cc 0.040¢cc

(O 10> ToshibaOlA| 2tHESt Chip Scale
Camera Module (CSCM)

VDD
A=H DATA +=H 1
1
A=L DATA +=L vDD 1
- ZAY,
- i
A= A= g L pATA
Common 3 %
hias D
A

GND
GND

(O 1) LVDS driver?| Zl2%

E Aslo] ESDENE HEd & e stk

o714 TSVE #d dA49 resistance,
inductances} ¥ AA¥ capacitance® &9
gatth TSVZEY) 7448 125 umE 1459
SR b3, TSVTE HA 3= X237} o]
o] FA, B TSV ol wsAlAH TSVel|A
W= AFADE A} ok TSV A go] 5
7FHA resistance™ ZFASA|TE o) 9l
TSVeRe] Ael7t 79 A, capacitance’t &
=g TﬂOMJ FA7} Qk&4E resistance
, TS FAE ot Qe

TR

SAZE it #HA8E E8, dolHy FA=
70 pm, capacitance® A= S4A4 A=
3pm, TSV ¥HAEE 66 um & AAFH AT

V. SM OIEJHI0]A

Micro—bumpt TSVZF 883 o 47%
AT Agelehd, =E)Foz HFSA gn
capacitive coupling®]t} inductive coupling=
ARgBlel FHOE NEE A AR I
atet A QlEjHlo]AE ZHICY] S v AL
IC layerg< Ags &
k= o] v]go] H& A4
A FAE s A 13}5’— B 9 Ql

<1% 12> (a) & capacitive coupling= A}
&8 1/O7EE BT, <O 12> (e
inductive coupling® AFHE3F [/OTZE Ro
<

TSV A7} v]go) vl 11 &o] Wi
20009 2HHPE|, Keio Highe F4H07,
capacitivet} inductive couplings AMHE3F %4
AEjeo] 27t Ao} S ol mo)
7b g o2 AFHo A k& A9, ESD
B3 327t HaskA] oo}, AYARY AAS

(a) {b)

(3% 12) (a) Capacitive coupling {b) Inductive
coupling
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| 3D 1COIM ] QEIHO|A J]

Aol £ 4 Qi

A AEE AREE I8 12> (a) of Kol
2 A7} 7F0] capacitive coupling ©]-&-3F A
o]t}® Capacitive coupling® AFEa|A A%

A+ W, voltage signalings AHg-3ljok
t}, 3% capacitor?] 7% fringing electric
field7} Ao} o33 79| capacitorZ array® Tk
=01 €A Q&S 59 5 ok <28 13>
A& capacitive coupling S1E]H|o] AoA 441
719 A7) F2E BT, <IF 14>M e
A FH o)A 322 HlolE] o} Alo)uE-g Ko
T+t $4207]= vdd/2F precharge¥ o] 911,
activation timing<> ¢pcs &} ppocrs T3 22
€}

2003\ Keio thgtollA ISSCColA 2 st
capacitive couplings ©]-&3t QlE|#o]A0A
St B2 1.26Gh/sY] 5% 3mWE AR 3
= Capacitive coupling®] silicon substrate
= TUE A 4o A o] AEjHo)AE
AL v gigkar Sl 2709 ICTollRt ALS-
& 4= Q). Vdd7h wolAlW, voltage signaling
& AHE3l= capacitance QIEHO]AE A2V

ol

YR %5"1,—""_ <Transmitter> -
oD’ -
gen. ?I' ‘_]_m %“’q'“w Chip#1 ]}

e Nlini-pad

N2 (Top layer metal)
I Chip#2 |

<Test circuit>

N

Shift -Clké
b —] register -.c"(;;

L gR > e

(3&! 13) Capacitive coupling 1/00f] AIRE=
S47] 312

Bror(Chip#2) @aup(chipf2) <control signals timing>
a0 iz s
& ¢ Lmi Ay [
= N \ i
6 K \ N
> 0.0 1—"- Iﬂ,,’ ~l s ‘
0.0 Gocs{chip#t) 1.0 Time[ns] 2.0 3.0

ta)

D,N(clhip#ﬂ hll1 Dy ,{chip#2) <data signals>

ES.D? L/ - s )\ .f/” “““

= Y A L U y :

S o0l m_.:{L_
0.0

30
(b}

{2l 14) SPICE AlE2|o|Moz 28t capacitive
coupling I/00| ARREl= &40 3|29
HIO[EQt MofhS mhad

ojgt}, o]d A= current signaling& A}
3K <18 12> (b)oll B9l A3} 2+ inductive
couplings ©]&3h= Q| AE AT
AUTH

