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Abstract: This paper introduces the fundamental contents of the three dimensional processor, describes the design
methodology and development of the three dimensional storage system and discusses the development of the future

development of three-dimensional processor. Finally, the paper concludes the existing problems in the design of 3D

processors and 3D memory.

Key words: three-dimensional integration technology; 3D processor; 3D memory; TSV

1 5§

YA BB ST — TR 4 0 A B H B T
BRI g ad 1 2R o B 3% Akl L (through sili-
con via, TSV) F AR ST K B Z A5 2 (A 1
(@) AH BT 1 T2 =4S AR REA R0
2SRy B R ARGES i B T AR AR A R
AL BRSBTS A T B R AE IR 1Y 2 8] HL %
50 A B v RE R AR I B R R, B L
(W g T —Fh =4 2R AL PEAF BEAR S5 1. 1 T4
fits RGN M IAL B8 T A R 43, R T L AR
(14 50 Y0 247 [ ol -t B A Acb 3465 17 i) ok B B i A
MY EEF R, F I H AT = 4840 BEES 51 3 2R E X
= AT R G HA TR,

AR SCETE R HFT = 4EAL PR M — A R 58
AFEABLITT7 R A U BEAR 10 R e %, I
S 0 = A A PR BT T i ) [ &, X = 4EAb

s BEE: 2015—11—16; {&EHHE: 2015—12—29

Metal microbump TSV
Py )
A B
O “wosrer i "wosrer_Jfir]

I ) —

Si i MOSFET i Si
B
I I

V.4 Memory
o ;f A layers
,Z’ Processor
layers

Vit
it
VY Self-Test/
7% Self-Repair

Si substrate FEEEH KEY P layer

(b)=4E £ 1% b 2 38 45 1"

OSF.
Bonding layer

(a)3D VISLIEA &ty

B 1 3D VISL AZH#5 =% £ i hh B8 g4yl
BRI TT I = YAt R G0 vt i DA R SR i st
T 508, B 18 N E N =4840 PR 38 0F o8 42 fit— 5
5%,

2 ZHEAERIZITAE
2.1 ZHNEREMAS

Yk L PR AT DA D T A B T TE I 1 42 =)
L R AL [ R B DR FIAER L 3 TH AL B2
. SCHRL L DA = 4B 15 T2 58 T 25 44 S 191] L TR 40 1
BT T E LK g 0 BRZ RO B R > T



% 8

168 55 : ZHERAE PR BT REA T 0k K s b 69

Ky 6%~30%; SCHKL2 K Intel S5/ 4 ZbF 28
P2t =475 4 P gR g5l TR 1%
ko R G0 Ak A P gk R A > 50060 A2
BRI Z A = e 4 ) RC S8/ T 2
50 %6 s I REAR AL BRZS DIHE . = 4kl 4 AbBRERBETT
i b P28 R FEAE 14 BE i, b B 2R R RE A4S AT L T
156, [al B THAE A 15%0. 2w %8 AWF5E T — Fib
ZHERAKAE PRARAFAE SR, Bk T = 4RSS T AL
PREPEREAFR TSR, AUk . B AT E N T =4
AR PRES BT IHAR 2D o 3 H A B A LU 3SR
B L.
2.2 ZHEFHEREZMRISAN

HEl =4 RE MR FLE P AEH
DRAM/SRAM #4 i, Cache () = 4R 43 X 3 4r =
BN PGS = AR A R o k.
2.2.1 AH#BEX

HHER G R AR G T it E4 55 )
JIAR SR AT = AR 1 3 B AR A . B
FE0 0 AT DAAR US55 25 B A7 2R 80T o R8s TR
TV T A Z G0 A T R A 2 s A DR A B
Vi [E] A a] s (HAS B8 228 B A PR AR IR BE S XA B AR 1Y)
FEIR D R DFERZ A EL 150 W98 3 1 i b B e % 5
GeAE 3 M STARER B
2.2.2 KR4

A0 o3 2 A A AR AT 0 1) AT LA D8
KEFELK. IR L RC 40 R MY, & 2
(a) Fit7R HA N AA At A5 1 [ v 4t e
K HFEL R RRRI 3 X AEAE S A EA TR 4. A&l 3
(b) 7R, BBl 2 BTN 7K O ] e b T 3% 24K Bl it
Fodxx AR 2 RKID T 67%0 I ETR 2=y,
HES BRIGSIEA T 50%. RRI 407 Ak b 1 %
AR ZDIFEEE 5 R 73 07 1) B U)AH G B v 45 H 2
AT DA e R PR 2 AR AP e 1 L 3% 2 1 30 3 k.
2.2.3 30X

