-1- Providing A Ready-Busy Signal From A Non-Volatile Menory Device To A
Menory Controller Background [0001] This relates generally to non-vol atile
menory devices. A non-volatile nmenory is a device that stores infornmation
even when power is unavailable. [0002] Exanples of non-volatile nenories

I ncl ude phase change nenory devices and flash nenory devices. Generally,
non-vol atil e nenory devices comunicate -wth a processor-based system

t hrough a nenory controller. [0003] Non-volatile nmenories nmay be used as
repl acenents for dynam c random access nenories. For exanple, the
synchronous dynani ¢ random access menory (SDRAM may be repl aced by
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devices and flash memory devices. Generally, non-volatile memory devices

communicate with a processor-based system through a memory controller.

[0003]  Non-volatile memories may be used as replacements for dynamic random
access memories. For example, the synchronous dynamic random access memory
(SDRAM) may be replaced by non-volatile memories in the future. The JEDEC Solid
State Technology Association (Arlington, VA 22201) is working on a standard called
low power double data rate ("LPDDRZ2") for a memory with low power and high
speed for both DRAM and non-volatile memory. LPDDR?2 reduces pin count to
reduce package size for both the memory and the host processor and thereby to
reduce system cost. However, reducing pin count also limits signaling between the

memory and the memory controller.

Brief Description of the Drawings

[0004] Figure 1 is a schematic depiction of one embodiment of the present

invention;
[0005] Figure 2 is a timing diagram for the embodiment shown in Figure 1; and

[0006] Figure 3 is a flow chart for one embodiment.

Detailed Description

[0007] Dynamic random access memory (DRAM) devices may be replaced by
non-volatile memory technology such as phase change memories. The dynamic
random access memory has a deterministic writing time. Each write cycle is defined

by a number of clock cycles needed to write, which makes the dynamic random



Det ai | ed Description [0007] Dynam c random access nmenory (DRAM devices may
be replaced by non-volatile nmenory technol ogy such as phase change
menories. The dynam ¢ random access nmenory has a deterministic witing
time. Each wite cycle is defined by a nunber of clock cycles needed to
wite, which nakes the dynam c random -2- access nenory a passive device

t hat does not need to communicate with & nmenory controller during wite or
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writing later.

[0009] However, the LPDDR2 JEDEC standard reduces the number of pins to
reduce the package size for both the memory and the host processor as a way to
reduce system cost. One pin that may be eliminated is the R/B output pin. Thus,
under this proposal, the undetermined writing time for non-volatile memories that

substitute for dynamic random access memories becomes an issue.

[0010]  The proposed LPDDR2 JEDEC standard does provide a data not valid
(DNV) signal to the controller only during the read mode. The data not valid signal
uses an input data mask/data not valid (DM) pin only during the read mode since the

DM pins are used during the write mode to mask the data.

[0011]  As used herein, a "package connector” includes any lead or conductor
used to obtain an output signal from an integrated circuit, including pins, prongs,

lands, contacts, terminals, plugs, balls, and springs.

[0012] In accordance with some embodiments, another package connector that is
unused during the write mode may be used as an output signal from the non-volatile
memory to the memory controller. One suitable package connector is the ZQ pin.
The ZQ pin is used conventionally to enable the memory device to calibrate its
output drive strength. The ZQ pin is connected to an external resistor (which
typically is 240 ohms). The ZQ pin is only conventionally used during calibration
mode and is not conventionally intended for communications with the memory

controller.



uses an input data mask/data not valid (DM pin only during the read node
since the DM pins are used during the wite node to mask the data. [0011]
As used herein, a "package connector" includes any |lead or conductor used
to obtain an output signal from an integrated circuit, including pins,
prongs, |ands, contacts, termnals, ggs balls, and springs. [0012] In
accordance with sone enbodi nents, anoth package connector that is unused
during the wite node may be used as an out put signal fromthe non-vol atile
menor y t A1 nelhs ;Ocmntqam hepsedios data caminupedicngedwintwotess a4 the zQ
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controller cannot write in one embodiment. When the non-volatile memory is ready
for write, the ZQ pin may be pulled low again in one embodiment. Of course the
opposite polarities may be used as well. Also, the signal provided from the ZQ pin
may be a continuous signal or pulses, depending on whether the retry is short or
long.

