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At data rates >800MT/s there currently exists two specs for the NAND data output valid window: the device spec tDVWd, and the per-pin spec tDVWp. At data rates >1200MT/s it becomes increasingly difficult for NAND devices to meet the tDVWd spec (defined by tQH-tDQSQ) as the tDQSQ of NAND devices does not typically scale with data rate. 

The tDVWp spec however allows NAND vendors to require DCC training to be performed and it is a per-pin spec the usage of which relies on per-DQ Read Training on the system. The ONFI spec already requires DCC and per-DQ Read Training to be performed at >800MT/s. With such training measures assumed to be present on the systems that plan to run >1200MT/s, and given the constraints of NAND devices meeting the tDVWd spec, the tDVWp spec becomes the more realistic requirement for NAND devices to meet at data rates >1200MT/s. 

In addition to the tDVWp spec, the data output valid window variation needs to be constrained. The proposal is to constrain the NAND data output valid window with a realistic tDQSQ spec. 
The proposal therefore clarifies that NAND data output valid window requirements at data rates >1200MT/s (TM13-15) are the tDVWp and tDQSQ specs and a realistic value for the tDQSQ spec is proposed.

Since the data output valid window for data rates >1200MT/s are defined by the tDVWp and tDQSQ specs, the tDVWd and tQH would no longer be required at >1200MT/s.  

This erratum makes the following changes: 

1) Removes the tDVWd and tQH specs for Timing Modes >TM12
2) Modifies tDQSQ spec to a constant value of 250ps above TM12
3) Adds new dQSQ/dT, dQSQ/dV and tDQDQ specs 











Description of the specification change : 
Modify Section 4.17.4:  NV-DDR2/NV-DDR3 

Table 87 defines the timing parameters for the NV-DDR2 and NV-DDR3 data interface.

Parameter 
Description
tDQDQ
Worst case DQ-to-DQ variation for a LUN during data output cycles. 
dQSQ/dT
Change in tDQSQ versus temperature for a LUN. Computed by the dividing delta in tDQSQ by the operating temperature range of the device for a LUN. Spec is guaranteed by design and characterization and not tested in production.
dQSQ/dV
Change in tDQSQ versus VccQ for a LUN. Computed by dividing the delta in tDQSQ by the operating VccQ range of the device for a LUN. Spec is guaranteed by design and characterization and not tested in production.

Table 87 NV-DDR2/NV-DDR3 Timing Parameter Descriptions


Modify Section 4.18.3:  Table 94 NV-DDR2 / NV-DDR3 Timing Parameter Values: Data Output



Constant Timing Parameter Values

Min
Max
Unit
tDVWd (device)
tDVWd = tQH – tDQSQ
ns
tQH
0.37
-
tRC(avg)
dQSQ/dT
-0.5
0.5
ps/oC
dQSQ/dV
-0.35
0.35
ps/mV



		



Modify Section 4.18.3:  Table 94 NV-DDR2 / NV-DDR3 Timing Parameter Values: Data Output

· Add tDVWd (device)  spec and tQH to each Timing Mode with NA value for all Timing Modes above 12
· Change tDQSQ specs for TM13, TM14, TM15 
· Add tDQDQ spec for TM13, TM14, TM15

Timing Mode Specific Values (Modes 0-3)

Mode 0
Mode 1
Mode 2
Mode 3
Unit

3.75
3
2.5
1.875
ns

~267
~333
400
~533
MHz

Min
Max
Min
Max
Min
Max
Min
Max

tDQSQ
—
2.5
—
2.0
—
1.4
—
1.0
ns
tDQDQ
—
—
—
—
—
—
—
—
ns
tQH 
0.37
—
0.37
—
0.37
—
0.37
—
tRC(avg)
tDVWd (device)
tQH -tDQSQ
—
tQH -tDQSQ
—
tQH -tDQSQ
—
tQH -tDQSQ
—
ns
tDVWp  (per pin)
NA
—
NA
—
NA
—
NA
—
ns
Timing Mode Specific Values (Modes 4-7)

Mode 4
Mode 5
Mode 6
Mode 7
Unit

10 
7.5 
6 
5 
ns 

100 
~133 
~166 
200 
MHz 

Min
Max
Min
Max
Min
Max
Min
Max

tDQSQ
—
0.8
—
0.6
—
0.5
—
0.4
Ns
tDQDQ
—
—
—
—
—
—
—
—
Ns
tQH
0.37
—
0.37
—
0.37
—
0.37
—
tRC(avg)
tDVWd (device)
tQH -tDQSQ
—
tQH -tDQSQ
—
tQH -tDQSQ
—
tQH -tDQSQ
—
Ns
tDVWp  (per pin)
NA
—
NA
—
NA
—
NA
—
Ns
Timing Mode Specific Values (Modes 8-11)

Mode 8
Mode 9
Mode 10
Mode 11
Unit

3.75 
3 
2.5 
1.875 
ns 

~267 
~333 
400 
~533 
MHz 
tDQSQ
—
0.35
—
0.3
—
0.25
—
0.188
Ns
tDQDQ
—
—
—
—
—
—
—
—
Ns
tQH
0.37
—
0.37
—
0.37
—
0.37
—
tRC(avg)
tDVWd (device)
tQH -tDQSQ
—
tQH -tDQSQ
—
tQH -tDQSQ
—
tQH -tDQSQ
—
Ns
tDVWp  (per pin)
NA
—
NA
—
NA
—
0.535 
—
Ns
Timing Mode Specific Values (Modes 12-15)

Mode 12
Mode 13
Mode 14
Mode 15
Unit

1.667 
1.5 
1.364 
1.25 
ns 

600 
~667 
~733 
800 
MHz 
tDQSQ
—
0.167
-0.250
[bookmark: _GoBack]0.150 0.250
-0.250
0.136
0.250
-0.250
0.125
0.250
Ns
tDQDQ
—
—
—
0.200
—
0.200
—
0.200
ns
tQH
0.37
—
NA
—
NA
—
NA
—
tRC(avg)
tDVWd (device)
tQH -tDQSQ
—
NA
—
NA
—
NA
—
ns
tDVWp  (per pin)
0.475
—
0.428
—
0.389
—
0.356
—
ns



Modify Section 4.19.3.4:  Data Output Cycle Timings

Add the following figure: 
[image: ]

Figure X  Data output cycle timing - tDQSQ and tDQDQ Specs
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