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(PROVIDE SAME INFORMATION AS ABOVE FOR EACH ADDITIONAL INVENTOR)
	2.  Title of Invention:

Voltage divider using transistors operating in sub-threshold region with the bulk forward biased.



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

P805 and follow-on flash processes.  In general, any semiconductor process capable of building triple-well NMOS transistors.



	4.
Include several key words to describe the technology area of the invention in addition to # 3 above:
voltage divider, negative divider, negative voltage DAC



	5.
Stage of development (i.e. % complete, simulations done, test chips if any, etc.):
Test chip design in progress.
 


	6a.  Has a description of your invention been (or planned to be) published outside of Intel:  No
If YES, was the manuscript submitted for pre-publication approval through the Author Incentive Program:

If YES, please identify the publication and the date published:



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

The invention is still under development.  Once proven it is likely to be used in 806 flash products. 
If YES, date it was sold or will be sold:

 


	6c.  Is a SIG (special interest group) active in this technology?   No.
If YES, name of SIG:




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

The test chip will be taped out in K9G drop-in on P806 towards the end of Q1’2004.


	6e.  If the invention is software, actual or anticipated date of any beta tests or other distribution outside Intel:
- N/A -


	7.  Was the invention conceived or constructed in collaboration with anyone other than an Intel blue badge employee

     or in performance of a project involving entities other than Intel (e.g. government, other companies, universities

     or consortia)?   NO:              If YES, name of individual or entity:
NO:  

 YES:  


Name of individual or entity:

No.


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

     inventors:

No



	9.  (Optional)  Which IP Committee do you think should review your invention disclosure based on the descriptions provided in the linked document? http://legal.intel.com/Patent/iptech.asp



PLEASE READ AND FOLLOW THE DIRECTIONS ON

HOW TO WRITE A DESCRIPTION OF YOUR INVENTION

Try to limit your description to 2-3 pages contained WITHIN THIS WORD DOCUMENT
Do NOT attach separate diagrams, presentations, white papers, or specifications

Do NOT embed other types of documents into this document 
ANSWER ALL OF THE QUESTIONS BELOW
Please provide a description of the invention and include the following information:

1. Describe in detail what the components of the invention are and how the invention works.
The invention is a voltage DAC divider for negative voltages capable of providing step voltages of the order of 200mV.  The divider uses triple-well (TW) NMOS transistors as the basic divider element. The cross-section and the symbol of the TW NMOS transistor are shown in Fig.1.  The TW NMOS device is a five terminal device, with drain (D), gate (G), source (S), p-well bulk (PW) and n-well tub (DNW) that facilitates triple-well structure.  The deep n-well/p-substrate junction needs to be reverse biased to isolate the TW NMOS device from other devices. The two-terminal element for voltage divider can be implemented by tying gate to either source or the drain.  The bulk should be connected to a equipotential node relative to its source.  This ensures the bulk-to-source voltage is the same for all elements used to build the DAC ladder, and its impact on the threshold voltage will be the same across all ladder elements.  This enables us to implement the divider with uniform step voltages across all taps of the divider.  The different two terminal element configurations are shown in Fig.2.  
In Fig. 2(a) the gate can be connected to the source, while the bulk is connected to a equipotial node relative to its source.  The bulk-to-source differential is represented by the voltage source V.  Two possibilities exist for the bulk connection.  The normal configuration is to connect the bulk to source, resulting in VBS = 0.  In this case the impact of back bias on transistor threshold voltage is zero.  The resistor DAC built using this configuration will have only the leakage current, of the order of few pA, flowing through the divider.  This type of divider will be useful in very low power applications.  However, its response time will be very slow, of the order of mS.  A faster version can be built by connecting the bulk terminal to the drain.  This corresponds to VBS = V, the DAC step size.  Assuming the DAC step size is quite small compared to the threshold voltage, of the order of 200mV, connecting the bulk to the drain forward biases the bulk relative to its source.  This results in higher leakage current through the DAC divider, leading to a slightly faster response time for the divider.
Still faster DAC response can be obtained by connecting the gate to the drain as shown in Fig. 2(b).  This results in DAC divider currents of the order of 100’s of nA to a few uA.  In this configuration also the bulk can be connected to either source or the drain.  As explained in the earlier, connecting the bulk to drain reduces the threshold voltage of the transistor, assuming the drain is at higher potential relative to source.  This configuration is shown in Fig. 2(c).  This is the fastest two terminal DAC element based on TW NMOS transistors.  In all the configurations the DNW terminal should be connected to the highest positive voltage applied to the DAC divider or ground, as the case may be, to ensure the DNW diode junctions are not forward biased.  
The schematic of DAC divider with elements in Fig. 2(c) is shown in Fig. 3.  The terminal TOP is at a higher potential than BOT.  The different tap voltages are represented by N1, N2, … NM.  For a negative voltage DAC, the TOP can be at ground or at a negative voltage, while BOT will at a negative potential lower than TOP.  If the TOP is at ground or at a negative voltage then DNW should be connected to ground.  On the other hand, if TOP at a positive potential, then DNW should be connected to TOP.  This ensures the two deep n-well junctions are never forward biased.  Further, all the elements of the divider can share a common deep n-well.  The advantage of this structure over p-well resistor DAC in triple well technology is its small size. 
The scheme shown in Fig.3 can also be extended to build complementary transistor based voltage DACs.  For example, in a 4-terminal PMOS based DAC built in a CMOS technology with p-substrate, the NWELL bulk can be connected to the drain instead of the source.  The operation of the PMOS transistor will be the same as the triple well NMOS transistor described above.
2. Describe advantage(s) of your invention over what is currently being done.
The present invention uses triple well NMOS transistors to build negative voltage DACs with step voltages smaller than transistor threshold voltage. The transistors operate in sub-threshold region.  It uses drain-side diode connected configuration with the bulk forward biased to to reduce the effective threshold voltage of the transistor.  The amount of forward bias on the bulk is equal to the DAC step voltage and this is constant across all segments of the divider.  Step voltages of the order of 200mV can be obtained easily with very good matching between segments.  
This scheme eliminates the need for complicated PWELL resistors in deep NWELL the build the DACs.  The biggest issue with the diffusion resistors is the need for resistor length grading to compensate for the bulk voltage coefficient which can be hard to quantify accurately.
3. You MUST include at least one figure illustrating the invention.  If the invention relates to 


software, include a flowchart or pseudo-code representation of the algorithm.
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Fig. 1 TW NMOS Cross-Section and Symbol
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Fig. 2 Two terminal configurations using TW NMOS devices
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Fig.3 Negative Voltage Divider using
TW NMOS transistors




4. Value of your invention to Intel (how will it be used by Intel or a competitor).
The negative DAC built using the present scheme allows us to make some architectural changes to simplify the negative voltage path of flash memory products and at the same time adds lot of flexibility.  The biggest advantages will be (1) increased flexibility in NDR (Negative Deselected Row) voltages and (2) large range of negative voltages for NWB (Negative Well Bias) program.
5.   Explain how your invention is novel.  If the technology itself is not new, explain what makes it

Different.
The novelty here is the use of forward biased bulk relative to source to reduce the effective threshold voltage of the triple well NMOS transistors to build the negative DAC.  No additional circuits are needed to generate the bulk forward bias.  It is intrinsic to the DAC divider.  At the same time there is no dependence of the DAC step voltages on the geometric position of the segments in the ladder, which in resistor terms no bulk voltage coefficient effects.  The other aspect is the transistors operate in sub-threshold region.
6. Identify the closest or most pertinent prior art that you are aware of.
 The closest pertinent art is the use of triple well transistors in normal saturation region to build negative DACs.  In these the bulk is connected to the source and they operate in strong inversion region.
7. Who is likely to want to use this invention or infringe the patent if one is obtained?
All flash memory competitors and any analog IC manufacturer.
8. How would infringement be detected?
We can detect infringement through reverse engineering.
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