F A GAlIA 3D IC 73 7]%e] o)
AR N Wl AFES} WA AT
Atk 3D ICH 27 o)A silicon dieE
integrationdt A0 2 W2 oA ok 3717
2 72 5 otk (1) PCBE 7o R wire
bond4t flip chip& AHE3le] die7hs GAdsh=
PoP (Package on Package) W SiP (Silicon in
Package), (2) ¥z 9A4H dieES TSV
(Through Silicon Via)® stackingdh= 7]%,
(3) Fab. 18 <, silicon epitaxial growths-2]
HPHOE T OhE active layerE W= 7%
(stacked CMOS). o]Fox TSVE waferd]
substrated] 7= 1 Cutt W Z4& ¢
of RIEA| ] ok HS ddsh= 2o H2o
Ft Az Vo] FBRET glom BE XA
%o] Bt A7E L Qe Ropo|rh WV o]q]
g2 AREEE 7] ()W) vk} Alar)
PCBE AX|A] $7] W&ol 145, AdHo] 7}
S8kl chipd RE WAS B8V 5] g
of diette] A4 +& diZ 712 5 Qi =
gk AAelX 27] AT AdElQl (3)Wel nlsto]

e

[

AA AF o] Thssiths o] Sitk
System—LSIef|A TSVE &4 A] 0]50] o
AE e #ok= CIS-TSV, TSV-SiP (Logic—
Memory stacking), 3D—SoC (Die Partitioning)
TOE <3 1>of 7} Hopld EAS 7|&sIit)

olFolA CIS-TSV= &4 4 Hopojq

- 3D=SoC+& o} TSV process?} B #Hzlsfo}

78t ZAY Fofoltt, (3D—-SoC7) 1% 2H4

(H 1) System—LSI2| TSV =& £o}

7|& chipgte]

7|& wire Logic die f

bondthl | (botiom)2f wide 991 10, S DM
EZ|TSVE image| I0X}2 memory E”EQTtEecr_ml_'

processore} | (top)= TSVd% n odE(IaE 545104

= Performance & S
E)'_|E Form factor Power Cost (YieldZ7h
Tiv {100 1000~3000 $10000
TSV - . Logic?t
oist Wire CHA|| ChipZt & HAB(UNtE
TSV ~ N
37| > 30um 1~30um 0.14~5um
Die 42 2~3 ¥2
N
2| ) 20084 > 2010 > 20125(0ilAh
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3t logic die® o8 /N9 die® E3Eo]
blockFFol4 FY clockdte] dAEE= AL
true 3D ICe}al MEZ B7{3HAL) o]o] Whalo]
TSV-SiP (Logic —Memory stacking) o}
11/35/#1% 9 mobile AP2] o] FZ3}
Al71el 73 st A Ao] | 4= glom 27
& high—end deviced]] 4842 Aoz
. SRR EA A2 A= w7149 true
3D IC] Agdtel T4&
A= g 2okl gt FEE VS
commercial tool& AlFdHA] Falal Sl A%
olty. BaelM= AlFsHAl 7% ]
+ 3D IC AA 7] 249} 0|59 wauldk
tiste], =2 TSV-SiPE £A410%7 3D-SoCE
S st dotr Ak ) Eao 7A
& WA el 3D 1Ce] 2A flows st
AL, T A 2 A A gl 3D 1C9 A9
= Sl o™ Ho] 7]FE tEA| ge)a o=
dstr] s 719 A Beke AA st
T3l v o R VA A= TSV stacking
4 ¥ 71&S EF true 3D IC F3Oo® g
a7 Sst 7] Aol diste] =2Fi.

F

520

=
3o
w M
o
%
-
)
>

Il. 30 ICS =& = AH Flow
1. TSV Stacking #£X

<% 1>l dYPAQL face—to—backH <]
Logic—Memory stacking7%E Bt} Logic
chip< flip chip2. 2 AAI3t o}le) 9] package
PCBS} A3 11 912 memory chip< front—
sideZ7} ofg WO R logic chip? FHe
micro bumpE HFET AA AHLE Jogicd

{2l 1) TSV Stacking Vertical Structure

substrate®] TSV7} ¥£2]31 back—side metal
layerE W} routing®] 478 ¢ micro bump
7HA Eeetd drh

2. 3D ICAHA flow

<1 2>+ o3l 3D ICHA flowe]
ok 27) o]4re] dieZ AMEE A2, ol He
2 stack® 4= 7] Mol I configuration®]
w2} cost} performanced] xtol7} @ol &
At} webA early level 3D IC prototyping
o7 HAY stacking¥ diezte] 722 A
ek Alo] wighlsitt. etk 3D IC oAl
71ERT Ast AdEE stress9t thermal
effecte] ™8k process® 7RX3}  design

constraint A3 FAlol 5= process—

Design Target

Constraints.

