A 65nm 6T-SRAM Ping-Pong Weight Updating Computing-in-Memory Macro
with Adaptive Precision ADC for Al edge chips
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Abstract

On-device training face challenges with time and power for data transfer under the conventional architecture. Computing-in-Memory (CIM) architecture minimizes
data movement, enabling parallel multiply-and-accumulate (MAC) operations directly within the memory. Deploying neural network models on CIM processors
face challenges from insufficient weight storage to voltage dividing CIM accumulation affecting MAC values' linearity and margin. The ping-pong CIM scheme [1]

allows simultaneous CIM and write operations, while an adaptive bitline header paired with an adaptive precision ADC balances accuracy and performance.

Research Methodology

6T-SRAM Array ADC 1 g;ﬁic‘ 3 E 2 Jpruz
8-to-3 L = i
CCLSA : Priority ” — 2
__________ Array o 5} s2 s5 = 1
Encoder > s1 L s
OuUT1 Z 4 T r -
—_ < | —\— outi[30] - :
=) A_HWL H
__________ 8-t0-3 s 1 1 R=R= 09 - —— acc16 bitline-header :
16 CCLSA | . - 1 M1 = :
IN1[0:15] —\— : Priority oo M1 M2 |
array Encod ouT2 08 -8~ acc8 bitline-header
reecer SEL Linearit :
. L Yo :
Ping-Pong CIM Ping-Pong CIM o A 0.7 —
0 ) 15 _ :
ADC 2 PRE < | Large signal ;
. 45% Mo %}— % 0.6 margin :
8-to-3 EI:‘MB > ;
16 CCLSA SELB = '
) : Priorit g 05 - !
IN2[0:15] —\— Amay | Y - _ | 5 ’
__________ Encoder > - l i £ 04
= 4 ss_ b —d[_se o o !
T2 .
~ouTe < | —\— out2[30] F a E
8-t0-3 2 2 5 03 i
—————————— CCLSA : Priority st S
array | - 02
Encoder —
) 1 1
- L] 01 —
Fig. 1 Overall archi f pi CIM with adapti ision ADC " . o L
ig. 1 Overall architecture of ping-pong with adaptive precision : T e e e o e e e o e e . e .
Discharge path Discharge path
for OUTA for OUT2 MAC values

Fig. 1 represents the overall architecture of this design, while Fig. 2 shows the Fig. 3. Discharge path and MAC value comparison between acc8 and ace16 mode.

circuit and operation of the Ping-Pong CIM bank. Two homogeneous regions A The voltage dividing method is used for row accumulation. The pull-down

and B bitwise memory units (BMU) support simultaneous weight update and path with internal resistance R, is used for voltage dividing with bitline header

CIM operations for 1-bit weight x 2-bit input in the local computing cell (LCC). resistance R. The total resistance from ping-pong CIM cells is inversely
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Fig. 2. Ping-pong CIM circuit and operation phases. Fig. 4. Adaptive precision ADC structure.

Operations are split into three phases: In phase 1, weight data are written into A- The adaptive ADC compares accumulation voltage output with reference
BMU while B-BMU stays in retention. In phase 2, A-BMU executes CIM  Voltages using current-controlled latch sense amplifiers [3]. Priority encoders
operations with weight, B-BMU writes the next section of weight data. In phase  are used for 3-bit digital output, shown 1n Fig. 4. MUX array selects between
3, if the CIM operation is still running in A-BMU, B-BMU goes into retention the output of two priority encoders according to the OUT3 signal from an
and waits for the next cycle of operation. Phase 2 and phase 3 alternate between additional sense amplifier. Transmission gates switch the sense amplifiers’

A-BMU and B-BMU for CIM operations to complete MAC computation. reference voltages between acc8 and accl6 modes for 3-bit or 4-bit sensing.
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Fig. 5. Power and operation cycle comparison.
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