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3.2GHz Local OSC ,\,,0 R 71 Variation
DD s 7 1w
& —T 7 Q~ .t A ﬁf. t .
% Y Counter Txclk eSetp 77 __fold,;
Source . 0 39 78 117 156
ResetI Synchronous (_ Data Link tsample [ps]
400MHz System Clk . _
Clock Llnk 1:2 DEMUX 8 o :
System _I_\_I_ L ?1:8 DEMUX —:- § %
Clk Rxdata A1:8 DEMUX [+ § 3
Reset |\ L 5
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P H A
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s FYTBEEZFEALBWV-OR—FVTEBIZ&E
Controller
¥ 01 y01 ¥ 11 ¥10 ¥00
Memory00| Receive Repeat Repeat Repeat Repeat Repeat
¥ 01 ¥ 11 ¥ 10 ¥ 00
Memory01| Receive Receive Repeat Repeat Repeat Repeat
v 11 v 10 ¥ 00
Memory02| Receive Receive Receive el el Select
ready ready
¥ 10 ¥ 00
: . : : Sleep
Memory03| Receive Receive Receive Receive ready Sleep
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A EHE R (Repeat)

n $E{E TRepeatIZE&E
0aAvR (“Read”) AZ{EEh 3

Chip0 (Controller) hoyof
| Data@Chip0
@ [@ e o L U
/ 1y & Ty e AARS P\Mé ‘

Clock Data

JEEIE

Chip1 (Memory)

Clock@Chip1

AL g
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HIEFL R (Select, Read)

m E{ETSelect|ZERTE
0av Uk (‘Read”)ZmIZ. T—R3%HHL

Chip0 (Controller)

T i | \ Data@Chip0
— S h x|l . =(La e fla =
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Clock@Chip1

Clock Data

JERIE

Chip1 (Memory)
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HIEFS R (Sleep)

n E{E TSleepliRE
0T 2R (“Read”) WZ{EINTRLY

Chip0 (Controller)
PERDE

Clock Data

JERSE

Chip1 (Memory)

Clock@Chip1
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TCI PE k&
e WMAREE Ao
A5 L —{miE JO—FXv Xk
HEBEA 307mW (1/2) 557TmW (1)
/0 B ETE 3,645um?/chip (1/40) | 145,744um2/chip (1)
Fv T 64 64
(I \r—o8) | (1739 —Ux 64Fv ) | (8739 —Tx 8Fv)
BEFrRIL 2 2
T—ARERE R E 640Mb/s 640Mb/s
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128Fv~7 NANDISv 1 iE=

e 3 MAREE AC &R
FyTH 128 A*EYFvFT +1avrA—5FvS
Fv I 256 2912
A
WAYTA | ooro—3
TN | erior— 34 129
=R NAND ¢&
Py 257 416
64Fv 7%
E1E 8FvITRILL Wired-ORL 7=
JO—FFv Xk
IRILX—HE
[pJ/bichip] 2.6 (0.2) 13.6 (1)
T—RERE R E 2Gb/s (3) 640Mb/s (1)
ISSCC’10 [l Datasheet : Micron, MT29F8G08FAB\I{:\;"'§
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DRAMIE R

T37499RX E/NIL
T—REERE 256GB/s 8GB/s
HEEAN 10W (1/3) 0.1W (1/7)
/o LA 7 +ETE 0.8mm?2 (1/7) 0.3mm?2 (1/3)
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(Discrete Cosifpe Transform)

DWT (Discrete Wavdlet Transform)
1 SHA-1 (Secure Hagh Algorithm)
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CPU1|CPU3||CPU7|CPUS5

SRAM in 65nm CMOS at 1.2V
Two SRAM'’s can be stacked
CPUO|CPU2|ICPU6|CPU4

Processor in 90nm CMOS at 1.0V

IRILF—HE: 1pd/b (1/30 of DDR2) [26]]SSCC’09
LA 7 rmE#&E: 0.15mm?2/Gps (1/3 of DDR2) WlVLSI’i@;,
%”mm
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2MDSRAMEEE

| A
A
1 MB SRAM 8 CPU processor
90-nm CMOS
65-nm CMOS n
: :
ID_ . . B . . 0
ok inductive-coupling link ~— o
D
v ~ wire penetrate
N
W v
50 um | short risk (A)
40 pm (glue) short risk (B)
y 20 um
20 um (glue) plate to control
wire shape

