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Session 33. Non-Volatile Memory and Compute-In-Memory

16nm 32Mb embedded STT-MRAM
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Technology N16 MRAM
Cell size (um?) 0.033
VDD (V) 0.8
VDIO (V) 1.8
Operation Temperature (Tj, 'C) -40C ~150C
32Mb Macro size (mm?) 2.5
Redundancy Yes
ECC DECTED

Read current (uUA/MHz/effective-bit)
@25610, 25 C (excluding ECC)

32Mb Read speed (ns) at 0.7V

0.8

6ns excluding
ECC

Write current (mA) 22
Burst mode Write throughput (Mb/s) > 69
Stand-by current (UA) 107
Low power standby-current (uA) 67
Endurance (cycle) 1™
Retention (yr/'C) 20/150
Reflow Yes

[3& 3] 16nm 32Mb embedded STT-MRAM chip2| key feature2} die photo
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macroZt 270 ACt Active EH2 FX|Th HEHO|AM BEOLS| +=FE &dl, YEHZ AEdt=
two finger 7|8t 2T-2MTJ cell2 4T-2MTJ (pseudo 2T-2MTJ) cell2 BHHSI0, MT| SEA|O= full
transistor?t 74X CIM 27| SEH(XNOR)A|O|= half-transistor?t AX =& A E QUCE O 20
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Standard 1T-1M bit-cell Altering the Refined pseudo 2T-2M
SL[0]  BL[0] interconnection of  WL<0> |_ M0 &
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TEM of bit-cell

XNOR in bit-cell
Weight: +1 Weight: -1
(MTJ1, MTJO)=(APP) | (MTJ1, MTJO)=(PAP)
Input:+1 Output: +1 Output: -1
(WL<1>, WL<0>)=(1, 0) (RsigoRsin) (Rsgor<Rsue1y)
Input:-1 Output: -1 Output: +1
(WL<1>, WL<0>)=(0, 1) (Rso<Rsipry) (RLopRswiny)
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