R3] 43 2 — Tl 0K 48 1 40 43 O = B X
SRAM/DRAM FE51#E 47400 43 B 50 %) 43 0] s 2> =
A A E 4580 53 I AR — AT 43 o e K
Gy LRI 53 P il

(DFZA 5

TN o1 I A8 WA R G 6 4T ) 64T
F A AR A AT = 4R R 1R 3(b) R, L
R T Al RS T A K BRI B L
25 AT FIIDAE SR A R GubERE. 1R 3
(O FLFWEHE T TE. LEFEBILL TSV AL

\Sank \B ank&Bank&BanH
3x
}\Bank(NBankZ\EankNank&

() P4\ A1 i P B8 B R FE
— &R IN R

A
Bank4 \ Banké6
y
Bank0

(b)3D7F fifs 4 37 1 4E Bk

g

B2z P/ \DNFEEERE - SRIMERRES
3D TR S A s A

5 PR L, M TR AR . X T A AN
R BRI R A R BT
P A E TSV fL45 7L iF s H3% . FL3 R0
PER X TSV A Bl R P Ak 7] 52 BT H i

ZIREL TSV LRSI AEXTEOR 5 A K TSV fL
K511 22 A HIUBRON ) 45 DR J0RE 1 55 = ZESR 7
Jvts R B I .

S EEEE

[ [ [

o et
—an
L
o
n
LT

1-to-n Decode
CHCHoH CHeH e o
EEEEEEEE

o
=]
s}
153
o
A
=
v
[}
e
—

I
I
I
I
I
|
)|
IH
v

FoFH
HHHH
HHHH
HHHH
HHHH
HHHH
HHHH
HHHH

P e e
HCH e [ [
e o]
CH e [
e ]
ICHHEH I [
EHEH A
e e e e
Far o]k

il o o3 o3 5 3 e

k| K|k
4[4 [Hg[He[Hc[4o[4g[H
SACT T 1T 1T 11T 1T SA j

() 2 — 4 P TISRAMPBES  (b)1% 7 £k &l 73 77 fih FF 51 = 4 4 1

[ [
I [ A
][]
o [ [
HaH|IF

o HoH o
o eHH oY

[ ]
53 I
I ]
o e FeH
F F|F

e
T
T
T
=
=
=
e

2
[ ——
(OF R BR R IR = e it (d)IR AL 2R R 23 A7 A B 37 = 4 4

3 fEGEZ4FE SRAM BESI
BFENDEEEIN =4 ER.
EHREBRRER=ZSHEHR
BT &R D TFE T = S R

Xy

PR 3 R K A 2R G 7T Tl BEAT R
He PSR T = 4E B2 B A0 18] 3(d) s, L4 X
Oy AL BE L FEARAT A AR ST T S B 2k B 1
B IR SER S S THA7-filf R ST TERE. SR AL Z oy
AT YRR B S R O B TR,
HEIN 1-to-2 BEFE A AT _EJZ 80T 2 A9 AT B A4 L
. RN 1-to-2 TFEAR 25| ABSMER L (HAH L
PEEHEIR J bl LA 2 AT I HAZER I 70 TSV AL



70 P 2R SR

R B BEBAR M LR 5 ) T 52 .
2.3 ZHEHHNLEER

B2 = 4T AR 2 7 LR T AR F 5 ] T
G A = AE 206 2R Go ok 32 = Z A% AL PRAS P AR A
T = 4 22 A% A P25 A7-fifh 28 50 180 9 M F 5 44
HHET, 4 A R R BER EEA T =5,

(1) SEAREE BLAFA

H BRI =7 R B R E R T 2
AR 2 b A M R 2 A A B AR A . SR (5]
ST ELS V&6 — iP5/ b T 2% 40 PR
# 512K SRAM /R T2\ Rtz b, Hp
SRAM FLZ#5 ¥ 50% Bl TSMC 90 nm CMOS T2
TR R S R LT 2 A Pl 2 1. A HE -1 Ak
g, 2 AL R G MERERR T T 66. 420, {0
FEAH 2R G0 FNAL B AZ 1) STARSE T N R ST 4 R 4 =
Hr L B AR DA S = 4 5 . SCERE6 1i3E T T —
AEPEREZ v A7 A 1P, K = 2 DRAM £7fiff B e
HZ% A E it B E M4 (Network on Chip,
NOO) #-AT . 3% . A F = 4 8 i35 AR A B = 4 1 3%
I BT & T =4k DRAM fEAEREE% 77
FIF =4k TSV B BEA KM T AR ] B R]
DRAM fHigitsise. I H it —2 2R R 3L T X8 E 1Y
fIRAEIR 3D NUMA (HE—#hE A Rl 8544 5 2 4%
Wb PR ST AR B A5 RGO M RE R T T 3420,
[FIEPEE AM 3D NUMA 43310k /\ 2 B o £ 2 B X
T4 16%.

