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Die-to-Die Multi-signaling Communication

Mechanism With Common Conduction Layer

Student: Po Hsiang Huang Advisor: Chau Chin Su

Institute of Electrical Control Engineering

National Chiao Tung University

Abstract

A broadcast interconnects -method for 3D-IC applicest is implemented by using
common conduction layer. Die-to-Die Multi-signalingpmmunication mechanism with
common conduction layer has shorter.communicatistadce. Compared with wireless or
wire interconnect. Our communication distance is\2lihe shorter distance means that it can
resist the neighborhood noise and increase the dsity for packaging. Moreover, chip
thinning, together with device scaling, will furthenprove the density and performance of
the vertical 1/0s. As a result, because of thedatfD count possible in 3D integration and the
short length of the interconnections, it is expddteat the vertical I/Os between stacked chips
will be able to provide the high data bandwidthuieed by Mooré s law with the benefit of

low-power signaling.

We also use alignment method for detecting posigior. In our design, a buffer stage
may be needed between the circuit blocks in diffetayers, since common conduction layer
usually have a much larger Parasitic Resistance timderconnects of circuits. This
interconnect has energy efficiency of 0.18 pJ/kit 2&5bps. The proposed broadcast
interconnects method is implemented in TSMC 0.1&uocess for demonstration of this

architecture.

Keyword: Three-Dimensional Integrated Circuits, Goctive Paste, Signal Integrity.
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23, WOWT LY 2 ETAFHAET B F33]

Electrical Conductivity of Metals. Conductive Plast
And Various Insulation Materials at 25
Specific GravitfMolume Resistivit
(gms/cm) (ohm-cm)
Silver 10.5 1.6 x 10
Copper 8.9 1.8 x10-6
Gold 19.3 2.3 x 10-6
Aluminum 2.7 2.9x10-6
Platinum 21.5 21.5x 10
Eutectic solders - 20.3x 10°
Graphite - 1.3x 10°
Graphite or carbon —filled coatings - 10-100
Oxide-filled epoxy adhesive 1.5-2.5 fao®
dielectrics - 16

HEPBERS:  HET 2w L S &w kFHEETM (ICAs, Isotropic
Conductive Adhesive {r & -2 & 3 F % ( ACAs, Anisotropic Conductive
Adhesives [34]-ICA .45 & B = w2 T AR > 7 B L% ¥ S BT 3408
ACARlipte- B2 tdrZ 3 p i3 o & X oY 3 % 2 BT HRAEH - - &
Kl ACA AL 30 % fr1 #& KRF - RF F R R 0 RN el e

B RS HL e TR B chfE S B R o

RERAMECETYT AL ERACETY P RACETY FRALE
T ARG FLETYE o RHCETYRIET TR FEUAT IS
FREARC FEEIYFERACFERLT 5L AIEFRL R JRE
TRBEETR N R PR RN R RS S E R ETH (3 150
C) > HRAMCEAREY - ELFAFROBEL S foRR P RRPT e 4 L
foo BB T R Lo @ ok R R T R bR F L e R
BEATK S BS 0 ETRATDRN LG FTRDR PR
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R & et S8 B 15477 5 TSMC 0.18um 1P6M#2 5 B > d % 4 S¥k

e st w T L F ek b K & BB R S LK -

IMD3b

+ IMD3a

MD4b

* IMD4a

IMD3b

+ IMD3a

MD2b

+ TWMD2a

IMD1b

* IMD1a

¢ FOX

Substrate

®15. TSMC 0.18um 1P6M#3 | & ]
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#4. TSMC 0.18um 1P6M-#ic 4R

Dielectric|Thickness % Var | Dielectric constant
FOX 3500 | 47.1% 3.9
ILD 7500 |+21.4% 4.0

IMD1a | 11800 | +20% 3.7
IMD1b 2000 | +3% 4.2
IMD2a | 11800 | +20% 3.7
IMD2b 2000 | +3% 4.2
IMD3a | 11800 | +20% 3.7
IMD3b 2000 | +3% 4.2
IMD4a | 11800 | +20% 3.7
IMD4b 2000 | +3% 4.2
IMD5a | 11800 | +20% 3.7
IMD5b 3500 | +3% 4.2
PASS1 10000 | _#0% 4.2
PASS2 1500 | _30% 4.2
PASS3 6000 | _10% 7.9
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F &N SAvie B 3D T IEfe 3D R B ek o fo gt 0 Ptk 2
#M o Raphael - £ 7 r 145t 2D & 3D B enidll > 7 R ¥ K R
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AT Efri R e 7o - B Apd %+ e A £ A 4R 5 Golden
11 B ¥ A ki on-chipt & en4 B4 B 16 5 Raphaeknfi % in4z R
B R®mT DRI RCS I PNk A e iz 2 PCBiafp A 4 93D