(&l 2) 3D IC &7 Flow Overview
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design co—optimizingS A-&3tojd o]& 7
Al 4 ok A7) F infra systemS 7) ‘%}_E
AA 3D IC 78 FUS H8A design
re—spinglo] A& CF productZ 4<& 4 9)
= 7Fs7dol =k dA 2 EDA AN+
7FE 34 2491 3D IC implementation®+d
tool 7Hel HE3s e} 8<% prototyping
< ATE vendorYFE /o] o)Fol A%
o] AHFol HA ¥ Adeoln
thermal effect®] designi’2]+:= simulator®] +
go| WY 3 YA o] AFE designel @
A BFEA = F7HER A7 s,
<% 3> <8 H= 2 Y9 F infra
systemel thato] F@sflof sk iR w3 A
Be Zoltk. 3D IC prototyping® 7%,
process spec. (Ht) dies, aspect ratio, TSV

mechanical,

Process Spec, |-

T

Early Level 3DIC

Prototyping
RTL Codes,

Top level floorplan

Systemspee. |

1=
1

1 SH
Changing 3D IC

:Conﬂgurauon

Area, Power,
Speed, Cost

3D Icimiplementation

(383 3) Early Level 3D IC Prototyping

" Chip Desigh Info,

' Process-Design
Co-Optimizing

Modify Process Parameters ¢ ¢

Stress, Thermal Design Rule Updates,
Hot spots Layout Guideline
T

3D:1C: implamentation:

{12 4) Mechanical & Thermal Advisor

design rule, electrical model---) ¥ system
spec. (AF: 7V& IP, Architecture, target A
)& WobEo] what—if—analysis®} quick
estimation engines A3} layout$ 4
HE g qSsta HAsg HF A
implementation tool®] YHOTE AREHE
RTL code$} floorplan files©] ©t} Process
—design co—optimizing®*= chip design
H(die size, alignment, chip layout, PKG
AR (materials, PKG,
process parameters)E YUEHOZF stress,
thermal hot spot map& F&3%t}t. 2% map
S ZAZ designoll A7 effectd AEAE
31+ design guidelines A33tH UF =3k
hot spot®] HAYE o= ¥4 parameterE ¥
sl A AlEgth

U systemo] AEA AR L

design---) &} process

o-] e /\1

R -D
-Multi-die Power &.

(% 5) 3D IC Implementation
Flow
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stacking® A 43X top level netlist} 2+
die’8 netlist®] partition®} 7153k} Stack™
= died FAo FEshs Zlo] o) dAlot. |
AR Z = die¥Z layouto] U= A died
micro bump¥ A& T die?] constraint® 2
L8 S U flowts <19 5>of vERh
olom 7 2o F2 9] tist A
A AL T AollA vk

. 30 IC 7 O JIs & ohe

= [ L]
oo

-r

1. 3D IC Layout

7} dieE layoutdt?] Aol die®® design
entry$} configurationg 4l &AL diert
e 75 gl 718 prototyping toold] &
=& Wolok st} AT Logic—Memory
stacking} Z& A4, ¥R memoryE
ov] & Y& A7t dtrelng TSV
£ I layout ol sk AL logic
die= Rt =gHth 54 wide [0 memoryE X
3= A9, D2FTSVY 427} 1000717} @
71 W&l layoutd] 34AE o#¢r ke
Z& 71%°] auto layout toolo] DLt} 1)
Tech filee]l TSV$} back side metal layerd]
49 F71, 2) TSV micro bump?l A5 w1,
3) HixE TSVE} bumpell AH-$-84= net 2] A&
assign, 4) TSV A€ 10 cell® ®x|, power
rail ¥7. 5) Back side WA 71%. @A o]}
2L 715 E AlTshe A% tool T Soln
20109 o]% %7) product’} V& RAo= o
Hr},

o Fl(’ I}

il

2. 3D Thermal/IR-Drop Analysis

7}. Thermal Analysis

A9l single dielA 9] thermal analysis
+= package?) thermal designg ¢85 5359
t}. o]y si4-& package level ¢lA F=8ix o]
die®] U*4+= coarse$t power mapO.E heat
source ARE 7FA LT, die WY 2 layer
9 thermal conductivity A RE XA die level
oM tmEE FHstl iAol ARHA ol
single died] 7% %9 on—chip variation®}
Zto} AFAgt #fA] o] Ha Aol ko o]el
2 sign—off HE L& o] )& margin® 2
t-go] 7FsE7] Witk