(2) Se=ZAE6k

HEAAE IS = g 2B PR T Uz —.
LA R A A L (AR e, $E T
L0 R G0 R F 6 AR ) Bsf ] s [ B R s 4 T v
Yi. SCHRL7 19T TSV HELEH, R A H-trees 47
Bl et AN 2 0 R AF S5 B TSV 1% 4 A 7E
HALEAERE S 2 1 1 A T A 58 T T 4
St Hov, 33 T RS R T i KT T R AR T T
P 8, AH AR A R A ey ) ity 11 92 A
fitfAis Il e 4. SEEELRAE ] LUK IE R T BEARPERE
WA BRES T o T AR

(3) i A

I3 AT B AT AL L 10 = R AT LR A R
A TR e A GE A ) B R]. SCRik (8 4 4y
MEAEE T TSAR 242 H X F 256
) TSAR R 1+ 1 A7 H. 3% o], v LIk 3
2 Th/s WA Fe A& H o JE .

PLEAT =2 AR At s i e L A

0O through TSVs

Wide Data 1/4
Die 1 g o
Die 2 . .
Die3 3
. g - smaemss smmsss ssasssss smssssse
Bundle 5
)
Die N cessss sataiil o EreTIIrts
H-treo Subarray |+
S Addresses & - Mat e srsseese[[sssneane snssmane
T DIa 10 i ssegenss gssssess||ssssssss sessssse

Subbank H

B4 =fHAZ7FMERT

7 k. ZHESL IR B AN R — PR M HOR T L
P JRE Z AT T M ) L 2 [ . i A Ak B85 P
o SRR R+ 1 UITEE P 5 G A [ ARS8 1 A
K = ZELOAR N T Tl b B A B Fp R figp ek 4 ]
A 507 15

AR TS AR AL B RIS, o dR 18] 4 B
o 7K | BN AR BE LR B i B J R A 14 = i A
RACT SR AR . =45 LR G4 # o =
ABE RIS BT, =4E4b B3 A8 1
PRI AR R T P A5 USSR 2 AR 4654
BT R S = 4EAL BE R0 27 1)

DRAM

DRAM
Az Core Al Cored
General Purpose CPUs

Accelerators I
Pﬁf{%’ S%%'A‘éa Y[_PCM
L1 AHT T 77555
General Purpose GPUs |_DRAM

| Interposer

5 RkH 3D HERFGLEMIR- B CPUGPU,
MRS B ETFfERR AN B S EfE R

3 E¥ESHE

96, BT B = dE S kT
XFRGERER Z . H R, 3D AR B R R A
TSV Y] H L5k TSV FLAT 4656 B 2R K L AR
B0)Y R ERETS 11 Gk 2y N e o s o N I s i e By
TR, TSV BiEZ5fd TSV FLIRSHEER
[ A5 s i v, e E TSV 4 BBl F4 E2 BH 44 IX 5K
@ L oy il sl ) NN TR A T = e
JIEE AL I H XY TSV fLEH i 20, TSV 1L
P FLIA) 25 A S 06 X A 2% 28 40 M RE s B R
SO, BTk Sl R, SCHRLO T4 SR 6 2 BT 45
TR TSV S5 1T = 2 52 v B BE i % i, Ot
SETRSEMIAI LT TSV 454 BoA /MY 25 4 35
DA R MR A AL A B AR B S5 A il
HTAEAE RIME , Bl T2 HaE BRI SR AR



% 8

168 55 : ZHERAE PR BT REA T 0k K s b 71

AR TSV 4544 44 7l e s U 8RS
4.

HUR = HEAb PG SRS U PR B AR SRy R H
HEL, HATE 220 F 0 = A B g it T
JIZ 5T, Dong Oh Son™*) S5 4K 4 Ab FH 35 4% 1 1.2
R A AR ELAT Ry s A BT T = 4EAL S AR AE ST M4
BGI AR HR AT SRy X6 T A B AR I R S e, BT T =
AERL PR IAR B R fa 5 RIS 25 ) T — AP A5 3
(4 Je Jy 20, Kim M 455t 3D 42 i DRAM Z5# #4
[ AT T b AR T3 R T =R e B A8, I
XP GO T T A0 2 B, X =R a5 # BT s | &
F IR R T T 05 E L FUE IR 15 B me AL i 45

R HATXT 3D A HLEF i F 3 B IS B AT
TARZWFFE . {0 3D Ab 34 25 (4 B n] B4 76 R A5 21 i
TR, Bl = ZAEAL PR AR BT ) R e AN T 2 B
R BT BT R S = 2 Kb 3R T T 0 2R R 1Y
[m] .