<0 VNS
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MCM

Graphics DDR DRAM Graphics Chip
XK K K K K K I XK K K K K K X

Package Substrate

Smaller Package Size
Lower Power
Higher Performance

DRAM DRAM =

DRAM DRAM =
Graphics Chip Graphics Chip o mm

Package Substrate Package Substrate
Year 2012
Capacity Max: 1GB
Bandwidth Max: 256GB/s ﬂ"’
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256GB/s Graphics Link in 2012

m 36nm 0.5GB DRAM x 2chips = 1GB

@ Maximum communication distance
= (50pum + 5um) x 2 + 50pum = 160um

m Coil diameter, D = 240um
Pitch = 480um, Block size = 700um

m 32Gb/s x 4 = 16GB/s 10 block

16GB/s 10 block x 8 x 2chips = 256GB/s

ThruChip Interface

R—
L:o:o:o:oioio:&:o:o:

B Graphics Chip
© T. Kuroda (63/93)
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Mobile Chip Mobile DDR DRAM
XA K X K XK X & XK X Kk K X XK K K K K X

PCB

Smaller PCB Size
Lower Power
Higher Performance

DRAM DRAM

DRAM DRAM

Mobile Chip ™ MobileChip ™
Package Substrate Package Substrate

Year 2012
Capacity Max: 1GB
Bandwidth Max: 8GB/s

K0 UNIERSry

o X
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8GB/s Mobile Link 2012

m 36nm 4Gb DRAM x 2 chips = 1GB
m 4GB/s TCIl is used for mobile.

m MUX/DEMUX are implemented in CMOS.
Energy/bit is reduced to 2pJ/b

5mm

m Coil diameter D = 330um
Pitch = 660um, Block size = 990um

m 4GB/s 10 block x 2 chips = 8GB/s

Pads for Power
12mm

Il Mobile Chip DD DRAM Chip 0.5mm  12mm

© T. Kuroda (65/93) A



T RE P A (20124F)

\ 2012 Graphics 2012 Mobile
Number of 2 2
Stacked DRAM Chips
Data Rate 256GB/s 8GB/s
Chip Thickness S0um 50um
Power lIRambus| 26.6W (1) 920mW (1)
Dissipation [ g 10.2W  (1/3) 128mW (1/7)
/O Layout [iIRambus| 54mm2 (1) 0.6mm2 (1)
Area
in DRAM Chip| TClI 0.8mm? (1/7) 0.3mm? (1/2)
Process 65nm CMOS (Equivalent to 36nm DRAM)
1 K. Chang, et al., VLSI Cir. 2008 oo,
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DRAMSEAADT—AOA—KTv

\ 2012 2017 2022
DRAM Process 36nm 20nm 11nm
DRAM Capacity 0.5GB/chip 2.6GB/chip 16GB/chip
Chip Thickness 40pum 35um 30pum

Number of Stacked DRAMs 2 2 2
Total Memory Capacity 1GB 6.4GB 32GB
Total Memory Bandwidth 8GBI/s Ija 48GB/s IZSZ> 256GB/s

TCI Data Rate 1GB/s/ch 2GB/s/ch 4GB/s/ch
TCI Coil Radius 150um 120um 105um
TCI Channel Number 4ch/chip 12ch/chip 32ch/chip
TCI Energy 2pJ/b 0.4pJ/b 0.08pJ/b
TCIl Power 128mW 153mW 164mW

(00 UNIERg,
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1TB/s DRAMA 271 —X

ISSCC’10
20um-Thick Emulated-100nm DRAM Chip (Upper Chip) DRAM Transceiver

. . - . .
B 3 NIRRT I I R S R 1D %] T34 Mod 158 ] ol ] P (ot ] 08 A Bt 0 1 BG
ot L e 08 L0 W SR Lad B D A B B 0D el el i) e W Rl e bR e B0 B G0 3 e
0
18T ; RPN

A T e e e
.
-
.
.

aRREAARRRARRE AREAARARARSARERA_ i}

-

' c
Stk

AT LA ST BT I IV e T IS Al I 6] A I GPU Transceiver
65nm CMOS GPU Chip (Lower Chip) (in Lower Chip) )
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DRAMA LA T—R 1 HE

\ TCI 114 S 45
2YAWIN =] 8Tb/s (32) 0.25Tb/s (1)
TR R E 8Gb/s/Link 16Gb/s/Link
INZsk 1024 16
LA47 o mEE 6.5mm? 4.4mm?
L -G NAVIN 0.8mm2/Tb/s (1/22) 17.2mm?2/Tbis (1)
BENHE 8w 2W
THRILEX—/ bit 1pJ/b (1/8) 8pJ/b (1)
EwvhiRY & <1016 <10-15
Jo+x Emufast::in 1%'X'r?nsl S‘R am | Emulated 40nm DRAM |
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1 2 3 4 5 6
Data rate [Gb/s]

