- 1 - Providing A Ready-Busy Signal From A Non-Volatile Menory Device
To A Menory Controller Background [0001] This relates generally to
non-vol atil e menory devices. A non-volatile nenory is a device that
stores information even when power is unavail able. [0002] Exanpl es of
non-vol atile nenories include phase change nenory devices and fl ash
menory devices. Cenerally, non-volatil equenory devices communi cate

Wi th a processor-based systemthrough a nenory controller.

[ 0003] Non-vol atile nmenories nmay be used as replacenents for dynam c
random access nenories. For exanple, the synchronous dynam ¢ random

access nenory (SDRAM may Heevitipgl RReEdRBURPSighRl Rfdrh@ menories in the
future. The JEDEC SolNgh-GbRitiR ﬂ@%ﬁ?b@ﬁ%e%ﬁ@ﬂe%d%@oﬂ%”éﬁgt0”1 VA
22201) is working ona standard calle OW power uble arate

(" LPDDR2" BabRéircangenory with | ow power and hi gh speed for both DRAM

and non-vol atile _nmenory. LPDDR2 reduces g‘i n count to reduce package
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R%SOZ] Examples of non-volatile memories include phase change memory

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 (Artington, VA 22201) is working on a standard called
low power double data rate ("LPDDR2"} for a memory with low power and high
speed for both DRAM and non-volatite memory. LPDDR2 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



[0004] Figure 1 is a schematic depiction of one enbodi ment of the
present invention; [0005] Figure 2 is a timng diagramfor the

enbodi nent shown in Figure 1; and [0006] Figure 3 is a flow chart for
one enbodi nent. Detail ed Description [0007] Dynam c random access
menory (DRAM devices nay be repl aced bé non-vol atil e nenory

t echnol ogy such as phase change nenorie$, The dynam c random access
menory has a determnistic witing tinme. Each wite cycle is defined
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pins are used during the wite node to nas}
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 signai
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.



[ 0011] As used herein, a "package connector' includes any |ead or
conductor used to obtain an output signal froman integrated circuit,
i ncludi ng pins, prongs, lands, contacts, termnals, plugs, balls, and
springs. [0012]In accordance with sone enbodi ments, another package
connector that is unused during the wite node nay be used as an

out put signal fromthe non-volatile nendry to the nmenory controller.
One suitabl e package connector is the ZQ pin. The ZQ pin is used
convent i oi%ﬂ1l3$ t d hendBIpén edrebervaed fordiata wnmun&mtid)m during wetesyapat

Coni oh ty SrcalssYitn SR R fintBRBRSES Jo b SO e Bl Romb TR Pyt

duri ng cahmrihng,tthermahhmeomnd)deﬁs offt conventl onal ly intended for
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ref erri ng™ay b& §Eerdingoug Sf%‘ﬁ' 6’2)@"3?‘?51 depgnding on whtherihegstry isghort or
exanpl e, Rkmga phase change nenory, includes a current source 16
coupled to the ZQ pin, indicated as RIB for ready/busy in Figure 1.

The non-v i Jca s the ready/ bu to the
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dat a stro%&éﬁé nal Cl ock CLK signals_and cl ock bar signals
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nonvol ati bemAiRiMRaYes 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 CA0-8 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



[ 0016] The nmenory 12 may include a control 18 that controls the
current source 16. The control 18 nmay be inplenented in hardware,
software, or firmwvare. The control 18 may be an enbedded processor or
| ogic, as exanples. [0017] Thus, in Figure 2, the clock and cl ock bar
signals are depicted at the top, followed by the command/ address
inputs CAO-9 and the wite command sigrhrs Ord. Note that the first
wite command signal initiates a request to wite to the nonvolatile
menory whidgReiatesranightlee! iop the eeadyrbusyllineitd thenmrowoyy carstraiegn@lireticaiing

the ready} ?He&ﬁfe@hg%‘l@ﬂé#etn&@”my’ the current | in the
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sequence MB &§ 'PH@?M@O‘%&?‘QW% %@ ‘F%Wﬂ%ﬁ“‘i‘%a@%ﬁ"’ﬁ\)ﬁﬁ"@ command.
hardware, or firmvare. In sonme enbodi nents, a conputer readable

medi um rra£00§9br e Refartingié Fignge 8hasequener ieitestrated wiactatmag btehmplemented

sequence .0 ed For exampl e, e
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check at medmwmma?%wietlﬁstmd&@ﬁs R WiIRsn O%ecitdd, 2nwblettRe lsBHYETe to be
implemented. For example, the sequence may be implemented by the controf 18,
shown in Figure 1.