23 3D ICoM = 2% Aol o die
o] #2802 stacking g e} ¥ stack il
die] = ¥ power densityZ} 7Fslo] 71&
single die¢t= €8 2% SHA<] on—chip
variation®] =LA $7+e Z0 2 GZH}, o
2] olgl A F71E on—chip variationg 7€
I 20| margintOE cover dAE AL
pessimismS.Z X934 4 322 2 on—chipd)
A A sie] Fado] mobxin), et
die AF0}¢] bonding layero] thermal insulator
23l & ¢ QI oxideZ} A, UF-of $1X]
§F TSV micro bump’} 93 & Ad &4
2 AL Ao|BnE ojygt A 4 HE d4
& 51710 71F9] package level 4] &
2 FAgksi), webd 3D ICE Y38 on—chip
thermal analysis tool®] 7I'&e] F Q3}ct,

Single die®¥ on—chip thermal analysis tool
2 olu] o] gk x|k thFEY tool S0
capacity 4% package®37d< 1-D package
model 24 7FFS}Ska power estimator®)
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instance™ power%} layer® dimension 18
i thermal conductivityE ©]g3te] 3-D
extraction & 3% ¥ FEMOZ thermals
sHske JuE FEHY Jth<ad 6>

3D ICo] w3t on—chipd}4lol| = capacity 2+
runtime> Wl-¢- F83F @ Ao0|BF gholA] Ay
g @A toold 7|¥ FEE U wEHA
TSVE 18T T UEF 75& sk -
7} v}Askct, TSVE coupling ¥ 5 dieAlo]
£ 3|87 HeiMe thadt 2 Ateel dist
17 39k 1) FAE kel sjAsio} 3}
7] wjiol AA% die-level modeling Bt 4l
model order reduction ¥i2] ggo] B, 2)
Bonding layer ¥ & 4 HAE&E 7H&
TSVal4] A2 E 34 Wil 3) Package model
/A Q. ¥ package model-S die?] 6ol tf
3t 1-D thermal resistance modelo]t}, ©]i=
package substrate?] @3 =& package Y-
mold?] ¥ F& 1ol FAFE ) o
2h4 JEDEC DELPHI 24 53} 22 £ 4
343l package model?] Zgo] Hoshy o]
model& 7t die E dAofA oW Aoz AL

Chip Design 1

|
[ldew lamod ‘

sisAjeuy |eway | |9Ad|-abeyoed

| Thermal Map I

I [OPOW [ewiioy L 1

— . On-Chip Thermal Analysis

(a8 6) On—chip Thermal Analysis Flow

Aol 3t AFE Qs

3D IC analysisAHdjol] th3t 4 Qo= F7}
3l on—chip temperature variations 1&gt
sign—off 3+743}9] integration G4 Q3 F
Bo|th, $A4 thermal runaway s 2<1s17] ¢
3 250 717 S7Fehe leakage k] QA
341 (leakage —thermal feedback)©] 71&-4 2.
2 979, &5 wel ulH= resistance 4
AL 7#3}o] parasitic extraction ¥ IR-
drop/EM 3141 @A) thermal analysis@+H) 1%
o] o3}t 1 9o % timing sign—offA] 7|&
9] &% o} @& on—chip variation margin®l
2 pessimisme 1ol instance E &%F ©]
4319 timing closuredh= YR T=3lo} gt
o} 187 o) gl A AT FFL
2 Qla} A iterationd AX ok k= Ao]
RRo|2 2 feedback loopel thd breakd<t
e convergence HWHE0] A dFE ook

3.

