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A High Speed, Energy Efficient Computing-In-Memory
SRAM For Binary DNN Processors

BEZR
=
BEADPERIES .
CAABER LWL BEATASEATESRE -8

E=EIMentor Graphics L7200 » SEEREIRBETETE

ZhEE WRIIZFSF Tasty hand
B R BRER /| BEAREFIEWRA
B B FEE /| BEXRBEFTIEMRA

S i

ek | BEANBERTIEMRAAN
KRB | BERBERTEMRAN

R

PEZoE B IR B AMBE » (RIVFERIEEMNSENFT
BiTBEEE - A IoE R BEARKIESEELFERIRIBEE
BERNEERE » ERMEAERGHISEEEFEENSEIT - &
IEEMECIERED » ASRAMAYEBIRLLDRAME LS5 > @
EHLEDRAMK » BEFRESRIRR  EINFE (FRIEE
FHRRE) » RELEEBRTEESNERT r AGHNENE
R FESRAMER T SR - THERIRDRAMEZ BRI
MEFHER - ALLSRAMEZERREEE KRS » NBDFREE
KIE - BESRMSIREEIEE -

BEREERBBME (Von Neumann) 2218 BEBRIR
RIEREZIEREEREE - WREBEREZRIRELF@T
EREA/E LR (1/0) 8 BEERIEREERBERLE
12 #8879 Von Neumann Bottleneck] o 3TEETE2K » [BE
REUBRYRF (20T » 2B S8R 22 (Neural Network)
MAHRPIATRIER - BRIREM EHASLE  BHEBE

ORESHTERITER » EFNREEBRIEINFER

CER

NASRERTENFEEEEGIEIERE (SRAM) » KK
E&/IJJDZETF—EEE\VKTEFT$ SR RENER (Comput-
ing-In-Memory) EIRHEIEL = ANEXRTHBEUFEESE
FE~ IBFHEB K (Efficiency) FMEHEE (Accuracy) ° T
VIRAERTZ BERIFE -

1. BRES RN EEECIEE (SRAM) RECIEIENER
(Computing-In-Memory) FERREEMEIESS

2. TIREMEESE (CIM) F%E  (FRREMEEE.Z
Ees o UEMFESTBINFREEEEIET -

@ 2018 FERE YIS 1 SRR E0 =t BaME FI AT

3. A RS R T R ERE RN BRI ' i
BRENBEERIERBETESR -

HARE =K

(1) EEEMEKIEEBIEHEEE (ADAC)

(2) BEHAENRSZEELT (DIARG)

(3) EHEEHRENERER < EENRANAZE (CMI-
VSA)

B A REREH T EECIEEE (SRAM) "’F#EK%J%TM%
RUREEBFE ~ WIS REMITEE Z INRBRECIEEBNER
(Computing-In-Memory) AFEHEE -

CiM

i g it SRAM —— [SRAM
§: an -a PE

B, JPIHEE T ERBFEEREIEIEENETE (SRAM-CIM) BE » (&
SRAM-CIMARRIEEIBEENMETFRETERGRGEUNTETERER

o R SESEEEE -
THZTELE,

SCIRRBEIEREIRRET ©

With the development of IoE devices and wireless transmission
systems, low-power processors have become a popular
technology development. However, the IoE device application
system has issue of low energy consumption and unstable
energy environment, its system needs long standby time and
low power consumption. In volatile memory, although the price
of SRAM is much more expensive than DRAM, the read speed
is faster and the power consumption is lower (especially in
standby state). As long as the memory is powered on, the value
of the memory will be maintained, making the SRAM easier
to control. Compared with DRAM, it requires periodic update
of data and random access. Therefore, SRAM is preferred for
high bandwidth requirements or low power requirements. It is
usually used as a cache memory.

The traditional processor is a Von Neumann architecture. The
computing data is transferred between the processor and the
memory. The speed of the architecture is limited by the number
of input/output (I/O) of the data transmission interface. The
energy is mostly consumed in the process of moving data that
is called "Von Neumann Bottleneck". In recent years, with the
arrival of the era of big data, Neural Networks has become
a popular research project. Different from the traditional Von
Neumann architecture, the neural network can realize parallel
operations in a single chip to achieve high speed and reduce
power consumption.

Using high-speed and stable Static Random Access Memory
(SRAM), this study successfully designed a computing-in-
memory circuit for deep neural networks and proposed
three major improvement mechanisms to reduce energy
consumption effectively and improve operational efficiency
and accuracy. The following are the circuit features of this
study:
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1.1t is the first time combining Computing-In-Memory
(CIM) with Static Random Access Memory (SRAM) use for
Microprocessor.

2. The development of Computing-In-Memory (CIM) circuit,
as an accelerator for deep neural networks, it can reduce
computational power consumption and speed effectively.

3. Using a neural network architecture to achieve parallel
operations in memory without passing data to the processor.

Three major mechanisms are proposed

(1) Algorithm Dependent Asymmetric Control (ADAC)

(2) Dynamic Input Sensing VREF Generation (DIARG)

(3) Common Mode Insensitive Small Offset Voltage Mode
Sense Amplifier (CMI-VSA)

Using Static Random Access Memory (SRAM) features to
solve unnecessary energy losses and improve the accuracy
of computing-in-memory operations for deep neural network
accelerators.
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Fig.2 We proposed a Static Random Access Memory Computing-in Memory
(SRAM-CIM) macro, which focus on speeding up the fully connected layer in
the Convolutional Neural Network (CNN)
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