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Why ReRAMs?

m ReRAM characteristics:
= CMOS BEol compatible : T°, materials

= Compact cell structure : 4F?2

= | ow operating voltage : <2V

= Low cost : 3 or less mask process

m ReRAM application areas:
= Embedded non-volatile memories
= 3D high density memories

= Neuromorphic circuits
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Fabricated devices @ EPFL

Wafer-based processing
10um to 40nm ReRAMs

= Pt or TiN bottom electrode

= LTO or SiN passivation
HfOx / TaOx / WOx based
= TiN top electrode




Chip level integration: crossbar arrays

Advantages: low cost, fast prototyping ability

Challenges: process single CMOS chips

Standard CMOS technology (180nm and lower)
Predisposed for ReRAM crossbars BEoL integration @ EPFL
Read/Write circuit on the front-end
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ReRAM-CMOS integration - MMC

m MMC based: metal-to-metal capacitor
m No need for additional high resolution lithography steps
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ReRAM integrated devices
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Using Tungsten (W) Vias in the BEoL Metal Stack

ReRAM CMOS co-integration

W plug

« ReRAM Fabrication BEOL CMOS \ 2N ; TE
compatibility 0y ¥ . Insulator

BE
* High density with small size

W plug

Wafer scale challenges

* Low accessibility
* High fabrication cost

* Need for nm-scale photolithography

Chip-level ReRAM-CMOS co-integration




Single cell ReRAM

Fabrication

Top view of final device

1) Ti/Pt BE patterning Pt »20um

VIA(1,2,3,5and 10 ‘
¥

um)
2) LTO via patterning
LTO
o
l « BE: Pt, easy process
WOx « Re: WOXx, comparable to
3) WOx deposition integrated memory

« LTO : low dielectric constant
« TE : TiN, good electrical
characterization

4) TiN TE pattering



*  Chip-level ReRAM-CMOS co-integration
 1kb passive ReRAM array on fully finished CMOS chip

* High design flexibility
» Well established CMOS technology
» Low fabrication cost

« Easy prototype fabrication Test structure ~ Pads
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* After Al etch, STS, Perfect alignment
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ReRAM-CMOS co-integration

Chip | TiN si03 3)TE dep & 2 o
cross section patterning
AT/iN si02 4)Passivation Jj'F/TiN si02
. etch :
TiN . I:I TiN
2)RTP 7 sio 5) TiN dep & = si02
| patterning

1)lithography &
etching
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Co-integration (via based)-WOx

ReRAM-CMOS co-integration 1) lithography & r_ g ™y Smﬂ
etching . ==

4 RIE ( Chemistry: CF4, BCI3/CI2, SF6 )

SiO2/SisN4 passivation Al ( Metal 6)

» Chip alignment
« Precise etching depth (EPD)

 Etching temperature (CMOS BEOL " Device area
compatibility) - 1 © OO
i © © O

» Good selectivity

L
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Single cell ReRAM (WOx)

Electrical characterization

Parameter analyzer (Agilent B1500)

 Current compliance: 10 mA 101§
e Set: at1.2V & 10 mA 102:
. Reset: at-1.8V & 1 mA <
~ 10 3
c f
o I
« Bipolar switching mechanism 8 10“E ,
+ HRS : 90 kQ . L !
LRS : 30 Q
of i :
* Relatively low voltage operation 10 L 0.6\,%
1(57: GND |
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HfOx deposition
on W (Tungsten)
via

L
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Process flow

SEM micrograph
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Electrical characterization HfOx and WOx ReRAM integration

WOXx single cell
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ReRAM-CMOS integration — Metal 5/6 process

m Reproduce the process flow for the single ReRAM cells on

the chip BEoL

Process flow

VIA etching
_ p—
passivation etching ReRAM oxide deposition
bottom electrod deposition top electrode depostion
and etching and etching

B—— 1 I

field oxide deposition top electrode connection

m =N

Wafer based devices
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ReRAM integrated devices

Test pad

ReRAM
Device:
From 2um to
10pm
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Endurance

Pt/HfOx(5nm)/Ti(3nm)/TiN - LTO passivation

LRS
1m|v| ? 1 1 | 1 1 | HRS
- ..~..- oo .. .. ooeety®
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Vreset=-2.25V
Vset=+1.15V



Pulse speed influence

Pt/HfOx(5nm)/Ti(3nm)/TiN - SiN passivation / ion beam etching

Pulses: Set 1.4V, Reset -1.8V, 20% pulse rise time, gate voltage 1.9V (180uA)

1M: | 1 | 1 | 1 |

=

2
|

Resistance (OChm)
K

e 500ns pulse
e 80nspulse

.(Pﬂ-"‘ T | 2 %0
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Technology Experience

m ReRAM single cells:
= Fabrication from 10um to 40nm ReRAM cells
= 10%2HRS/LRS ratio, 0.6 V set and -0.55 V reset voltages
= Multiple resistance states demonstrated
= Verilog-A modeling for the fabricated devices
m Capability of processing single CMOS chips
= Chip embedding technology

m Demonstration of two methods for ReRAM-CMOS
integration for low-voltage applications:

= MMC-based method
= Metal 5/6 integration



Read/Write Circuit Requirements

Row

R/W
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Column R/W

Avoid sneak-path
problem

Improve noise margin
at read-out

Reduce power
dissipation

Compatible with
low-voltage CMOS



Read/Write Circuit: Block Diagram
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Row/Column decoders and drivers
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Iterative Write Strategy

m Preliminary cell value read verification
m Adjustable VPGM and VLH voltages
m Voltage value storage for fast write

VC<0>

VC<1>

VLH = VPGM-AV

VR<0>

>$\/<LH = VPGM-AV

VR<1>

N

VGND

VR<2n-2>

N

VLH = VPGM-AV

VR<2n-1>

VPGM VPGM

WA W

A

VPGM VPGM

HRS programming

VC<0>

VC<1>

AV A

successive check
and continue with
AV increments

Successful )
Write

VC<2m-1>

VR<0>

VR<1>

VR<2n-2>

N
Y
N

a
A
N

VR<2n-1>

N

AV VGND

N
NN

AV VGND

LRS programming

Cycle ]



Mz’l\zl Mié
i §R5 T vos

Mg

M17

M7

Bias generator +
Write driver

Column read amplifier
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256 x 16 bit (4 kb) transistor-less cross-bar possible

Read latency: 150 ns
Write latency: 450 ns
Capable of operating at 120° C and £20% parameter variation

Write buffer power dissipation < 100uW
26



1T1R Array for Robustness
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Implemented in
40nm CMOS
technology




Test Circuit Blocks
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512 x 32 bit (16 kb) 1T1R cross-bar

HRS = 800 kQ

LRS = 100 kQ

Read latency < 10 ns

Capable of operating at 120° C and £20% parameter variation
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Neuromorphic Applications
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Memristive Cross-Bar Array Implementing Weight
Connections Between Two Consecutive Layers
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Need the ability to change/modify
the resistance values with applied
voltage pulses !



Thank You !