t}. IR-Drop Analysis

[R—Drop analysisXx 3D ICe] @30} 7|45
olof ghc} thshs] FEIE 7Y ol ARGE
Logic—Memory stacking T2+ memroy
7} logic® MEZ power® FEWETH 5,
logic die®) &4 TSV memory power A&
9] feed —through®Z 2221t} o] % IR—drop
analysis® 2z} die'@® Agspd vy 1)t
oro & o9 die7} stack® A5 717t 59
A?l powerE Fd3l7] H¥ feed—through
TSV 47} 452 7187 wWiEel voltage
levelo] ZtHaA 319 die?] powerE sharedt =
Qt}. E3] ground= A9 share’} 7F&38it.
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o] 79, stack?] $F] A die UFE
power source’}F 7! routing& AAA T3
HBug olE I siA Wt spde] Has}
t}, 4 die7t sharing®] 457} w1, E&e
AR T Holaohkd QA marginQ®
st} 7PE sl E & 4 glon) Hie) 7
full—stack analysis7} 2751 o) 2] 4 £
HEE YE 4 9lE abstraction model] 7t
T 3e ‘E;]»tl]z 3

[e]
Ao
ko3
(e
TR
=
=

3. 3D IC Power and Signal Integrity

7}, Power Integrity (PI)

TSV stack 22| A4 A, 8 1ejAlst
S shh= topell fIAIE die(KTH TrolME
memory) ] TSVE E3td FF5+E powerd
integrity©|t}. TSV+= package©l] 8]3] dimension
o] A1 power’t FW3| TEE T YEF
AdAE oo} 3h Eols: 913t FA] W A
Zxjofo} Skt 3 B4 0 2 power integrity
= S48l package ground= plane 0.2 AA|%)H
system® 2E grounds ©] plane®] A5 =

tl, o] B &9 died] T2l whE &9l died)

(a8 7> 3D IC power / signal scheme

power integrity % @ 89 die?] F3l wt
2 Akl dief power integrity ¥ 44 7
Aol Bzl 1 AHE whgstoiof gt} of
2 Sl % died) AA Ao 1UE Hx
7F Bast, olAbAe] URFARL designe-
o]} chip?) A% A+ AABHL system 20
A assemblydd HJAOY TSVE AHESH
system A7 Aol Ag s At o Fad
data7} A&skA AgEl ool FHFAA power

integrity & 3R 4 Qlth

1}, Signal Integrity (SD

TSVE A&sk= T8 olf+ dimension 7}
A" Q13 wide band I0F A8 = itk A
olth. &, TSV 7&ME A 719 signal
pin 94| 7}ssch A A$ chip ¢
signal interface®™ inductance’} 7V 8.3t
A o Aagl ok TSV 29 449+ package
2ol vl signal line) Hol7h A& o= uj
Hold 4 glomw 71& AL whale] vt
o] Aes}y & TSV +Z% package?
A gz 2o 71239 RLC modeling
A QA7 TSVE} back side routing®] A
7} PCB routing®] Zo]¢} v]wste] wi-¢- ]
W F-ol inductance® 1edHA] Polsw F ¢
RC extraction®® Z5-3}r}. ¥HY inductance
Aol HQdt ¢, signal TSV 57t 7]
ololabd olE kel s48}7]= capacity
4 runtimeZ @A oAk webA A W
oA e analysis?t 7Fs8HEE block level
shielding W¢tE €A BQ3r} Parasitic
extraction toolEHelM B, dA ICE tool

£-& inductance & o AL} vllg- Ho

° & R o
OEL" Oﬁog

o L
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A 31 package A7 Al AH-E:= FEA 7]3E tool
2 AESHA|TE runtime©] Wi 71 o] &A)
olt}, wbr FEAOZE silicond EFH=
TSV} package TF5 FAlo| 183= A=
§ parasitic extraction tool¥} ©]& A3t Af
28 34 3o] FujE oo} g,

4, TSV Interconnection Test

Logic—Memory stacking®lA TSV die3t
viag®]9} interconnection®] Bth<1¥ 8> 1
Ad) stacking$-olE ©] AA0] top dieZ A
probe® <= 171 WlF-oll TSVE} micro bumpe]
Az Ao WA= defect® U3 o] d2
o Agto] 9l& A9 o] & W] wi-¢- =t
Normal function mode®l*] memory function
patterns ©|-€3} interconnection®] {F%
07 test= HAL failure’} TAFS W fail
A1 BAolu} fail A EAo] Erbseit). wt
2} TSV interconnection test solutions
F3h= Zlo] Fasitth

