
CDW memory
AN 2-TERMINAL ULTRAFAST ELECTRONIC NON-VOLATILE MEMORY CONCEPT 
FOR LOW-TEMPERATURE, ULTRA HIGH SPEED, LOW-ENERGY APPLICATIONS.

SOLVING A 30 YEAR OLD PROBLEM

Based on new physical phenomena in no equilibrium quantum electronic materials CDW MEMORY aims to solve a problem 
which has impeded progress of cryogenic computing for decades, opening the way to advances in high-performance super-
conducting computing (HPSC). The memory device relies on an entirely new patented mechanism using switching between 
different electronically ordered quantum states.

*  Optical: with 35 fs laser pulses
   < 40 ps electrical (currently limited by external electronics)
   Lifetime: from unmeasurably long to microseconds, depending on temperature

EMERGING TECHNOLOGY 
TRL: 3 (proving feasibility) to 6 (technology demonstration)

Operation temperature: T<195 K, non-volatile below 15 K

Ultrafast switching*

Ultralow switching energy: published value on large device is 

EB=250 femtoJ/BIT. Theoretical limit is below ~attoJ/bit.

Sharp switching threshold. Synaptic-like sub-threshold behaviour.

Switching ratio: ~1000 at 4 K.

PoC, GA767176AdG, GA320602
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THE CHALLANGE

There is a long-standing memory problem in superconducting 

computing, particularly superconducting flux quantum (SFQ) and 

Josephson Junction- based processors. A review by Mark Manhe-

imer from MIT Lincoln lab outlines the cryo-computing challenges 

in 2013:

» The goal seems worthy and the technologies required to build 

such computers appear to be available or within reach with the 

notable exception of memory. If suitable memories become avail-

able, significant work remains in the areas of circuit density, com-

puter architecture, fabrication, packaging, testing, and system 

integration. «

foto source: http://www.bluefors.com/

Our CDW memory, first published in 2016 eminently fulfills 
the speed and energy requirements for HPSC, and exceeds 
all existing technologies in key parameters.
The key advantages are: 
• CRYOGENIC TEMPERATURE OPERATION EMI-

NENTLY SUITABLE FOR CRYOGENIC COMPUTING 
• UNPRECEDENTED SPEED - UP TO 1000 TIMES 

FASTER THAN CURRENT DEVICES (FIG. 1), AND 
• POTENTIALLY ORDERS OF MAGNITUDE LOWER 

ENERGY CONSUMPTION THAN ANY CURRENT 
TECHNOLOGY ON THE HORIZON (FIG. 2).

• THE DEVICE CAN BE SWITCHED OPTICALLY OR 
ELECTRICALLY.

ELECTRICAL SWITCHING
Electrical switching has been demonstrated with 30 ps risetime 

electrical pulses (see Figure below), which is approximately 10 
times faster than the previous record for phase change memory.

OPTICAL SWITCHING
Non-volatile optical switching is achieved by a single pulse < 35 

fs at 800 nm and 400 nm, with fluences of approx. 1 mJ/cm2

SCALING WITH DEVICE SIZE
Scaling of threshold voltage varies linearly with feature size (dis-

tance between electrodes). Currently at 180 nm (Vs=0.6 V).

COMPARISON WITH PCM & STT-RAM
EB (here <0.25 pJ/bit) is significantly smaller than in PCM (current 

record 2.8 pJ/bit). Comparable to recent STT-MRAM

SWITCHING SPEED
 < 0.5 PS 

SWITCHING ENERGY
 < 250 FJ.  

THE SOLUTION : CDW MEMORY

Current fab.
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The device operates as a low-temperature two-terminal resistive random access memory element (RRAM). The two states cor-
respond to topologically different charge density wave states in the layered chalcogenide 1T-TaS2, and only electronic order is 
reconfigured (no ion motion or structural change is necessary). The device can be switched optically or electrically.

HIGH RESISTANCE STATE LOW RESISTANCE STATE

CDW MEMORY DEVICE

DEVICE APPLICATIONS

Taking our proposed concept to fruition would lead to adop-
tion of a ground-breaking new type of memory with 1000 –
fold increase in speed and similar factor lowering of energy 
consumption of IT, currently approaching 10% of world en-
ergy consumption. The increase in memory speed in com-
bination with RSFQ technology would open the way to new 
applications in medicine, pharmacology, Big Data process-
ing and above all IoT data processing.
CDW memory opens the way to on-chip memory in Joseph-
son quantum computing applications (HYPRES, D-wave, 
SeeQCEu, etc.), replacing energetically unfavourable and 
slow room-temperature CMOS.
Cryo-computing requires low-temperature 2 ps switching 
time, atto-Joule memory. Switching time and low tempera-
ture operation are already achieved with CDW memory.

PARALLEL CONFIGURATION POINT CONTACT CONFIGURATION CROSS-BAR CONFIGURATION

STAGE OF DEVELOPMENT

Our technological strategy is:

• to confirm the theoretical scaling of energy per bit with 
feature size and identify the technological challenges 
for achieving the lowest theoretical energy per bit limit,

• to investigate technical and materials processing com-
patibility with SFQ technology using prototype devices, 
and

• to test operating speed of such a prototype. Ultimately, 
we aim,

• to demonstrate operation of a CDW device driven by a 
RSFQ circuit.

INTELLECTUAL PROPERTY
Two patents on device principles (optical and electrical switching respec-
tively) are currently pending approval at UK and EU patent offices. Two US 
patents have been granted and two in Slovenia. Further patents are to be 
prepared  (D8) to protect particular device details, developing a strategi-
cal Patent portfolio, in order to secure a comprehensive IPR position.

PULSE

DEVICE IMPLEMENTATION
Different device geometries are demonstrated below



ALREADY OUR PARTNERS:

Jožef Stefan Institute
Center for Technology Transfer and Innovation

Jamova cesta 39 |1000 Ljubljana|Slovenia
e: tehnologije@ijs.si | t: +386 1 477 322 

Foto: Marjan Smerke, IJS

TYPE OF PARTNERSHIP OFFERED

We are looking for business partners, incubators and accelera-
tors with experience in advanced cryo-computing technology, 
cryochip nanofabrication and/or quantum computing to devel-
op a strategy for exploitation of the CDW memory concept. We 
aim to jointly create a suitable business model and strategy for 
commercialization and develop the necessary technologies for 
reaching the market. Together with the partner we aim to define 
and verify key steps and processes on the way to new disruptive 
memory technology, build a solid IP position and secure funding 
for the various activities leading to commercialization within the 
relevant industrial sector.

We are looking for business agents experi-

enced in cryocomputing, emergent memory 

technology and quantum computing to devel-

op a business model and strategy for exploita-

tion of the CDW memory concept. 