A, = 4EAL PR BT = R G R TR M
JrikA Ja BT Bt AN g fa 4, 1 H AR 77 AR
R A M R R A i L BR B 3 2P, Syn-
opsys 2y Monolithic 3D /A& X} =4k R G K ik it
FUR T 2T TR # T 3DSim {5 H 4 b 3 &
BT A5 IS AT, (H i 28 T 5 HUJE A
— A ECE B I T i ke = AR R B T i Y TR) R
FHARE TR WX = HE v i AT 40 BT

FEEN =B AR B TR B AR
IEALIFIESE? 15

4 HRiE
ARG T =HESr A AL BEE ABET D B A

WFFE IR L L K = A BEAR BT B il Fr) s 1 1) AL
= YEST AR AR — R ik H R 2B
(77 %« A 3 B ) R . AR BRARAE O R
DFEBPE T ARG RE L AE I B 22 B A T E Tk
VR . =2 (AR A P BT 1 5 45 ke ok
= ZER AR S BLAL PR PERESR T FiliE T2 A
W R R » ST AR AL B BT R B BE R
PE ISR R PR RE L SEAR (1 DR L B/ 1Y
B A B AR T AT A R 5 A DR AR I3 A
BIUANE ) 0y B A 28 0 2 55 4%y T ) A L2
BEBFTEAWTIRA » 1 LE DR 22 A DL A .

ST R AL B AR BT TR RE (R S FEAL
BB — D A S BEE UFEA MR =4k
AL PR AR B /N RR L S i PR RE AL BG4 4.

SE

[1] R Egawa, J Tada, H Kobayashi, et al. Evaluation of
fine grain 3D integrated arithmetic units. In IEEE In-
ternational 3D System Integration Conference. San
Francisco,CA:IEEE, 2009.1-8.

[2] Xie Y. Processor architecture design using 3D integra-
tion technology[ C] // VLSI Design, 2010. VLSID10.
23rd International Conference on. India: IEEE, 2010.
446-451.

(3] 2w, skFEE, MEHE % ZgAE R AEER4
i oE )] R CARBLE RO . 2014, 50
(3):330-334.

[4] Puttaswamy K, Loh G H. Implementing caches in a
3D technology for high performance processors[ C] //
Computer Design: VLSI in Computers and Processors,
2005. 1ICCD 2005. Proceedings. 2005 IEEE Interna-
tional Conference on. South Korea: IEEE, 2005
525-532.

[5] Hsieh HC, Sun Y F, Yeh J C, et al. 3-D stacked
memory system architecture exploration by esl virtual
platform and reconfigurable stacking memory architec-
ture in 3D-DSP SoC system[ C]// Acoustics, Speech
and Signal Processing (ICASSP), 2014 IEEE Interna-
tional Conference on. Italy:IEEE, 2014.5012-5016.

[6] Azarkhish E, Loi I, Benini L. A high-performance
multiported .2 memory IP for scalable three-dimen-
sional integration[ C] // 3D Systems Integration Con-
ference (3DIC), 2013 IEEE International. San Fran-
cisco, California; IEEE, 2013.1-8.

[7] Lefter M, Voicu G R, Cotofana S D. A shared poly-
hedral cache for 3D wide-I/O multi-core computing
platforms[ C] // Circuits and Systems (ISCAS), 2015
IEEE International Symposium on. Portuqal: IEEE,
2015:425-428.

[8] Guthmuller E, Miro-Panades I, Greiner A. Architectural
exploration of a fine-grained 3D cache for high performance
in a manycore context| C]// Very Large Scale Integration
(VLSIF-SoC), 2013 IFIP/IEEE 21st International Confer-
ence on, Istanbul;: IEEE, 2013.302-307.

[9] Xie Y. Future memory and interconnect technologies
[C]// Proceedings of the Conference on Design, Auto-
mation and Test in Europe EDA Consortium. San Jose:
IEEE, 2013.964-969.