A4 HAe7bed =2 WS, didoes

Conventional
BSR location

Proposed
BSR location

SRR SN

(32| 8) TSV interconnection2| o

board level interconnection testell d2| A&
F= JTAG (IEEE 1149.1)& o]gsk= Aol
t}, o3t HEL o240 =% IEEE standard
2 w2= JTAGS logic chip® memory chip
o Ztzt FEZoRMN sty dAAoE
DDR (Double Data Rate) memoryE £Q&
A9 DDRY high— speed interface 542
Q&) JITAGE #4317]7} o3tk 718DDR2E
AHEERE A%, clock FIFE FolA] @A
bandwidth® A dh= 7o) gl whdel|, A
A ERHE7} %8 memory controller 2} physical
interface (PHY)7} BL23}}. Logic chipel T+
3l PHYE 1 A% A9 BE 3%
high—speed full—custom mixed signal design
0]7] wWEol| 3| timing budget®] 23l physical
layerol A= PADe] Q3etE= AA € w2t
A, <13 8> ZAIE 4% PHYS PAD A
olo] BSR (boundary scan register) cell
ARglahE dubd JTAG W€ A48 & glth
A o)9} 2L Aok FHIP] Hall, B
w2} IEEE standardollAE BUA 5t areast
performance overheadS #H43}sh= solution
wldsta 9ok T3 o] gt solution®] AHE-3k
2 93] DFT ## EDA vendor 29 tool 7R4
o] 73y Folrt™

5. TSV Device Modeling

3D IC 24 A, TSV silicons #&3r=
Zdol|A] 7]& & deviced} vi$- thEt, Wk
A} device model B TSV #kA|e] 54 3
7}8} TSV process®] 2Jgt 7|& device model
9] performance shiftel] tigt H717} E Qsict
=3} high speed® &5k 321} impedance
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matching®| Q3% 3]Z o AL317] Yare=
RF performance®] tj3t H7}e} EA swyl 4

7F. TSV Device Model

TSV device?] vertical structure®} 7%
g 7124 SR E <Y 98 Ak

<1¥ 9>9] Fzof thst device model 7}
2 A F 7 BHANN EAste] AR
= 3t} WA device model type 5, T—type,
Pi—type, 2Pi—type &l wiet] AA3ta, ot
=22 device model parameter <, resistance,
capacitance % inductance ol thalo] #2)s}
of ARst dAl FE AL s TSV
device model> o} <& 2>¢} o Zt
device model BZ o8] 7}x] @A A
Ag g & gk

TSV F2E <% oA Bi= ule} zho]
Metal—Oxide—Semiconductor types Z&1 Q)
71 w&el, TSV bodye #7|3 EAo=m
resistance, inductance #2022 A4 E o] 9l
o TSV semiconductor AFoj= MOS2}
vk R FAAZ Q1% bias dependent

capacitance?} leakage A%< 7HX1 ok

M1 resistance BM1 resistance

Pl (M1) 1V§ _______________ v
. .

P2 (BM1)

- -

ca

NPH e?closure
rt’ . .
(Portt) rsub TSV via resistance

BM1 enclosure and inductance
{Port2)

ad 9 TSV 2= U 5152

{® 2) TSV device model

Port 2—port 3—port 3-port
Type T-type T-type
Parameter R R C R C
Parasitic L L, @ L, (G

A, 7V WEoRE AREHIL 1= device
model structuret= 3—port deviceZA series
resistance, series inductance % parallel
variable capacitance® T4 it} <E 2>
A AFE 2-port device?] Aol Ted
resistanceTt I3k A-Foll AHEE F Qe
model 2, variable capacitance® 11#3}A] %
3} parasitic inductance®™ IHSHA] X3}7]
W&o circuit simulation® AL} il
3—port device?] -+ 2—port device?| 7
B circuit simulation?] FEEE =Y
71wl wol AREEla 9ot parasitic
inductance 3 22 ¢ 2= Froll tisjo]
silicong o]gst] F¥s| 2T F &= Y

< 7Wstoiof B,

1}, Test Patterne AR-3 E4 A5

TSV device®] t3t parametert w-$ 2
resistance @ parasitic inductanceZ Z+1 Q)
7] w#e silicong o] &3t F% 2 modeling
AgstEd oy 7 & St & 2 A
g 4 Q)& test patterne A|Zslojor sith
<¥ 3> 7} main parameter % parasitic
parameter FE= st} AREEHI Q= test
MM 9 test patterno]l thslo] 7heRs) elst

