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Adesto Technologies Corporate Overview

Adesto Provides Differentiated Memory Solutions in the Code and
Data Storage Markets Using Our Proprietary Technology Platforms

Low Power

High Performance

Cost Effective

Overview:
Private company founded i@007by semiconductor industry

veterans
Locations:

Headquarters in Silicon Valley, California / Offices in Asia, Euroy
Employees:

100(EngineeringZ0, Sales/Marketing20, Other=10)
Status

$50M+ profitable business, supporting ovaiO0tier 1 customers
Business Model

Discrete product manufacturing and technology licensing
Technologies

Serial Flash /DataFlasi® / CBRAM®

Solid Intellectual Property Position: Ov&00 patents granted or
filed
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Device Dimension (nm)

S Inoue, T Kono, S Itoh,
T Higashiki, LithoVision 2008
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Candidatedor Next GenerationNVM

A Ferroelectric RAM (FERAM)

A Magnetic RAM (MRAM)

A Phase Change Memory (PCM)

A Resistance Change RAM (RRAM)
(metal oxides)
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Resistanc&€hange Memory Taxonomy
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Example of Electrochemical Memory Implementations

Table I. Summary of reporied elecirochemical metallization cells
employing either Ag or Cu as an active electrode (AE) metal and
various electrolytes and counter electrode (CE) metals.

Elecirolyte Active electrode (AE) metals

Ag Cu
GeS, i1 Wi
GE:SEI WHBE:‘-N PtEi Ni'ﬁi:-z:" w1'5
Ge-Te Tiw= TaN™
Ge-Sb-Te Mo™
As-5 Ay
Zn,Cd,S 233
Cu,S P20 TR
Ta,05 Pt Ru®t
5i0, Co® WA P
WDE wﬂ “HH,-!E
Ti0, per.es
210, Au®
M3Q petst
Gdo, W=
a-Si Paly-5i=-= Cr=
Ge,Se,/5i0, Pi™
Ge,5e /Ta,0, w=
Cu,5/Cu 0 Pt=
Cu,S/5i0, p®

B Flectrolytz and CE materials are indicated in each row. For bilayer electrolytes,
AE would be placed to the left of the electrolyte (e.g., Cu/&/B/Pt for a cell with
a Cu AE metal and A'B bilayer electrolyte). Information compiled by John R.
Jameson, Adesto Technologies Corp. Reprinted with permission from Reference

9. 22011, 10P Publishing.

Table Il. Summary of key performance data reported to date in electrochemical metallization arrays.

Material Systems Cu/Cu,8/Ti Cu-Te/Gd0,/W Ag/Ge,5/W Ag/Ge S, or Ge Se,
Reference Kaariyama et al. = Aratani ef al.= Gopalan et al.™ Digtrich et al.**
Array Size Tested 1 kbit 4 kbit 384 kbit, 1 Mbit 2 Mbit
Technology Node 250 nm 180 nm 180 & 130 nm 90 nm
SET Condition 1.1 V/5-32 ps 3/ ns/110 pA 1.5 /250 ns/30 pA =0.6 V<50 ns/10 pA
RESET Condition 1.1 V/5-32 ps 1.7 V1 ns/125 pA 0.6 V12 ms/20 pA =0.2 V=50 ns/20 pA
Endurance 10°-10¢ 107 100 108
Retention (measured) 10° s @ 35 mV 100 hours @ 130°C 24 hours @ 110°C 10°s @ 70°C
Retention (projected) 3 months 10 years 10 years @ 70°C 10 years

All arrays utilized 1T1R (one transistor for device selection and one resistive switching element) architecture. Compiled with information from Chen® with the addition
of data recently reported for Ag/Ge,S /W cells.”

1000
Lt

e
o J/ Patents by Category:
w lomic/Electrolytic 204
= z 100 Metal Oxide 169
I& Molecular/Polymer 74
a > Phase Change 961
E — Other/Unknown 1256
[
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Figure 4 RRAM Patents per year [ 13]



What is it Made Of?