[10] DO Son, H J Choi, H G Jeons,et al. Thermal-aware 3D
Multi-core Process-or Design using Core and Level-2
Cache Placement[ ] ]. International Journal of Control
and Automation, 2013,25(6):25-28.

(F#5% 75 70



% 8

ERUE A i RBAIE F R L AR UE A TTE AT S Ak 75

P BE LT ARTR B 17 0 T o ZEAR R T AR A Ay 42 g
Ay T 14, 6 % F0 19, 9%, [l . Ak ah kTS|
BT BURIIIAE T8 2 AR B/ N

%1 DFFASR (L4 BI/S 8477t

P iGN it [
TR /s TR /ns W
iRta} 67.1 22,5 1,99 1
s 66. 2 232.7 1.55 ~ 5.83 1,09
XA —~1.3% —14.6%  —69%~+17% +9%

&2 LSUPfEALRT/RHEAR3TLL

Rt 1E§FEE; e/ -
TR /ns  FEERS/ns W
URCa:) 38. 6 70.5 4.15 1
KA 39.2 56. 5 4,14 ~ 4,35 1.15
XL H+L6%  —19.9% —0.2%~+4.8%  +15%

i 7E e IR 15 B0 (SS, —40°C) . DFFASR Al
LSUP AL SE I AEARHE T A8 42 Fsf ik 2> 110 e 38 1) B
F A5k 18, 3% F1 79. 7%.

5 H5FRIE

ARSI SR 308 s 4 B R SR Dy S S L T
TARBIARESRICIE BT 12 BFFE T SRR A E SR
X R LR R B HL B R AR 20 L DC 255 S0
FWIHBRICFR AR 11X R % A 55 R L A PR RE A
DIFEBEA WL 1 SR 2R A — e R
FER LA TR, 3 00% 32 nm BRAEBAICRE R 1 528
EALEAL D il g BRI RS AL g BT AT T
AL AERRE S (T, 25 O) F L A5 AT E R
FE R AYLERT B8 T 14, 6 %0 F119. 9% iRtk T HLUE
PR o 2 R L NP B A T B A [l

SE Wk

[1] SJ Surhud Khare. Prospects of Near-Threshold Volt-
age Design for Green Computing [C]// proceedings of
the 26th International Conference on VLSI Design.
Pune:IEEE, 2013. 120-124.

[2] A Steven K Hsu, Mark A Anders, Sanu K Mathew,
et al. A 280 mV-to-1. 1 V 256b reconfigurable SIMD
vector permutation engine with 2-dimensional shuffle in
22 nm tri-gate CMOS [J]. JSSC, 2012. 48 (1):
118-127.

[3] M A Himanshu Kaul, Steven Hsu, Amit Agarwal, et
al. Near-threshold voltage (NTV) design—opportuni-
ties and challenges[ C] // DAC. San Francisco, CA:
TIEEE, 2012: 1149-1154.

[4] Nitin Borkar, Vivek De, Shekhar Borkar et al. A
280mV-to-1. 2V wide-operating-range 1A-32 processor
in 32nm CMOS[C] // ISSCC. San Francisco, CA:
1IEEE, 2012: 66-68.

[5] JPdG YuPu, Henk Corporaal, Yajun Ha. An ultra-
low-energy multi-standard JPEG co-processor in 65 nm
CMOS with sub/Near threshold supply voltage [ ] ].
JSSCC., 2009: 45(3): 668-680.

[6] SL WeiJin, Weifeng He, Zhigang Mao. A 230mV 8-
bit sub-threshold microprocessor for wireless sensor
network[ C] // VLSISoC. Hong Kong: IEEE, 2011;
126-129.

E&EE T

ERE L1001 B HFILE. B5E 7 W IR d
L P53, E-mail; wirl 3@mails. tsinghua. edu. cn.

EMF B, Q977 W, BIRFFE AL BFFE T 0] 2 = REAL
VLSI/SOC, {5 B % 4 4%

(L% 71 70

[11] Kim Y, Song Y H. Analysis of thermal behavior for
3D integration of DRAM[ C]// Consumer Electronics
(ISCE 2014), The 18th IEEE International Symposi-
um on. Madrid Spain; IEEE, 2014.1-2.

EEE T
& & B,Q991), s A, W5 T I AT TSV (ki

ZEAL) 1 = AL BRRR 45 H LA S = 2 i B

F-mail: 1311970283 @qq. com.

Bx P, 971 . WFHE AL W55 8 TSV/MEMS #
BT LR,

HES W, 987 W58 BTy 1) Ry A B2 44
Xl
1T

5 ,(1988-) , i WF g A=, BF9E 7 16 & TSV =4k