¢

o\
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(H 3) Parameter =& Test Pattern

;;:Pattern Item

Resistance | IV, RF Series connection

Capacitance | CV, RF, Parallel connection

Inductance RF Series connection

Validation Timing Ring oscillator

o},

Device model®] th# HFE nominal
device model®} B|W3}] temperature U
bias dependency% 1 3te] o] Foj Ao} g},
T3 massive &3 AAE o|&3lo] £
modelell tist HFE Haystofo} s}

6. TSV Mechanical Simulation

i

3D IC el 5+ 714 2Rlo & <3 7]
device®) performance shift7} Q& 4 Q)=
TSV thermal ¥ mechanical stress 23k
device mobility variation¥ die thinning®l 2]
$F silicon surface stress”} o]of| @}, u}
2hx] Al QP8 TSV design ruled A4 st
H 97} ek AT ruled] HAEE test pattern
< FIHME silicone 2 AZEE = 9ot A7k
o] 2 A t}st caseE coverdst’]| 7} o
H7] wE9 mechanical simulation®] TSV
process® FFE 1HET 5= Q& 7|5 o)
o8t} F7tE asof shs FAIE oy
Ed =

1) Silicon wafer?] stack manufacturability
o] W& physical effecto]] th3t mHEA 782

=

A © 2 process flow, temperature, under—fill
material property, die size, thickness=2] %
Asel Ut A&, 2) Die7t?] combinationol
gt Ak Zie] djgh AE. 3) Deviced
performance$} variability ®l| thdt strain effect
B EA] strain booster relaxation, thinning
effect, TSV/Bump proximity sl that 1zo]
% Q 8]—11}, [6,7]

o}A7kA]  chip AAl
simulation< tool2] capacity FA|Z o]Hx|qt
test patterni} Zo] 22 areadl tdt TSVE
1#H 8 analysis tool ARl 7Fssit) o]
3t tool hierarchical multi—scale solutiong-
AFe = 3lom, chip?] 74 Hale tigt o]F]
£ 8= 7 Stk dAl A2 tool- 7]EA QL
device mobility variation¥} thinning®] ]38t
stress®4] #RF ofe} <T¥ 10>A4 9} 7o
metal layer ¥ bumpell ¥ mechanical

i3t mechanical

stressE ¥4 810 2 A reliabilitySAE &
U o B Fopo] K= 4407 TSV
design rule?] 753 22 Aol &4 AR
EE] g': T E tool°] 7}]131-301 T—CADQ]-

M-

design Ato]9] 1A 18] HES = oA

70

-

Hydrostatic stress

Micro Bump

TSV stress ;720
@ oo
80

-200.

High hydrostatic stress gradient may lsad to stress migration

(2! 10) Effect of Bump on Stress
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#F 542 vz A9 DEM3H toold} 7o)
full chip datag ¢JoJA] stress hot spot map&
et ©l5 E3}9] mechanical stress
sign—off& ¥sh= Aolth 12)7] YaiMe
A2 wol FAATIA = HelA tool]
capacity®} runtime®] E7|ZHo=® Moo}
Eig=H

v, ZE 2 g MY

A57HA 3D 1C2] F& 7140 thato] wheA)
A AlZtelA] 71esidnt. thekst 3D IC
Z Fol|x TSVE A3 die stacking®] @A)
7 Ao Logic—Memory stacking 7|
=o| +AA = SHHEofof gt} IC A flow
<] layout, analysis@Alo] TSVE 1&3k= 7%
o] & oo} 3} 53] thermal, mechanical
simulation< stacking®] W& A5t 7|&Z )
4 F238t} &% 3D-SoCE 7]&o] wast
9, died2e 71E PHES A48 diezt
interface¥ts ME 2 1dsh= dAj9 A vt
A2 AT} QT HAR BE dieS BA) 1
2ok W0 F toolo] /fAE Row Rl
718 02+ technology scalingo] Al -
HA9 true 3D IC AAI7} 71 tigte] | Zelw,
die?t clock¥} power7} 2451 0L W die
b ddo] AXEHE R synthesis, auto P&R
tool °] 3D FHNA AFA s ojor & A
olt}.
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