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Abstract

Battery-powered tiny-Al edge devices require large-capacity
nonvolatile compute-in-memory (nvCIM), with multibit
input (IN), weight (W), and output (OUT) precision to
support complex applications (Fig.1), high-energy efficiency
(EFMAC), and short computing latency (tAC) for multiply-
and-accumulate (MAC) operations. Due to the low read-
disturb-free voltage of nonvolatile memory (NVM) devices
and the large parasitic load on the bitline, most existing
Mb-level nvCIM macros use a current-mode read scheme

and only achieve a low IN-W precision (binary to 4b).

Our nvCIM macro delivers MAC operations comprising 4
sets of 8bIN and 8bW in the channel direction (Fig.2). 8bW
data is stored in 8 ReRAM cells on the same row (wordline/
WL) across 8 columns in 2's complement format. Each set
of columns comprises memory cells, column multiplexors
(column MUX), a WCVSS converter, a VSA, and digital shift-
and-add circuits (DSAC).

To overcome these challenges we developed: 1. An
asymmetric group-modulated input (AGMI) scheme, in
which a 8b-input is split into 3 sub-groups (2b-3b-3b) to
reduce computing latency, while maintaining sufficient
signal margins for the most significant bits (MSBs). 2.
A weighted current-to-voltage signal stacking (WCVSS)
converter to translate the dataline current (IDL) of partial
MAC operations into voltage-mode signals with respective
place values. 3. A hybrid-precision voltage-mode readout
scheme with voltage-mode sense amplifier (VSA) to reduce
energy consumption and shorten the tAC for multibit MAC
readout operations, while maintaining the sensing margin

for MSBs.

The proposed 22nm 4Mb ReRAM macro, fabricated using
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foundry SLC 1T1R ReRAM technology, is the first nvCIM
macro supporting 8b-input and 8b-weight MAC operations.
Among silicon-verified nvCIMs, it achieved the fastest tAC
(4.9-14.8ns) and best EFMAC (195.7-11.91TOPS/W) with
precision from binary IN-W to 8bIN-8bW-14bOUT.

Figure 3 shows a die photo and summary table.

Proposed Multibit Computation scheme
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. 2 Proposed multibit computation scheme

Chip Summary
Technology 22nm CMOS Logic Process
ReRAM Foundry 1T1R SLC ReRAM
Testchip Size 2mm x 3mm (Inc.1O pad and testmodes)
Capacity 4Mb (8 Sub-bank)
Sub-bank 1024 rows x 512 columns

Performance @ VDD=0.8V
1bIN-2bW-4bOUT | 4.9
4bIN-4bW-10bOUT | 10.3
8bIN-8bW-14bOUT | 14.8
1bIN-2bW-4bOUT | 417.96
4bIN-4bW-10bOUT | 99.42
8bIN-8bW-14bOUT | 35.59
1bIN-2bW-4bOUT | 195.7
Energy Efficiency (TOPS/W) | 4bIN-4bW-10bOUT | 47.26
8bIN-8bW-14bOUT | 11.91
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A Fig. 3 Die photo and chip summary