<1¥ 15>F 20099 ISSCCof st =2
A2k SRAM#E] dlo]ers} clock FA1E £13)
inductive coupling linkE AFE3F A|AES B
o2} Tnductive coupling linkE AF&-3}od
Hlolele} clockS 48k, &S wire bonding

2 3] g Qe FaAh

P S
Link

mestyeSounting:
Atk

3
»
#

{a# 15) Inductive coupling2 AF23dH= 3D IC
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I
Txdata = o Rxdata
T = %fva ?_
Rxclk

Txdata /[ \_____

Iy

N
\Y
o —Np—— 0
Rectk 11T 1L

Rxdata

-4 H S

Méfa—S(éble

(38 16) Inductive nonreturn—to—zero (NRZ)
signaling

HE ATl E Aadian] (SNR) &
%0171 $8k carrier modulations AFE3S}A|
=k 3D IC 249 #4482 100 pmolshe] &A
Yo o]FR T Z carrier modulations A}
8 a1, <I¥ 16>9] B A3 e
nonreturn—to—zero (NRZ) signaling& AH&-
& 4 9tk <1¥ 16> NRZ signaling®] 3+
3 FFA79 22 wojFg,

<% 17> inductive coupling Q/E{Ho] A~
oA channel AH-H+= inductor?) layout?)
|5 RojEnt QlEjH o] o)A Elo]H S A4
of & 7z, A9, dlolE®, A% o) F-&H]5ol
FARE o, T7e B3l ¢, s, n, wE HA3}
oo, A% WAL ZA|8l= inductorE T
Adstodor FH inductor?] WHo] g
% o %2 inductorZ array® AT + 17|
ol o & tHEE A& 9tk 1 W A

& A%sty Ao, inductord) 2718 &
Fohs AYE wojof sk, 18 A$ A%
= HlolH &2 Hujgke] ZolEt) gy

T
=
Z& =012} & v inductor array 2 Aok

2

(1% 17) Metal inductor layout

Shed], 28 A4S Alm e agalor sl
A o] &alo] v wdol Qi) InductorE
HaRIE w= 27| 32Tl JEE vlA]&
7148 capacitance’® 1§t}

<13 18> 20099 Keio tfjstol|A] L3Est
T2 A9 SRAM Akl inductive QTE|H[o]
A5 AR R WARE maFl
Inductive couplings AHE3H= AE{FH 0] A2
A8 Fo syl $4171el pulse shaping
circuit& ¥4 pulse widthE Zold, AL
2E Y g dve Aolvh ¥y, pulse
widthE Z°1¥ timing®] &4} B3 otz

Processor SRAM

Clk ¢h. (1ch)
SoomnzClk [ coarse Timing S B b

|_conteol. 7, [

1B SRAM

- Clk ch. {fch}

Coarse Timing —tT
= Control, Ty ‘ac'
F

Fine Timing ] /
Control Data ch. (16ch)

H Clk Tree
H | ey | @

IBSC

(2! 18) Processor?}t SRAM AI0|2]| Inductive
1/0
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@ 3D 1copde) Aol T1x

A, timingg 2Hshe B2 F7130ch
linkg ARFEOZH
Ipl/be] AHPAEZ 7|&S] DDR2 IE|H o]~
9] 1/308) Ao, 1 QE|HO|AE 7 &
4= QlQlth o] A% ESD B33|87}F Ze3x
%ol WAL 0.15mm2/GbpsE 71& DDR2
e~ 1/3% =Y 4 Yok

Inductive coupling

Ve %

2 7|2eX= vEEA] 3D ICHA AR, 1
& A3 AEE 7t she Rkt QEjdo]
2 71zl st Yolrgith

Micro—bumptt TSVS} o] X402 A%
£ A%8h= WY, capacitancel inductance
coupling= ©]g3to] FH0Z ALdh= 7]&S
ARGt T TSV 374 70| Zo] w3}
o, FOo = TSV Qe o] A0l 7]¥ket 3D IC7H
Wo| U Ao Jgdtt 74 QdEHo|AE
AHEE A$-, £3] inductive couplings ©]-&3t
Y, F2 vdd2E A3 A-%E0] 7FEeha, pulse
widthE 24 4 9109, ESD 253|227} HQ
go], AHHoT ANFE AFHE 5 Ytk

il

B —
SV —————————————
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