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Hello my name is DerChang Kau.  I am an Intel fellow, Director of 3D Crosspoint memory technologies 

Thanks for SRC’s arrangement for the workshop of next decade memory and invitation.  In next few minutes, I’m going to speak to you on selectors

why Selector is an essential device in a memory cell of cross point memory technology
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In this slide, let’s take a look on Crosspoint memory array.

illustrate in the left cartoon is an array of memory cells Sandwiched between wordlines and bitline oriented Orthogonally.  As you can see this, the memory cell consists only storage elements.   No selector device is connected to the storage elements.   

Now we can simplify the cartoon to a x-y matrix, as illustrated on the right.  BLs go vertically and WLs go horizontally.   Memory cells are at the cross points, hence called cross point memory array.

When read a bit, shown in green dot, the selected BL goes to +1/2V and selected WL goes to -1/2V in order to detect the selected bit resistance.  In the grand scheme, this is a fully networked x-y resistive array,  sneak paths thru all de-selected cell in yellow color will convolve with the intended Interrogation.  The functionality of cross point array will be deteriorated as the array size become larger.

The second issue is about the reliability of the array 

As you can see here 
all the blue-color bits are deselected in the selected WL
and all the red-color bits are deselected in the selected BL.
All those bit will suffer read/write disturb and retention since they are not insulated from array active bias.

Adding a selector in series to each storage element will isolate the memory cells, reduce the cross talk, improves access accuracy and strengthens reliability.
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So,  what is a selector — 

A functional selector should be in high resistance at inhibited bias in order to insulated the memory  

and becoming low resistance at selected bias to access the information.

So, THAT….matches the definition of a “diode.”   A selector is a diode.   More precisely, according to “IEEE standard dictionary of Electrical and Electronic terms”, diode is two-terminal device exhibiting a nonlinear IV.

In this slide I generalize diode I-V phenomenology in 2 polarities by 3 shapes.

First Polarity – Unidirectional vs. Bidrectional,  Or Asymmetry vs. symmetry or Unipolar vs. ambipolar.

You can also see L-Shape like Diode, S-Shape like DIAC or N-Shape like Esaki Diode

The suitable I-V characteristics for Crosspoint memory array is the L shape and S shape for bit isolation.
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Here I give two examples of bit access in a cross-point array with selector.

The cartoon at left is with a memory cell consist of an unidirectional L-shaped selector like a rectifier.  A rectifying selector turns on one bit with forward bias and isolates others with reverse bias.  

During standby, all bits are reverse biased with BLs at 0V and WLs at +Voltage.  When one bit is selected, the selected BL switch to +Voltage and selected WL switched to 0V.  All bits but the selected are reversed biased.

The cartoon at right is with a memory cell consist of a bidirectional S-shaped selector like DIAC.  Subject to Vdrop at each cross point, the selected bit is triggered, and the unselected bits are blocked.  

During standby, all bits are zero biased.   When one bit is selected, the selected BL switch to +Voltage and selected WL switched to negative Voltage.  WL/BL switching is the same as unidirectional rectifier example. Yet only small number of bits in the array are biased.  Which is an advantage to leakage power and energy.
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In the last of Decade, there are several selector research published in IEDM or VLSI and etc. Here I capture a few examples.   

Starting upper left, It is a poly silicon PN junction diode for phase change GST.  Thermal budget is the challenge.   

The picture to the right is basically a MIM tunneling barrier engineering serially connected with an oxygen vacancy RRAM.  

To the right is an interesting OTS device with Boron-Carbon doping to reduce inhibiting leakage.  There are many active OTS researches recently, which is very encouraging with Intel’s Optane memory commercialized.  

At bottom of it, it’s my work on first disclosure of OTS’s since long time.   It was first introduced in 70s by Stan Ovshinksy and triggered significant amount of researches in 80s.      

The picture at left is metal-insulator transition demonstrated with NbO2.

Last one is yet another very interesting phenomena started with ionic motion follow by thermionic response.  MIEC was first report in 50s.  

Slide 6

So I generalize the best known selectors in the following 6 categories.  

These including 
PN Junction or Schottky barrier as in thermionic conduction, or 
Ion and/or oxygen vacancy movement as forming and dissolution of conductive filament, or
M-I-M capacitor as tunneling barrier modulation, or
Cu ion concentration modulation in Solid electrolyte subject to bias, or
VO2 and NbO2 in Metal-Insulator transition or
Chalchogenide for Ovonic threshold switching mechanism

Other than classic thermionic switch, all are bidirectional.   

Switching speed is subject to switching physics.  Electronic switching is faster

With publish I-V, I also tabulate operating max current and inhibiting leakage and voltage for your reference.
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So, this brings my conclusion, how to architect a cross point memory technology for next decade.

First let’s aim at the success landing…. It has to be Nonvolatile, Low cost and high performance.

It has to be simple, scalable in 3D stackable construction 

The process is desired to be low thermal budget, BEOL compatible with mainstream IC manufacturing.   

I’d like to see the memory switching in atomistic state or bulk switching.   It possess superior scalability than electrostatic memory switching physics.  

The memory access should be bit by bit at low cycle time.   Small granularity is very useful.  Reduce RC of cross point array is also important.

So the challenge is to “mate” selector and memory in achieving a non-linear I-V for array access.

(read thru the table)

With the potential memory & selector options, it presents tremendous incentives for memory research community to explore and develop a new memory for computing.




