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Abstract

This paper presents a study on the integration of 3D-stacked dual-tip RRAM with a CNN accelerator
architecture, leveraging its low drive current characteristics and scalability in a 3D stacked configuration. The
dual-tip structure is utilized in a parallel connection format in a synaptic array to implement multi-level
capabilities. It is configured within a Network-on-chip style accelerator along with various hardware blocks such
as DAC, ADC, buffers, registers, and shift & add circuits, and simulations were performed for the CNN accelerator.
The quantization of synaptic weights and activation functions was assumed to be 16-bit. Simulation results of CNN
operations through a parallel pipeline for this accelerator architecture achieved an operational efficiency of
approximately 370 GOPs/W, with accuracy degradation due to quantization kept within 3%.
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Fig. 1. 3D-stacked double-tip Si nanowire RRAM & its
READ characteristics.
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Fig. 3. (@) The proposed NoC architecture using
3D-stacked double-tip RRAM and
(b) pipeline for parallel computation.

I 3. (a) MotE 3%t HEE RRAME E&SH NoC7 |8t
OF7|EiX{Qt (b) HEHLMS ISt mo|ZEfol

. HEY RRAME &&3k= NoC oF[EA

19 2. (@)= AIre 339 BE d RRAMS &-8%t
Network-on-Chip(NoC) T+%9] oZ|ElAE e}
shute] Y Qtoll 1687119] Btdo] A1l S st 7} &
242 12709 Multiply-and-Accumulate(MAC) A3}
=9 2 24T 752 sk R HnE 4
o] Qlok. ol=gk A2 ATt el AldA v =
71°] wet FAskE ISSACR] =5 FEsHTE MAC
R UHol= 128 x128 BE © RRAM =¥ 871,
Shift-and-Add &%, Analog-to-Digital Converter
(ADC), 123l ®z7} b= o] ]t

a9 2. b= 19 2. (@) oPIEAY 582491 B¥E
AA4ke S8l stojzeielolet. 7 MAC F43W X EFdoflA]
o|ZeRRlE Bl ZF Al|EHEE 7H57] Wi sh=4of

=50] HEHoR FARITE 7 Afo|E9] AIZRZ of
71893 yFe] B steglo] £5 5 7F Alxto] 2
2= ADCE 7122 AsfiAl=d], o] ARk 1.2 GHz

e

iy

Fa ZHE& A8 Ao 1.28 Gsps(Giga sample
per second)Z 128 7 BLe] 235 Yo Z wo} T
Ag A2 HIsk=t] 100 ns7t &AEETHA].
o]zl 2] gt AAlRE A2 thaat At
A WA AolZolA= B WRY HEZRE YHo]
HE ¢lole} MAC §4H9 o9 HAAH 2= 54
R AbolE 2~172 4 HIAIAH 2o 4
dlo]ElE ¢loje}t 1-bit DACE 53l A4 HigdS &8
sto] MAC 94k sk Igolth 16 ARIES &
Hok= o= 1-bit DACE &-85t9] 16-bitE FHs}
7] 98l MAC 9ARS Z=385}1 shift and add 8L
ol ARSFE HF7] giZolot AlolE 29044= A |
A A2 MAC GARS =385kl 11 Zil= AfolE 3
oA ADC= Eoiztet. ojuf ME& A5i4=9] 4ol A|
WA HiERE x| o] MAC QAo £=8%]w o] Ail=
A WA AFH4=9] ADC 4ite] =E7] A7) &9
#9] sample and hold £ YAFCRE AAFHT}
APlE 4ollA= A B A5l A4t 237 ADCE A
A shift and add 32E S8 A4S W11 MAC
R RS =9 A AES] 27 o obAd I
i SUSH = HA A5 A4t A= ADCE AR AL
Al A A AEHolE 7 AEA Hige] Y= o]
MAC 4 ¥4 BtdE0] BHEdo g A4S 434t} o]
23t IHgo] AlolE 197H4] o|ojA|H AldA HidS &
83t BE B9 16-bit MAC d4to] Eud Erd
Wl &9 fAAHE =L HolE7t A1, tE
MAC F49] Zuet 4o]#] A B W9l shift and
add 325 &9l B W &9 HRAAE | 2ojX}. A
oF 21914 Bd W EE MAC 4 A& gt HI
23t 9B A8k IEE AXH, AlolE 22004
£ o] ZAEZ HY Wi Hnof| A= 32 SR
O] Afo]F 23 ~ 27 Huo] AH AHES 9folet

maxpool F4RE 33ttt

o

2. CNN 7147] A" AlEdelAd 23
32 23 HEY RRAME 283t A’k CNN 7+
&7] AARY 52 B7IH] 918 RRAM &4H9] &
A7} 32nm CMOS 3407 AZE FHIRE9] =2
£5ot AYAnE 12sto] AAF AlEHoldS 5
stelom, AMEE FEE9] Spec H 10 YERY Sl
71 23, 119 4ol4 FRl & 4= Qo] AA 66.23 W
o] A8 ANWsPAA 370 GOPs/W(Giga operation
per second per Watt)2] 94888 Rt o= 7]

(236)



CNN Accelerator Architecture using 3D-stacked RRAM Array 115

Table 1. Parameters of CMOS circuits for system

simulation.
= < 0| 3
E 1. A2 AIEH 0[S ffet CMOS 2|2 Iizt0|E
Off-chip links
HyperTrausport hl]f E;fl 4&266(;22 104 W
Tile at 1.2 GHz
Campoenent Params Spec Pawer
Size KB 207 mW
Buffer Nu_banks 4
Bus_width 256b
) Flit size 32 42mW
L Num_port 8
Activation Nimber 2 (.52 mW
S+A Number 1 0.05 mW
Maxpoel Number 1 0.4 mW
Ourput Register Size 3KB 1.68 mW

MAC unit property (12 MAC unit per tile)

ADC Resolution 8 bits 16 mW
Trequency 1.2GSps
Number 8
DAC Resolution 1 bit 4 mwW
Number 8X 128
S+H Number §X128 10uw
synapse Number 8 0.6 MW
array Size 128 X128
S+A Number 4 02mw
Tupul Register Size ZKB 1.24 W
Output Register Size 25 B (.23 mW
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Fig. 4. System simulation Results with power breakdown.
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Fig. 5. Classification accuracy for ImageNet dataset using
VGG-16 with and without 16-bit quantization.
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