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	2. Title of Invention:
Electrically Breakable And Thermally Stable Anti-Fuse Based On Chalcogenide Memory Element For OTP ROM



	3.  What technology/product/process (code name) does your invention relate to (be specific if you can):

Phase Change Memory/P894/PCMS



	4.
Include several key words to describe the technology area of the invention in addition to # 3 above:

Microelectronic Integrated Circuits, Microelectronics Non-Volatile Memory, Chalcogenide Materials, electrically breakable low-resistance fuse, Ovonic Threshold Switch.


	5.
Stage of development (i.e. % complete, simulations done, test chips if any, etc.):
25%



	6a.  Has a description of your invention been (or planned to be) published outside of the ISO Collaboration:

If YES, please identify the publication and the date published:
NO


	6b.  Has your invention been used/sold or planned to be used/sold by Intel, ST Micro, Ovonyx, or others?

If YES, date it was sold or will be sold:

NO



	6d.  If the invention is embodied in a semiconductor device, what is the actual or anticipated date of tapeout?

2008



	6e.  If the invention is software, actual or anticipated date of any beta tests or other public distribution outside the ISO Collaboration:
NA


	7.  Is this invention related to any other invention disclosure that you have recently submitted?  If so, please give the title and

     inventors:

NA


PLEASE READ AND FOLLOW THE DIRECTIONS ON

HOW TO WRITE A DESCRIPTION OF YOUR INVENTION

Please provide a description of the invention and include the following information:

1. Explain the problem being addressed by the invention.
· Need for an OTP (One-Time-Programming) memory element in OUMS IC’s to store manufacturer-controlled information after wafer-level sort and/or after die packaging that will withstand the high temperatures that are involved with packaging and mounting (e.g. part number, CAM cell implementation, redundancy mapping, SET/RESET/READ window trimming information, etc).

· Enabling high-density stand-alone OTP memory products with strong signal and hence fast reading.

2. Identify the closest or most pertinent prior art that you are aware of.

· Traditional fuses by laser-cutting.

· OTP low-cost E2PROM

· Phase Change Memory material fused into ‘open’ state.

· Electrically alterable fuses based on polysilicon resistors:

· “Silicide agglomeration fuse device with notches to enhance programmability”, Bohr et al., US Patent 6,337,507 B1

· “Static, low-voltage fuse-based cell with high-voltage programming”, Denham et al., US Patent Application 2003/0218492 A1
3. Describe in detail what the components of the invention are and how the invention works.

ABSTRACT:

We propose a one-time programmable cell, programmed into a low-resistive fused state, using a chalcogenide multi-component material, sandwiched compactly between 2 metallic electrodes.  The two resistive states are:

· Amorphous bit (“0”) – high resistance

· Crystallized/damaged bit (“1”) – low resistance

The stored logical information can be retained upon thermal exposure up to 200C for 44h.

FULL DESCRIPTION
The proposed description is based on a non-volatile memory cell consisting of a simple lateral dot structure in which an initially amorphous chalcogenide OTS material is sandwiched between 2 well-chosen electrodes. This dot can either be placed above an OUM memory cell or can be stand-alone.

Upon applying a voltage to the bit/cell larger than its threshold voltage (which is determined mainly by its thickness and composition – indicating 2 main control variables for further optimization), a sufficiently current flows through the structure in order to short it permanently and irreversibly. This low resistive state is a consequence of (1) crystallization of the OTS and (2) a phase mixing of the OTS with the electrode material. The change in resistance is very high, enabling fast and low power reading and a high read operating window. Reading should be done below the OTS threshold level in order no to disturb the fuses.

In contrast to regular phase change memory cells, this change is irreversible in nature and no return path to the pristine amorphous state is possible. 
In contrast to regular OTS operation, this cell is forced into a at least partially crystallized state.

For fuse applications in OUMS technology, the OUM part of the cell will be in its low resistive state after packaging and mounting (“set” state) due to the high temperatures involved. The OTS cell will also be low resistive, resulting in a cell with a net low resistance (kOhm range). A non-fused cell have a set OUM state, but a high-resistive OTS state, enabling sub-threshold reading of a cell with a net high resistance (MOhm range).