T2 % DietoDiez BFeh3D R~ 7 7 °

Sl :> Raphael I:> T

B116. Raphael §§ % /7 42 B
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4ot B 18477 > At Lakerfi# 2 o wh OB 2B R > K ST A
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General Properties
Move Layer P
als Layer Name = |MetalS
hetald Top
UMDEF_D u Field: # Clear~ - Opague
UMDEF_1 4“ _
— oown | Edit Color & Pattem...
UNDEF_3 .
- Layer Properties
UMDEF_4 Bottom | ¥y [
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RC Model 7 #

Raphael/RC3

3D RC Interconnect Analyzer

— 1. Select Input
Load an Input Ale:  9_CELL_C_RHOrc3 Browse Input File...

— 2. Select Options
_| Check input syntax only
[W Generate graphics file: 9_CELL_C_RHO.rc3.pot  Browse Graphics Fle... |

# Geometry only
~ Geometry and potential

|W Generate TDF File
[W Append summary to output
[W Send output to file: 9_CELL_C_RHO.rc3.out  Browse Output File...

2L 85 7 i

4rB) 21 #r7+ » Raphaekf B~ 13 i 15 s RC3 4% » £ B w2 £ {75 B & geny
PR AP E 2 ERA S TDF 4% 4 2§y 41 ch Outputh » & 2 TDF <8
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3D Pad Size W=30,40,50um, S=4um
Data Rate 2Gb/s / channel x 6
Link Conductive Carbon Paste
Jitter of receiver data (pk-to-pk <75ps (0.15UI)
PAD Touch 1303um x 593um
Core Layout Area 1.5mm x 1.303mm
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W=30um,
1T FS SF FF SS
S=4um, t=2um
Jitter (p-p)
35ps 35ps 41ps 32ps 39ps
(2Gbps)

BI78. ¢ * L% BEKE BEHVE LR BIIIORE %

HEr BEEBERFE S ECEBRERERY AP AR - dARR T R
DA TR B B T AR > F Y BT R A
41* TCAD Raphaelis~ 1) 4 #cise » 7 Bt > & éﬁ%]%‘;%%c»fé&ifﬁﬁf:i
B 71| 2Gbps’ 4- ] 78 #11 aﬁkj IRBREERE e < A 125 @Y X B
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Item Specification (unit)
Process TSMC 0.18um 1P6M
Supply Voltage 1.8V
Data Rate 2Gb/s / channel x 6
Link Conductive Carbon Pastfe

Jitter of receiver data
(peak-to-peak)

PAD Touch 1303um x 593um

75ps (< 0.15U1)

Core Layout Area 1.5mm x 1.303mm
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Conductive adhesiv

Down chip

Up chip
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Down chip

W=4mm, S=0.4mm, 0.6mm, 0.8mm
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Conductive adhesive

Up chip

W=3mm, 4mm, 5mm, S=0.4um
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214, % £ BEE BE L PF LRSI ETAYRE
. Sheet
_ Conductive ) _
Service , MechanicgResistancge
Prod. NO| Form Media Solvent )
Temp. Strength | @1mil
(%)
(ohm/sq)
16051 Paint 14Q | Graphite 22%| Water low 1200
Binder
_ 93C _
16053 Paint _ Graphite 20%]lsopropandl low 30
Service
204C
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Conductive adhesive Up chip Conductive adhesive

N T AN

Bottom chip Top chip Bottom chip Top chip
W=4mm, S=0.6mm W=4mm. S=0.6um
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20 . P(uto) = 68.27%
40 . P(u+20) = 9545%
: 5150 : P(u = 25750) = 99%
Carbon Conductive 60 P(u+30) = 99 .73%
Tapes, Double Coated
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: |
|
I
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"% -2 -10 U +10 +20 +%0

Thickness (mean, variance)
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32401 5Cell Case A
190

180
170

160

Thickness (um)