[00185]  Thus, referring to Figure 1, a non-volatile memory 12 which may, for
example, be a phase change memory, includes a current source 16 coupled to the
ZQ pin, indicated as R/B for ready/busy in Figure 1. The non-volatile memory
communicates the ready/busy signal to the memory controller 10. It also
communicates addresses and commands (A/C) and other signals, including data
inputs/outputs (DQ), DM, and data strobe (DQS) signals. Clock (CLK) signals and
clock bar signals may also be communicated from the memory controller to the non-
volatile memory.

[0016] The memory 12 may include a control 18 that controls the current source
16. The control 18 may be implemented in hardware, software, or firmware. The

control 18 may be an embedded processor or logic, as examples.

[0017]  Thus, in Figure 2, the clock and clock bar signals are depicted at the top,
followed by the command/address inputs CA0-9 and the write command signals
Cmd. Note that the first write command signal initiates a request to write to the non-
volatile memory which is rejected by the non-volatile memory, as signaled by the

ready/busy (R/B) signal. Namely, the current | in the non-volatile memory device



controller cannot wite in one enbodi ment. Wen the non-volatile nmenory is
ready for wite, the ZQ pin may be pulled | ow again in one enbodinent. O
course the opposite polarities may be used as well. Al so, the signal
provided fromthe ZQ pin may be a continuous signal or pul ses, depending on
whet her the retry is short or |long. [0015] Thus, referring to Figure 1, a
non-vol atile nmenory 12 which may, for ~éxanpl e, be a phase change nenory,

i ncludes a current source 16 coupled to the ZQ i ndicated as RIB for
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in software, hardware, or firmware. In some embodiments, a computer readable
medium may store instructions that, when executed, enable the sequence to be
implemented. For example, the sequence may be implemented by the control 18,
shown in Figure 1.

[0020] Initially, a check at diamond 32 determines whether or not a write request
has been received from the memory controller. If not, a read mode is implemented
and, in the case of a ZQ pin, this means implementing the calibration mode, as
indicated at block 30.

[0021]  If a write was requested, as determined at diamond 22, a check
determines whether or not the memory is available and ready for a write, as
indicated in diamond 24. If so, the ready signal is provided on the ZQ pin in one
embodiment, indicated at block 28. Otherwise, a wait or retry signal is issued to
signal the memory controlier to wait until the memory is no longer occupied to
implement the write command (block 26). From here, the flow iterates until such
time as the memory is free (as determined at diamond 24) and the write can be

implemented (as indicated at block 28).

[0022] While an embodiment is described in which the non-volatile memory
device is a phase change memory and the product is the low power double data
rate, this same technology may be useful in any situation where a ready/busy

dedicated pin is unavailable for whatever reason.



that the wite should be retried. [0018] The wite command (CVD) is then
tried again, as indicated in dashed lines on the command tim ng di agram

- When the device is no |onger busy and is then ready, as indicated in dotted
lines, the R'B level may be |owered and the current fromthe current source
| may be turned off. This signals to the nmenory controller that the

non-vol atile nmenory is now ready to wrie again and this may be foll owed

up, as indicated by dotted lines on the line Crd, by issuing another wite
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modifications and variations therefrom. {t is intended that the appended claims cover
all such modifications and variations as fall within the true spirit and scope of this

present invention.



i npl enented (as indicated at block 28). [0022] Wile an enbodi nent is
described in which the non-volatile nenory device is a phase change nenory
and the product is the | ow power double data rate, this same technol ogy may
be useful in any situation where a ready/busy dedicated pin is unavail able
for whatever reason. -5- [0023] Referenges throughout this specification to
"one enbodi nent” or "an enbodinent” nean that a particul ar feature,
structure, or characteristic described in connection with the enbodinent is
i ncl udedWhat i clpwaed issne i npl enentati on  enconpassed within the present

i nvention. Thus, appearances of the phrase "one enbodinment” or "in an
enbodi nent" are not necessarily referring to the sane enbodi nent.

Furt hernore, 1he pArMoncudlatilefraaimorgsomprisingt ures, or characteristics my be
instituted in other suitable fornms other than the particul ar enbodi nent
illurated and afIPaskage cenRectanlp PeVislecafifsd Surelion dwing feeding; @ns of t he
present applicatiog. 4 i k 1 . cri bed
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i ntended that the appended clains cover all such nodifications and

vari at i ofenterller gbpufywhgtherispid mamory s readydfRaadwdge of this present
invention. -6- What is clained is: 1 1. A non-volatile nmenory conprising: 2
a package connector to provide a first function during reading; and

1 2. The memory of claim 1 wherein said connector is a calibration pin.
1 3. The memory of claim 2 wherein said connector is a ZQ pin.
4. The memory of claim 2 wherein said memory includes a current source

2  selectively couplable to a said ZQ pin.