Since this approach is easily stackable when using only OTS dots (i.e. no underlying OUM), multiple non-volatile OTP memory layers can be fabricated in one single die if the device architecture allows this (e.g. pure XY crossbar layout).

A key feature in this device is how the bits are actually fused, i.e. the specifics of the programming pulse. In order to crystallize and mix the OTS material adequately and not reset the OUM into a high resistive phase, an electrical pulse with an appropriate rising and falling edge need to be applied.

Good results were achieved, using OTS based on As, Ge and Te with an electrode containing Ti. With an 8V amplitude and a 5us rising, 5us falling time and a 0.5us holding time, bits could be successfully fused into a short. In order to break the proposed fuses, currents in the low mA range are required (lowest value observed was 0.5mA) and/or voltages around 4-8V are needed.

It is important to note the material used was not optimized for this purpose, so considerable improvements could be achieved after further optimization in terms of pulse widths or heights.
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Fig.1 Typical DC sweep of OTS anti-fuse with a 0.4um dot size, showing the initial, high resistive state (black squares) and the fused low-resistive state (grey circles). The bit was fused by allowing the bit to reside above its threshold point during the time it took to acquire the current data on a parametric analyzer (millisecond range – ~0.5mA DC current flow).


[image: image2]
Fig.2 Sub-threshold DC sweep of  a 0.4um dot OTS anti-fuse, showing initial, high resistive state (black squares) and fused low-resistive state (grey circles). The bit was fused by applying an 8V pulse with a 5us rising and falling time and a 500ns holding time. Consecutive measurement before and after fusing showed stable and repeatable IV curves. Constant voltage stress during 100s at 1V also showed a stable state after fusing, indicating read cycle endurance well in excess of 1 billion cycles (100ns read times are assumed). Shorter pulse times may apply after optimization of the OTS dot cell structure and process.
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Fig.3: Schematic view of OTS anti-fuse cell structure before (left) and after (right) fusing. As OUMS fuse, the stack underneath the OTS would include an OUM+heater. In stand-alone OTP mode, only the heater would be present.
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Fig.2 Typical sub-threshold DC sweep of OTS anti-fuse, showing the initial, high
resistive state (black squares) and the fused low-resistive state (grey circles). The bt was

B fused by applying an 8V pulse with a Sus rising and falling time and a 500ns holding
time. Repeated measurement before and after fusing showed stable and repeatable V.
cuves, Constant voltage stress during 100s at 1V also showed a stable state after fusing,
- indicating read cycle endurance well in excess of 1 billion cycles (100ns read times are
assumed)

D.

Altematively, one can apply a single crystallization pulse (corresponding to around
400°C) or a sequence of decreasing pulses starting from melting.
- Typically, crystallization procedure takes between lus and 10us.
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Fig.4: TEM pictures of 2 OTS cells in the low resistive state after fusing (left) and high resistive state before fusing (right) when read below threshold.

We expect that breaking currents and voltages will follow the same scaling law as resetting currents and voltages for PCM bits (see “Scaling Analysis of Phase-Change Memory Technology”, Pirovano et al., IEDM Tech. Dig., pp. 699-702, 2003).

In particular, the breaking voltage will remain constant with scaling technology nodes, while the breaking current will scale linearly with them.

This will allow making our fuses and their selectors more and more compact with scaling technology.

We verified the effect of baking at 200°C bake for 44h on array bits and did not observe any change in the bits exhibiting low-resistive state, indicating suitability for using it as OUMS fuse. At these temperatures, amorphous-unfused OTS bits is observed not to be prone to crystallization and to continue drift (i.e. resistance increase), indicating a good thermal usage window.

4. Describe advantage(s) of your invention over what is currently being done.

· No need of additional processing (laser-fuses).

· No need for thick (7nm) gate oxide to build an OTP E2PROM.

· Small, stackable OTP cell architecture. 

· Very fast programming times (potentially down to ~100ns if only “1” is programmed and we rely on high virgin cell resistance for “0”).

· Fast read due to very high sensing margin/resistive difference between high-R state and low-R state.
5. How would infringement be detected?


Reading Product literature, Reading Programming Reference Manuals, Reading Data Sheets – fuses available to customers are highly likely, Reverse Engineering
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