150 . L . ! L

Casel | Case2 1 Case3 | Cased | Cased |

TCAD_W=4mm S=0.6mm RHO=100] * m)

mleg‘g) Ség?fj‘sasﬁg( 2% t=155um  t=180um

o> 2 R1 1 940 11K
T a— R1 0 73K 64K
154.727 180.278 | R1 O/R1_1 78 58

5Cell Case A

RB83. & * £ * @k PCB#-1] CaseAs 47

Casel
RY RX | RX/RYQ
1.2K 82K 69
1.2K 62K 52 Case4
13K 90K 75 RY RX | RX/RYO
2K 78K 65 oK 98K 50
1.5K 1.9 95K 48
Case? 2.2K 130K 66
RY RX |RX/RYO 1.7K 138K 70
15K | 77K 52 1.5K
17K | 68K 45
RY RX 1.7K | 59K 40 Caseb
RYO RX01 1.5K 63K 43 RY RX |RX/RYO
RY1 RX02
o2 | s 1.6K 1K 53K 53
RY3 RX04 Case3 2K 82K 83
RY4 RY RX |RX/RYO 1.2K [ 69K 69
2K | 104K 52 16K | 66K 67
1.8K | 84K 42 1K
2.2K | 93K 47
2K | 114K 58
2.1K
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5Cell Case B
200
190
S 180
é 170
5 160
B LS00
1_‘0 L il L L L L L L L il L 1 L L 1 1 L L
Casel 1 Case2 1 Case3 1 Cased4 1 Cased 1
TCAD_W=4mm S=0.6mm RHO=100{ + m)
meanf) Sigmag) 26 t=158um t=191u
174.5 8.25577p
R1 1 971 1.18K
T —— R1 0 208K 172K
157.988 191.011§ R1 O/R1 1 214 146
5Cell_Case B = -
B|85. & * X % (& %—% PCB #£3) CaseB4 7
Casel
RY RW | RW/RYO
1.1K 222K 201
1.3K 170K 155 Cased
1.7K 187K 170
oK 216K 19 RY RW | RW/RYO
16K 1.2K 169K 139
2.1K 172K 143
Case2 23K | 174K 145
RY RW | RW/RYO 2K 179K 150
1.3K | 254k 195 1K
1.8k | 181k 139
RY RW 2.1K | 163K 125 Caseb
RYO | RWO1 2K | 189K 145 RY RW | RW/RYO
RY1 | RW02 1K 1K 200K 201
RY2 | RWO03 Case3 1.8K | 172K 171
RY3 | RW04 RY rw | RWIRYO 1.3k | 185K 184
RY4
13K 220K 185 21K | 193K 193
1.6K 220K 169 1.5K
2K 205K 158
2K 274K 210
2.1K
B|86. & * = * & éﬁ-% PCB #i%] CaseB# re& Bl %

B 85577 » - B4sdL & SHAFEF T ERBTHE

2 sigma> £ ¢ * TCAD

2 WD 2 B osigmak B e T R 0 RS BPIETE & TCAD okt s % 4p
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INA (250Mbps PRBS+)
INB (X)
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INB~E (1Mbps PRBS
independently)
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INB (X)

OutA

INA

INA (CLK+)

OutA

INB (CLK-)

INA (Signal)

NB

INB (Noise) !

INA (0V)

OutA

INA (Signal)

INB (CLK+)

% & PCB 1) CaseAR il 4 % (§ » 3 3.:CLK)

Convol _Setp Messws Anslyze  Utiites _Holp 223AM

INA (250Mbps PRBS+ )
INB (250Mbps PRBS-)

Control _Setp Measure _Analyee _ Utiies el

INA (100Mbps PRBS)
INB~E (10Mbps PRBS

independently)
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Up Chip Conductive Carbon Paste
7

PRBS

VSS ThicknessI

Down Chip VSS
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Down_Chip UP_Chip
Area

L

UP_Chip / Down_Chip
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.Conducting Ink Pen

dhesrsee
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FEFEI I
(XTI RS R ]

Bottom_Die

XY-axis stage + any Z-axis stage, Resolution:1um
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Side View Top View

XY-axis stage + any Z-axis stage
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Conducting Ink
Die onto PCB
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BER
measur ement
N4901B Serial BERT 13.5 Gb/s

=

HP E3610A DC Power Supply
RRBS/ Repeater chain
VDD /GND =

Jitter

measur ement
Adgilent 86100B

2400: source

Ktythl

XY -axis stage + any Z-axis stage, Resolution:1um

BI94. RS o Z23ugLE B> 5N
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