10-12
0

Inductive coupling
interposer

[ »
| Wi
| i1

TX circuit Data

‘IN)UN"EM“‘

, . . X
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TARaXMEIEZh R

(a) fEkDIEAET R
Data

(b) 4R D IEEEART A+ (c) FrieE D IEEEAT X

nductor DC test units

§ w1 = DC units
oQ = - T Induct
a2 Manufacture cost< ’ nductor
S g; (oc chip size) - . Core, I/O
O'o—

NEGE

B g Test cost

EW ~ (oc 1/(Number of {

g 3 DUT-chips at a time)) | "
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6W15mm"7:|:/\

Multiple Coil Arrangement

FoM [W/mm?2]
(=]

HRIRE

This Work

TN

£x[1]
4,5
0.01 1 1 Illllﬁ[ ]I L1 1 111l
0.01 0.1 1
", Distance [mm]
Tx COII“‘-, P g Received Power, P 6W
(Probe): : :
:-‘ W i Die Area, A 5x5mm?2
|§ i FoM=P/A 0.24W/mm?
by P i y 4 Distance 0.05~0.32mm
HE Efficiency 17%
Rx Coil ; Carrier Frequenc 150MH
N i u z
(Wafer) : arency
o ' " o " Ripple Voltage 65mV
Q-Factor Boosting Supply Voltage 1.8V
(Magnetic Flux at A¢ = 180°) Process 0.18um CMOS
(0 UNIERy,
ISSCC2011: 6W/25mm? Inductive Power Transfer for Non-Contact Wafer-Level Testing A

oy &
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> 1 ILEEE T
2LX T ILER
LT REREIC
EREINT-
TANHEF VT
Jn—JFv7
(EZ{EFR)
FCBL To/From
A9 ERIIaL—%
BREXZLSI [\ ZLE T )L EEE R
(in SSOP pkg) & (FcB)

FyTREHICAI

[10] ISSCC’07, Keio Univ.
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Development Kit
(target p-controller)

Wireless probe
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DI/ Mask ROM

AEEE \

58)LEEy5 R — (DRS)
Rt 2.5Tbit @45nm CMOS
I/ \% |

SiO, R TH #

, . . - X
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Ab—>
DD

Power
Sensor

BCE BE B

V.
& SEN

| 200mV/D|v I | Bl -

Received Data

@rerps il !' ﬂ mmmnlrl!m!

BER<70-12 | }} |

Wf Equ: Data Rae
AT -150Mbps "

' oeBEx s X 25.0 ns/ (TR 578 mv 1
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m The Digital Dilemma:
AMPAS: Academy of Motion Pictures Arts and Sciences
There is a dark side to storing information digitally.

mIMJL—3a:
TOANATUVEFH LW ERBEEICEHMMICOE—LT
RUARET S,

- EE'IE%IE 'il’\_ashm l}ﬁ_d_é . Source: The Digital Dilemma
-N\N—FT 4R

EM30E, (T L—305~10F8 ., QIS OBHEN S,
-TORINT—T:

Fin5FE., RETHIGHONTLELES,

T 14AX% (CD, DVD):

F15%F, RO S LI FEGS0E, /T L— 3204,

mIATL—3 nE=HODERIZEL,

THE DIGITAL DILEMMA
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T4 I)LLRFIARR

7rOJ&%F (58) TOAIVRTEF (F3E)
e 4K YD T—2E: 8.4TB

(53 MB/2L—.L*24 2L —L/F*1205*60F) /R &)
T ORI T—TDRFE: $500/TB/E
RIRE1ARDYRI—REE: $4,171/5F
O —3EPRTFE: $12,514/F
T OB EBETEON-2TOlAK
RV RFISHE, RFEEILFERM$200,000
Ll E(Zh:5,

To store a digital master record of a movie costs about $12,514 a year, versus
the $1,059 it costs to keep a conventional film master.