1 2
H He
1.0079 El ectro | yt e 4.0026
3 4 5 6 9 10
Li | Be _ F | Ne
6941 | 90122 Cathode CBRAM / CMOS Build uses 18998 | 20180
I\lll |\/1|2 ~75% of all the elements ! (137I Al\s
a S r
Na | Vg More than Moore in action. e
19 20 21 35 36
K | Ca Sc Br | Kr
39.098 | 40.078 44.956 79.904 83.80
37 38 39 53 54
Rb | Sr Y | | Xe
85.468 87.62 88.906 12690 | 131.29
55 56 71 85 86
Cs | Ba Lu At | Rn
13291 | 137.33 174.97 210 222
57 58 59 60 61 62 63 65 66 67 68 69 70
La|Ce | Pr |Nd|[Pm|]Sm|Eu Tb | Dy | Ho | Er [ Tm | Yb
138.91 140.12 140.91 144.24 145 150.36 151.96 158.93 162.50 164.93 167.26 168.93 173.04
89 9 91 92 93 94 95 97 08 99 100 101 102
Ac | Th [Pa| U | Np | Pu | Am Bk | Cf | Es | Fm | Md [ No
227 23204 | 231.04 | 23803 237 244 243 247 247 251 252 257 258 259
adesto 9
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of all the elements




OperatingPrincipleof a CBRAM ell
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CBRAM cells as guantum point contacts (QPCs)

8
Ag/GeS /W
7 .................................................................
o 6 VI A RibL TN
O G, = 2e?h
o = (13k_W)1
a 3 “Jamesonetal,
. EDL 33, 257 (2012)
3 """"""""""""""""" " APL 99 063506 (2011)
0 0.1 O 2 0.3 04
-4 [S]

Physical picture is atomic:
1 atom®1G,

2 atoms® 2G,

Not continuum:

T-x

Similar observations in other systems:

Gap: Terabe et al., Nature 433, 48 (2005)

Non-gap: See paper for 8 refs from 2012/13

Summary of QPC-related device behavior:

AConducti ve
( CBRAM)

bri dge r a
t e,clamesoh S&\MaryBuskirk
-in -
Advances in nonvolatile memory and storage
technology, ed. Y. Nishi, Woodhead Pub.
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CMOS Integration

w Adesto has successfully completed baseline integration flow in a standard
CMOS Logic fab

w! RSad2Q4a LINRPOS&a AYUISANI GA2Y Syl of
iInto CMOS BEOL without affecting the line

w Over8000 wafergprocessed so far without any issue on background CMOS
process

r
. ' RRaM 1 ! Rram | RRAM b Sl
AR e PR

N | /

Standard CMOS Up CBRAM Module Standard CMOS from
to Metal X Metal X+1
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1Mb Array Architecture and Diagram
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Importance of the Fermi wavelength in QPCs

To open first conductance Ron :
Metal Semi
channel (R~1/G,), need d~I Metal

1 MW
100 kW
1/G,=13 kW
13/2 kW
To reach a given
Metals: 13/3.kW Rons @ Semi
|- ~1AC 1atom~1G,(13kW) o QPC must be
. _ ° wider than a
Semiconductors: | OPC
|.>>1AC 1atom<<1G, 13/N kW metal Q
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CBRANM CellStructure and Architecture

A128kbi 1Mb
EEPROM-compatible
products

Amorphous

' > AlI2C interface
alloy containing
a semiconductor = ALT1IR

A130nm Cu BEOL

Metal cathode
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CBRANMN Forming

A—r——T—T1T T 717|018V

3F 2.2V

Al V 2.6V
© > A28V
s 1 3.1V
2 of > 3.5V
O]
£ -1f -
<

2k -

-3k T -

_4 | | | | | | |

10"10° 10" 10°10° 10% 10°
Write pulse width [us]

