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Operational similarity to CMOS

4 nye 3 floating  gate memory (e.g.

Low voltages (<100mV) can switch a
redox transistor state. Floating gate

_ _ SONOS, FLLASH) but with an accrues minimal voltage (<50mV) due
|:11_2Vi,lwi,1 L=2V;,W;, L=XV,,W,, :| I I I order  of ma>gnitude — to high accumulation c%pacitance.
! 2 > programming voltage.
olé ¥ Laflged arﬁ'ays h> EOOQ X1 gO(i) (C)%flpls)g 10 1A
. : RRAM time-voltage dilemma is 0 50 a0 ot = e 2 e L oping PE : 1 A
Resistive random access memory (RRAM) that 1s proposed  circumvented with a third terminal 13 e — channels to 100 ML 100 nA
£ - used for programming and : 10 nA
or neuromotrphic computers suffers from large voltages  cmory read out from source and , Lo requimments £ wlied e 1nA
: : . depression to 10° higher charge density per analog 100 pA
. | drain terminals, This ‘allows low 2 = 0 level f§r ion—i%sertion electrodes 10 IOA
ﬂﬁd CllffCIltS that pl’ﬁveﬂt SCﬂhﬁg tO afge ﬂffays. Voltag'es and currents Wlth 10ng g’ (53 potentiation OO ﬂ S OO cornpared to an FET channel. IEA Q( .
retention times. O 50 us V=11V O 100 fA
1.1 : o :
RRAM tlmf? Voltage. dilemma: ceuromornhic arravs o NlOOXlOOg Linear Tuning: IFG has linear can be made with transition metal 1A
For two-terminal devices a2 large u % y - programmable el sihilke ok L L — oxides and ceramic electrolytes -1.0 -0.8 -0.6 -0.4-0.2 0.0 0.2 0.4 0.6 0.8 1.0
energy barrier between Conductance AI‘I‘&YS - lOOOX 1000 are; needed to SONOS and RRAM dO not. 0 25 read/wmg% oration 75 100 van de Burgt ct. al., Nature Méll‘é?‘id/.f, 16(4), 2017 Voltage (V)
states is needed for retention but average out cost of circuit overheads i Fuller et. al., Advanced Materials, 29(4), 2017
leads to 1 I q - for high energy etficiency.
cads to fafge voltages and currents. IFG crossbar circuit-level schematic Prototype IFG crossbar array (1X2) with Endurance of a redox transistor Neural network simulation of IFG
Energy barrier is shown with outer-product operation. selective writes to element (1,1) and (1,2). reaches 10° write operations without crossbar achieves 1deal accuracy in
for AG column 1 column 2 "/ B degradation. Diffusive memristors have backpropagation.
+select: -V/2 no-select: 0 been demonstrated with endurance as
O row 1, column 1 . . ) .
A row 1’ column 2 hlgh 1S 108 99 = small digits _ file types _ large digits

\ \ <M
e —_— . - i |
K/\ K/\ E A [ [
> g : o
row 1
+select: 5 i |
) ) — imental !
Schroeder et. al. Journal of Applied Physics (2010) \ \ +eeloct TR . 2 g Qe ' '
—_— K/\ K:_ _ & ', G © ® © 0&_ L1 1 L1 1 ﬁ L1 1
0O 10 20 30 400 10 20 30 400 10 20 30 40
- 0 100 200 300 1,000,000 1,000,100 1,000,200 1,000,300
Large voltages an currents lead to no-select - epoch epoch epoch
patasitic losses within an array that row 2
. hb . no-select: -select — GO DT I X000 |
1Nhipit programming. 0 5 ; . .
prog S : _ 0 25 50 100 Future work: faster switching speeds >1 MHz, endurance 101°, and CMOS integration must
" XN : : read-write operations
. . monstr .
Yang et al., Applied Physics Letters, 100, 113501 (2012) be demonstrated
N Sandia National Laboratories is a multimission laboratory managed and operated by National i
ENERGY Technology and Engineering Solutions of Sandia LLC, a wholly owned subsidiary of Honeywell Sandla

International Inc. for the U.S. Department of Energy’s National Nuclear Security Administration

National
R IV | der contract DE-NAOD03525. .
IVA 5 o Laboratories