5. The memory of claim 4 wherein said pin is coupled to a grounded
2  resistor.
6. The memory of claim 5 wherein said control to generate a ready/busy

2 signal by generating a current from said current source coupled to ground through

said resistor.

7. The memory of claim 1 wherein said control to generate a first potential

2 on the connector to indicate a wait condition during a write to the memory.

8. The memory of claim 7 wherein said control to generate a second
potential on the connector to indicate that the memory controller should retry writing
to the memory.

1 9. The memory of claim 1 wherein said memory is a phase change

2 memory.



3 a control to provide a second function different fromsaid first function
4 during a wite and to conmuni cate, using said package connector, wth the
menory 5 controller about whether said nenory is ready for a wite. 1 2.
The menory of claim 1l wherein said connector is a calibration pin. 1 3. The
menory of claim2 wherein said connectoz is aZQpin. 1 4. The nenory of
claim2 wherein said nenory includes a tlrrent source 2 selectively
couplable to a said ZQ pin. 1 5. The nenory of claim4 wherein said pinis
coupled to a $PounBdBethd GNRA®AT: 1 6. The nenory of claim5 wherein said

contrpl to generat g?iggr%eﬁ&;(_lvg%%ge gﬁﬁ&gﬁﬁlcggé%?gﬂﬁéab} NG @p%'rfg%igf romsaid

n
current source coup 0 groun ou resrstor. nmenory

of cl3&i nddrindesling net ivolvirtg gatat corgmonaicatien@withrss ngpadrgriongioliek, fom t he
connector to indicate a wait condition during a wite to the nenory. 1 8.

The rfenmof9Mmpruni¢ating withvadnemery spatrellgsdusingtvyitinaqeringdicate waethed the pot ent i al
on tt? Cﬂ'l%'?ﬁ&r&% re(iébé} f&%}&%iﬁehhat the nmenory controller should retry witing
menory. :

3 to the e nmenory of claim1l wherein said nenory is a phase
change 2 nenory. -7- 1 10. A nethod conprising: 2 using a non-volatile
rrermr%;_ package conpector, used for a function 3 during reading, not

i

i nvol Vi ng dat 41comiigireethpd ef claimhi Ginelicing usipatsail pepnegtgr to indicate

2 when the memory is busy and cannot be written.

12.  The method of claim 10 including using as said connector a calibration
2 pin.

13. The method of claim 12 including using a ZQ pin as said calibration
2 pin.

14.  The method of claim 10 including using as said connector a pin
2 including a connection to ground through a resistor.

1 15. The method of claim 10 including using said connector to indicate

2 when to retry a write to the memory.

16.  The method of claim 15 including using said connector for calibration of

2  the memory during reading.

1 17.  An apparatus comprising:

2 a memory; and

3 a multiplexed pin that is used as a ready/busy pin in one mode and for
4 another function in another mode.

1 18.  The apparatus of claim 17 wherein said pin is a calibration pin.

1 19.  The apparatus of claim 18 wherein said pin is a ZQ pin.



4 communicating wwth a menory controller during witing to indicate whether
the 5 nenory is ready to be witten. 1 11. The nethod of claim 10 incl uding
usi ng said connector to indicate 2 when the nenory is busy and cannot be
witten. 1 12. The method of claim 10 including using as said connector a
calibration 2 pin. 1 13. The nethod of, claim 12 including using a ZQ pin as
said calibration 2 pin. 1 14. The net'hbtd of claim 10 including using as
said connector a pin 2 including a connection to ground through a resistor.
1 15. The method of claim 10 including using said connector to indicate 2
when,to retr e 1.8~ : ' 4ac! udi ng
usi ng1g sai d c?rgﬁect-mee?%ﬁa%gﬁ %Fraézl?{r%yb?égf'ﬂ-ﬁgp@n@r)gs qaﬁk€+%%iwﬁg§ 1 17.
An appartetsaid pemgrysi ng: 2 a nenory; and 3 a nultiplexed pin that is used
as a ready/busy pin in one node and for 4 another function in another nbde.
1 18. The apparatus of claim 17 wherein said pinis a calibration pin. 1
19. The apparatus of claim 18 wherein said pinis a ZQ pin. -8- 1 20. The
apparatus of claim 17, said pin to provide a signal to retry a wite 2 to
said menory.