Aln general, first write is slower than subsequent writes
ABut, high yield still achievable with forming pulse of 10ns/3V
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CBRAM Write Speed

(BLdscharge

-LO-W--R ON_stéte_

----- 1 +

"1.J‘"""'1"""'"—'--'-:--_J{%‘h’ﬂ,ﬁ_ﬁ#ﬂ"ﬁﬂfh\hnlﬂ.-.w.ﬂnkﬂi BL ,....:.-..,-.ﬂ
¥ - - -+-

2V

3

AWrite speed depends fiexponenti al |
AAt a write voltage of 3V, sub-10ns writes are possible
ATypical program uses ~2V/100ns-1us
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CBRAM EraseSpeed

BL pre

'~ High-R OFF state

AAbove a voltage of ~2V, sub-10ns erases are also possible
ATypical erase uses ~1.5V/100ns-1us
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CBRANM Immunity toRead Disturbs

Ron<33KWA R>133kW Roee>400kWA R<133kW
25 » 25 —T7 T 1
O 1.3V
T 20l O 5nl 1.1V
g0 g2 v 0oV
2 = AQ7V
@2 15 % 15
© e 100ns
3 10| S 40l -
Z m
O O
G SF 5 O -
X X
O O -
| | | | | | | | | | |
10° 10° 10* 10° 10° 10° 10' 10° 10° 10* 10°
Number of reads (erase polarity) Number of reads (write polarity)

AThe exponential dependence of speed on voltage allows read disturbs
to be avoided
ATypical read uses ~0.2Vv/100ns
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The Need for Higll Retention in Emerging Memories

A Operational requirement for some applications (e.g., automotive)

A Other applications (e.g., code storage) utilize wafer-level or package-level
programming, followed by solder reflow for board mount

A Low-density demonstrations to prove out new technology

T, . Lo 1) T, =260°C, t,=30s

ﬂ Max. Ramp Up Rate = 3°Cis -.L_[F_" b
Max. Ramp Down Rate = £°Cis
oL : /l: . \
= Tamax Preheat Area \ .
= i Worst case:
s . \ Surface mount of a thin
> T Reflow package using Pb-free
= t T profile solder
i .
IPC/JEDEC J-STD-020D.1, Fig. 5-1
25

F Time 25°C {0 Peak

Time —
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CBRANMN Example of.ongterm High-T Retention

NERELRALLL BLELLLLLL LA B 1""' ACells are stable at 10x greater R than
I 1] that of a 1-atom point contact of a
= 2' b—t— A ———ANOh typical metal (i.e., ~1/G,)
— 1  AHigh-T retention of a given R state
3 [ O—o0- —O— ﬁo_oo_é : IS insensitive to the operation used
E I I to obtain that state
K7 I O—O0——0-
I | e 1= _ _
— I 2
Q A From erase operation I : :
O o F . el | A Ongoing product-level retention tests
rom write operation |1 _
. at 110°C have shown no fails after
100_“_“““' c. L O “T”—°<r¢ o7t more than 8 months

10"  10° 10° 10° i1o
Time at 200 C [min]

~900 hours
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CBRAM Retention through Simulated Solder Reflow

Anneal profile simulating high-T portion Retention yields following
of multiple Pb-free solder reflows simulated reflow
280 . . . . 100 I I
S
10| e e — 80}
T~ ©
o ° BX spec ©
— >
© 240 @ 260°C | _ > 60F | Each dot
) O :
3 @ isa —>%, @
Sooop_ S | - o 4of | different | 998b o o
5 > 3x spec @ 217°C 3 algorithm > 6 g8
= n
200 - L 20 99 6b e e
\ O 06 99 100
1804 : ! ! ! 0 l I I |
200 300 400 500 600 700 0O 20 40 60 80 100
Time [s] ON-state reflow yield [%]

AExcellent retention is achievable at reflow-like times and temperatures
AAlgorithm design is important, even with suitable materials system
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