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Appendix A Write operation table

As shown in table Al and figure Al, to program a memory cell (MC), the N-well and source line (SL) are biased at 4.5 V,
while the word line (WL) voltage is selectively set to from 0.5 V to 0 V, allowing precise programming. For half-selected
MCs, appropriate biasing ensures inhibition against unintended programming; unselected SLs and WLs are maintained at
2.25 V for programming inhibition. Row-wise erase is accomplished by applying 4 V to the WL while grounding all other
terminals.

Table A1 Program(PRG) and Erase(ERS) Operation Table

BL SL WL Nwell
PRG(V) Floating 4.5 0.5-0 4.5
PRG Row Inhibition (V) Floating 2.25 0.50 4.5
PRG Column Inhibition (V) Floating 4.5 2.25 4.5
Row-wise ERS (V) 0 0 4 0
Program WL[0](0.5V~0V) WL[1](2.25V) Erase WL[0](4V)
PRG Row Inhibition
SLIOJ2.25V) 1 o _ _ ~ L SLI0](OV
Ly = [0}(0V)
BL[0](Floating) 1 - : - BL{0J(OV)
sL@sy)  Tm -] SLII(OV
r— [1100v) I:I
BL[1](Floatin :#’L" l" ”i
[1}{Floating) _g— —— BL[1](0V)

PRG Column Inhibition

Figure Al

* Corresponding author (email: douchunmeng@ime.ac.cn)

(Color online) Schematic of Program scheme and Erase scheme
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Appendix B MAC operation table

Table B1 presents the MAC operation table. In this table, positive weights are encoded on even-numbered bit-lines (BLs),
while negative weights are encoded on odd-numbered BLs. For a weight of 0, both cells on the even and odd BLs are set
to HVT. When the input voltage Vi is applied, both Ipp[2N] and Ig[2N + 1] remain at 0. For a weight of -1, the cell
on the even BL is set to HVT, and the cell on the odd BL to LVT, causing Ipp[2N + 1] to output Ipyr. Conversely, for
a weight of +1, the cell on the even BL is set to LVT, and the cell on the odd BL to HVT, resulting in Ip1[2N] equaling

Iour

Table B1 MAC Operation Table

Vin Weight Mem. Cell[2N]/[2N+1] Ipr[2N]/[2N+1]
0 X X 0

Vin 0 HVT/HVT 0

Vin -1 HVT/LVT 0/Iour

Vin +1 LVT/HVT Iour /0
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Appendix C Macro Measurement and chip summary

Figure C1(a) shows the energy efficiency (EF) of the system at various frequencies. At 32 MHz and 50% sparsity, the peak
EF of 171.34 TOPS/W is achieved. Figure C1(b) provides a detailed breakdown of the chip’s area and power consumption.
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(Color online) (a) Measured system-level EF at different frequency; (b) area breakdown and power breakdown.

Table C1 summarizes the chip’s specifications. It is fabricated using 180 nm CMOS process with one poly-silicon layer
and six metal layers(1P6M) and incorporates HZO FeFETs as the storage medium. The chip operates within a frequency
range of 4 to 48 MHz and a voltage range of 1.3 to 2.2 V. It has a capacity of 8 kb, with a peak throughput of 393.2 GOPS

and a peak EF of 171.34 TOPS/W.

Table C1 Chip Summary

Technology 180nm CMOS 1P6M
Memory HZO FeFET
BEOL Ferroelectric Cap Size 0.5um X 0.5pum
Frequency 4-48MHz
Supply Voltage 1.3-2.2V
Chip Area(mm?) 0.74
IN/W Precision Analog/Ternary
Capacity 8kb
Input/Output Parallel 256/16

Accuracy

92% @MNIST Y

Measured Peak Throughput(GOPS)

393.2(Analog/Ternary) 2

Measured Peak Energy Efficiency(TOPS/W)

171.34(Analog/Ternary) 3 %)

Measured Peak Area Efficiency(GOPS/mm?)

531.35(Analog/Ternary)?

Y Neural network consists of 2 fully-connected layer (768x256 and 256x10) 2)Measure at 25°C, 2.2V and 48MHz *)Measure at

25°C, 1.7V and 32MHz ¥ With 50% Sparsity
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Appendix D Comparison Table

Table D1 presents a comparison between this work and other ferroelectric-based studies. This work employs HZO BEOL
FeFETSs, which exhibit superior endurance compared to other work. Furthermore, this work achieves the competent energy
efficiency among the configurations measured.

Table D1 Comparison Table

IEDM20 [1] VLSI22 [2] VLSI23 [3] IEDM23 [4] This work
Technology Node(nm) 28 180 N.A. 28 180
FEOL BEOL BEOL FEOL BEOL
FeFET Technology HfO, HZO HZO HZO HZO
FeFET FeFET FeFET FeFET FeFET
Capacity(kb) 4 8 N.A. 0.125 8
Endurance(cycles) 10° 108 N.A. N.A. 107
Enc(frg(y)fsf?%ncy 13714 NA 43 D9 8.08 171.34
2) Al 2) 1)
@IN/W Precision (1b/1b) (3b/2b) (Analog /Ternary)
. . 4)
w/ Peripheral Design No No No No Yes

and Die-photo

DEF is measured 2 EF is simulated 3)IN/VV Precision is not provided 4)Including ctrl, driver, and readout circuit
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