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(Xt&) Gartner, “Semiconductor Revenue Forecast by Device Type Through 2025,” 2021.
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Percentage Growth

Revenue (Billions of Dollars) m2Q21 mm3Q21 —YoY Growth
700 6.2% 39
18%
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-11.3%
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-7%
200 -12%
2019 2020 2021 2022 2023 2024 2025
3Q21 Update ($B) 466.2 591.4 644.3 620.2 643.6 683.6
2Q21 Update ($B) 466.2 570.8 627.1 605.3 625.6 667.1
Increase ($B) - 20.6 171 14.8 18.0 16.5

(Xt=2) Gartner, “Semiconductor Revenue Forecast by Device Type Through 2025,” 2021.
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[E 1] SRAM 7|8te] PIM

=2 bl 2 HIE 4 s s g
6T ML Classifier JSSCC17 130nm Standard 6T MUL Compact Bitcell
Split-6T PIM BNN SOVC19 28nm Split WL 6T XNOR Compact Bitcell
Charge-based PIM JSSCC19 65nm 8T+1C XNOR Less Variation
CONV-SRAM JSSCC19 65nm 10T MUL Wide Dynamic Range
C3SRAM PIM JSSCC20 65nm 8T+1C XNOR Less Variation
XNOR-SRAM JSSCC20 65nm 12T XNOR Wide Dynamic Range
8T SRAM-PIM CICC20 65nm 8T MUL Diff. Read Bitline
T8T SRAM PIM JSSC20 55nm T8T MUL Large Signal Margin
7nm SRAM PIM JSSC21 7nm Foundry 8T AND Foundry Cel
6T SRAM 8b PIM ISSCC21 28nm 6T+SILMC MUL High Precision

(Kt2) KIM et al,, “OVERVIEW OF PROCESSING-IN-MEMORY CIRCUITS FOR ARTIFICIAL INTELLIGENCE AND
MACHINE LEARNING,” IEEE Journal on emerging and selected topics in circuits and systems, Vol.12, No.2,
June 2022, p.339.
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(Xt&) Jian-Wei Su, et. al., “A 28nm 384kb 6T-SRAM Computation—-in-Memory Macro with 8b Precision for Al
Edge Chips,” ISSCC 2021. p.251.
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CHIP SUMMARY
Technology 28nm CMOS
Macro size 384Kb
11.058um x 0.71um
Areaof 1 : .
oo sy | Eneentcebszest 28
SRAM CIM compact 6T cell)
384kb Input precision (bit) 4 8
Weight precision (bit) 4 8
(Include test-mode) Number of channels 16 16
Qutput precision (bit) 12 20
Output ratio 1 1
Supply voltage (V) 07-09
) 72
Access time (ns) 4 (W ppeke)
Energy efficiency (TOPSW) | 60280431 | 15022275
1Qutput ratio = Real output resolution/Ideal output resolution

Segment-bitline charge-sharing(SBCS) operation and Die photo and summary table
sourceinjection local-multiplication cell(SILMC)

(Xt=) Jian-Wei Su, et. al, “A 28nm 384kb 6T-SRAM Computation—-in-Memory Macro with 8b Precision for Al Edge
Chips,” ISSCC 2021. pp.251-252.
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(Xt=2) Ping—Chun Wu, et. al, “A 28nm 1Mb Time-Domain Computing-in-Memory 6T-SRAM Macro with a 6.6ns
Latency, 1241GOPS and 37.01TOPS/W for 8b-MAC Operations for Edge-Al Devices,” ISSCC2022. p.191.
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CHIP SUMMARY
Technology 28nm CMOS
Macro size 1Mb

8.55um x 1.42um
(Equivalent cell-size=1.6x of

Area of 1 sub-array
(32 cells + 4 EDCs)

compact 6T cell)
Input precision (bit) 4 8
Weight precision (bit) 4 8
SRAM CIM Number of input channels 64 64
1Mb Number of output channels 256 64
(includa I d Output precision (bit) 14 22
include test-mode) T 08509
Access time (ns) 6.5 (0.9V) 6.6 (0.9V)
Throughput (GOPS) 4256-4964.8 | 1050-1241.2
Energy efficiency (TOPS/W)
(Average performance) 84.45-112.6 21.19-27.75
'Performance in 90% input sparsity | Eneray efficiency (TOPSW) | 4,08 148 4 | 27.21.37.01
2Using ResNet-20 model and the (Peak performance)
3tlofltw.: b::ell;g ;:: 12.2‘: . 2Inference Accuracy (CIFAR-10) 91.72% 92.08%
t- t
software baseline was 66.03% | ‘Inference Accuracy (CIFAR-100) | 67.33% 67.81%

(Xt&) Ping—Chun Wu, et. al, “A 28nm 1Mb Time-Domain Computing-in-Memory 6T-SRAM Macro with a 6.6ns
Latency, 1241GOPS and 37.01TOPS/W for 8b-MAC Operations for Edge-Al Devices,” ISSCC2022. p.192.
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* Different levels of DRAm PIN architectures (a) Bank-level PIM organization, (b) Newton compute logic, (c)
HBM-PIM compute unit
(Rt=) KIM et al., “OVERVIEW OF PROCESSING-IN-MEMORY CIRCUITS FOR ARTIFICIAL INTELLIGENCE AND
MACHINE LEARNING”, IEEE Journal on emerging and selected topics in circuits and systems, Vol.12, No.2,
June 2022, p.339.
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* ReRAM-based PIM architectures for MAC based on: (a) Currentmode sensing, (b) Voltage-mode sensing
** Multiplication of 2-bit inputs and 2-bit wegihts in digital ReRAM based PIM: (a) One cycle and multiple macros,

(b) Muitiple cycles and macro
(Xt=) KIM et al., “OVERVIEW OF PROCESSING-IN-MEMORY CIRCUITS FOR ARTIFICIAL INTELLIGENCE AND
MACHINE LEARNING”, IEEE Journal on emerging and selected topics in circuits and systems, Vol.12, No.2,

June 2022, p.339.
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