[0020] Iinitially, 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 controller to wait until the memory is no longer occupied to
impiement 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.



has been received fromthe nenory controller. If not, a read node is
i npl emented and, in the case of a ZQ pin, this nmeans inplenenting the
cali bration node, as indicated at block 30. [0021]If a wite was
requested, as determ ned at dianond 22, a check determ nes whet her or
not the nmenory is available and ready for a wite, as indicated in

di anond 24. If so, the ready signal is5provided on the ZQ pin in one
enbodi nent, indicated at block 28. Otherwise, a wait or retry signal
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skill ed iPhesand inyeption.| | appreci ate nunerous nodifications and
variations therefrom It is intended that the appended cl ai ns cover

all such nodifications and variations as fall within the true spirit
and scope of this present invention.



-6- What is claimed is: 1. A non-volatile nenory conprising: a
package connector; and a control to generate a first potential on the
connector to indicate a wait condition during a wite to the nenory
and to generate a second potential on.ghe connector to indicate that
a nenory controller should retry witing to the nmenory. 2. The nenory
of claim1l wherein said connector is a calibration pin. 3. The nenory
of claim2 wherein said connector is a ZQ pin. 4. The nenory of

cl ai m 2 whadneisrlshaedismenory includes a current source sel ectively
couplable to a said ZzQ pin. 5. The nenory of claim4 wherein said
pinis coupled to a grounded resistor. 6. The menory of claimb5

wherein sai d CRRbAQblaliR @%&&%Bﬁpﬂsiﬁg%ggcp&gxoﬁ&gﬁﬁt awlay generating a

current fromsaid current solrce coup td groun rough said
resi st or . a controTipegenemtsrayfinef paténgiahorl thekemeior geindicate aovayt dosdigion Hase

change nenory. A net hod conpri sing: generati a first potenti al
on the connect%‘?vg{eoto thePemeTy 28 getneﬁagen%%tcf”b Odﬂ}q%h%n &‘e\ﬂ’ﬁegtof t he

menory; and gengicat g a meaReposhuplibedbud re@pwiitieg GORB eeiodFy.t O
indicate that a nenory controller should retry witing to the nenory.
9. The nethod of claim8 including using said connector to indicate

when the enorhe feRbt$ ¥t &Rt ¢ 3FHMLn BEd WilnklBFYs a calibration pin.

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

selectively couplable to a said ZQ pin.
5. The memory of claim 4 wherein said pin is coupled to a grounded resistor.

6. The memory of claim 5 wherein said control to generate a ready/busy signal by

generating a current from said current source coupled to ground through said resistor.
7. The memory of claim 1 wherein said memory is a phase change memory.

8. A method comprising: generating a first potential on the connector to indicate a
wait condition during a write to the memory; and generating a second potential on the

connector to indicate that a memory controller should retry writing to the memory.

9. The method of claim 8 including using said connector to indicate when the

memory is busy and cannot be written.

10.  The method of claim 8 including using as said connector a calibration pin.



10. The nethod of claim 8 including using as said connector a
calibration pin. -7- 11. The nethod of claim 10 including using a
ZQ pin as said calibration pin. 12. The nethod of claim8 including
using as said connector a pin including.a connection to ground
through a resistor. 13. The nethod of claim 8 including using said
connector to indicate when to retry a wite to the nenory. 14. The
met hod of 1kl ai The h@hédief dlaimly) inshubigg siging a @Npiack ed4id taibratihipgii.at i on of
the nenory during reading.

12, The method of claim 8 including using as said connector a pin including a connection

to ground through a resistor.

13. The method of claim 8 including using said connector to indicate when to retry a

write to the memory.

14. The method of claim 13 including using said connector for calibration of the memory

during reading.