Much worse, to keep the enormous swarm of data produced when a picture is
“born digital” — that is, produced using all-electronic processes, rather than

relying wholly or partially on film — pushes the cost of preservation to

$208,569 a year, vastly higher than the $486 it costs to toss the equivalent
camera negatives, audio recordings, on-set photographs and annotated

scripts of an all-film production into the cold-storage vault. @ (NY Times) )
ource: The Digital Dilemma

S git ;%fﬁ
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1um 0.1um 10nm 1nm
[ [ I I
(C
1018 07\\-\500
3 i 303k FSURAR l)k
1075 ] 1000 Ht Y4/ A
D eAmommE e T @100 DL AIA
,,'i 1072 ’ 10hm
"\ o Sl 0L E g
) 107 - 013um —
1IN I [Moored);iﬁllid);ﬁ?ai ]
L 106 0.35um -
m Fiffi: 2D > 3D
100 | u ifiiB: 7/3AR > Bt
;[ RO BB | m t“~>“* +1C1.0 > 1C2.0
| | | | | | | | | | | | |
1980 1990 2000 2010 2020 2030 2040 2050
&

0 UNIERS

Hi & : T. Kuroda, I1SSCC 2010 Panel Discussion “Semiconductor Industry in 2025” 1
z &P £
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2006 2016 \
@ = 3% 0.36PFLOPS—110PFLOPS (300f%)

Q/ B 15m—0.12m (1/125)
QIEES  2900kw—33kW  (1/88)
120mm l/_/

m 22 AR
- ———
module Node Cube i?‘"'.'

..... 10mm X 10mm .

memory | processor "N N T ..

N\ £

Compute Chips » )
8mm X 8mm

.
.....
''''
oooooo

FyTH - €EPa—)LM -
/ — FRE&E

2016 0

ORABE/LREE (BE) () SURSLRERE (BB ) —ME (28)
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1. BRESICEZFyIREE

ThruChip Interface (TCI)
2. TCIDIGFE
3. BHARAITESR—RIEES

Coupled Transmission Line (CTL)

FyITLARIL R—kLR)L
3DIC RO RIS
um, 5Tbps, TCI mm, 50Gbps, CTL
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EREESEOATRYA—FOHAF3T7—R

BEHRRmeNTT L B, TR FEZREIFVUITYTO—FTES,

a4 J)L1004E (3cmx3cm)
HD-DVDB{&(15GB) #>O—FK 1.2#
DVDR.{£(4.7GB) AryoO0—K 0.4%)
HEHCD(700MB) Ao O0—K 0.067)

EHAE)H—R(128MB) 7vFO—F 0.01%

BREEMD
BHAETEA

. 7L_
ERIEEALEE
+EBHIRE (F100mW

DAL AR—k i
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JEBEMMAEY) H—K

Host Slde .
T . Card side Host side
ransceiver i
chip
L
. d! 3
H : Trans.
FCB " chip FCB Inductor
.f ........................................................... : InductOA
FCB
Inductor i
Uplink CLK link Downllnk
( 4 ] 2mm| R
E mmi ETEt o CITrLIrLT » H
j Trans.
i 4 | H .
Smm; Il* chip 0.5Mmm ~ 1Tmm
Transceiver
chip
Card side | Inductive-coupling

¥6mm_/< |SSCC2010 interface PCB

. i AEYH—F .
Yl TES work (FESE) mm;& TransferJet
- = 0.5mm ~
1815 EE Bt 1mm <1m <3cm
Bk R 2.5Gb/s/ch 800Mb/s 4Gb/s 300Mb/s
= 5 6pJd/b 78pJ/b 77pd 2000pJ
(15mW) (62mW) (308mW) (600mMW) |,
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F R ILE RS
B ES

74> [dB]

B RESFvILE10Gbps) T T ILEIE

T
/ ¢/

_20 | | |
/| ,;/ 0 2 4 6 8 10 12 14 16
AR # [GHZ]
B 1ISSCC2011
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Channel Characteristic

'600 2 4 6 8101214161820

Frequency [GHZ]

0 0

O
—-20 -2dB@0.5mm Offset
= _30}
N 40k

-50F

-60 — ool fo—————

O 01 02 03 04 05 0 2 46 8101214161820

Offset [mm] Frequency [GHZ]
fEE T/ N\ A—F XY EEDFEZTEHR A6

BIEER. AL ThOEBILZSHERIER IS B,
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90nm CMOS Interface Chip Evaluation Board
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_Simulated

Measured

40 Communication
Distance=1.0mm
=0 3 6 9 12

Frequency [GHZz]
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i1 016
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107

1 {5 ER R

=1.0mm

0.5m

10 ' '
4 6 8

Data Rate [Gb/s]

12GbpsDT—4R2L—F&ER

10

12

m

14

S5 ERIEIZEY FHERIZ25Gbps/ch.ZEH F 5 (2ch. T50Gbps) -
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BB ENSDFE/N

231.1 PRBS @ 12Gb/s
10-3f
i 10
m 10°
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