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 Em b ed d ed  Mem or y  
( P3 0 )

Dat ash eet

Pr od u ct  Feat u r es

High perform ance

� 85 ns initial access
� 52 MHz with zero wait states, 17ns clock-to-data output 

synchronous-burst read mode

� 25 ns asynchronous-page read mode

� 4-, 8-, 16-, and continuous-word burst mode

� Buffered Enhanced Factory Programming (BEFP) at 5 μs/
byte (Typ)

� 1.8 V buffered programming at 7 μs/byte (Typ)

Architecture

� Multi-Level Cell Technology: Highest Density at Lowest 
Cost

� Asymmetrically-blocked architecture

� Four 32-KByte parameter blocks: top or bottom 
configuration

� 128-KByte main blocks

Voltage and Power

� VCC (core) voltage: 1.7 V � 2.0 V

� VCCQ (I/O) voltage: 1.7 V � 3.6 V

� Standby current: 20μA (Typ) for 64-Mbit

� 4-Word synchronous read current: 
13 mA (Typ) at 40 MHz

Qualit y and Reliabilit y
� Operating temperature: �40 °C to +85 °C 

� Minimum 100,000 erase cycles per block

� ETOX� VIII process technology

Securit y

� One-Time Programmable Registers:
� 64 unique factory device identifier bits
� 2112 user-programmable OTP bits 

� Selectable OTP Space in Main Array:
� Four pre-defined 128-KByte blocks (top or bottom 
configuration)
� Up to Full Array OTP Lockout

� Absolute write protection: VPP = VSS
� Power-transition erase/program lockout

� Individual zero-latency block locking
� Individual block lock-down

Software
� 20 μs (Typ) program suspend

� 20 μs (Typ) erase suspend

� Numonyx� Flash Data Integrator optimized

� Basic Command Set and Extended Command Set 
compatible

� Common Flash Interface capable

Density  and Packaging

— 56-  Lead TSOP package (64,  128, 256, 
512-  Mbit )

— 64-  Ball Num onyx™ Easy BGA package (64, 
128, 256,  512-  Mbit )

— Num onyx™ QUAD+  SCSP (64, 128, 256, 
512-  Mbit )

� 16-bit wide data bus
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1 .0 Fu n ct io n al  Descr ip t ion

1 .1 I n t r o du ct i on

This docum ent  prov ides inform at ion about  t he Num onyx™ St rataFlash®  Em bedded 
Mem ory (P30)  product  and describes it s features, operat ion, and specif icat ions.

The Num onyx™ StrataFlash®  Em bedded Mem ory (P30)  product  is the latest  generat ion 
of Num onyx™ St rataFlash®  m em ory dev ices. Offered in 64-Mbit  up through 512-Mbit  
densit ies, the P30 device br ings reliable, two-bit -per- cell storage technology to the 
em bedded f lash m arket  segm ent . Benefit s include m ore density in less space, high-
speed interface, lowest  cost- per-bit  NOR dev ice, and support  for code and data 
storage. Features include high-perform ance synchronous- burst  read m ode, fast  
asynchronous access t im es, low power, flexible security opt ions, and three indust ry 
standard package choices.  The P30 product  fam ily is m anufactured using I ntel*  130 nm  
ETOX™ VI I I  process technology.

The P30 product  fam ily is also planned on the I ntel*  65nm  process lithography. 65nm  
AC t im ing changes are noted in this datasheet , and should be taken into account  for all 
new designs.

1 .2 Ov er v iew

This sect ion provides an overview of the features and capabilit ies of the P30.

The P30 fam ily  prov ides density upgrades from  64-Mbit  t hrough 512-Mbit . This fam ily 
of devices provides high perform ance at  low voltage on a 16-bit  data bus. I ndiv idually  
erasable m em ory blocks are sized for opt im um  code and data storage.

Upon in it ial power up or return from  reset , the device default s t o asynchronous page-
m ode read. Configur ing the Read Configurat ion Register enables synchronous burst -
m ode reads. I n synchronous burst  m ode, output  data is synchronized with a user-
supplied clock signal. A WAI T signal prov ides an easy CPU- to- f lash m em ory 
synchronizat ion.

In addit ion to the enhanced architecture and interface,  t he device incorporates 
technology that  enables fast  factory  program  and erase operat ions. Designed for low-
voltage system s, the 
P30 supports read operat ions with VCC at  1.8 V, and erase and program  operat ions with 
VPP at  1.8 V or 9.0 V. Buffered Enhanced Factory Program m ing (BEFP)  provides the 
fastest  f lash array program m ing perform ance with VPP at  9.0 V,  which increases factory  
throughput . With VPP at  1.8 V, VCC and VPP can be t ied together for a sim ple, u lt ra low 
power design. I n addit ion to voltage f lexibility, a dedicated VPP connect ion provides 
com plete data protect ion when VPP ≤ VPPLK.

A Com m and User I nterface (CUI )  is t he interface between the system  processor and all 
internal operat ions of t he device. An internal Write State Machine (WSM) autom at ically 
executes the algor ithm s and t im ings necessary for block erase and program . A Status 
Register indicates erase or program  com plet ion and any errors that  m ay have occurred.

An industry-standard com m and sequence invokes program  and erase autom at ion. Each 
erase operat ion erases one block. The Erase Suspend feature allows system  software to 
pause an erase cycle to read or program  data in another block. Program  Suspend 
allows system  software to pause program m ing to read other locat ions. Data is 
program m ed in word increm ents (16 bits) .
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The P30 protect ion register allows unique f lash device ident if icat ion that  can be used to 
increase system  security. The indiv idual Block Lock feature provides zero- latency block 
lock ing and unlocking. I n addit ion, the P30 device also has four pre-defined spaces in 
t he m ain array that  can be configured as One-Tim e Program m able (OTP) . 

1 .3 Vi r t u a l  Ch ip  En ab le  Descr i p t io n

The P30 512Mbit  devices em ploy a Vir tual Chip Enable which com bines two 256-Mbit  
die with a com m on chip enable, F1-CE#  for QUAD+  packages or CE#  for Easy BGA and 
TSOP packages. (Refer to Figure 9 on page 20 and Figure 10 on page 20) . Address A24 
(Quad+  package)  or A25 (Easy BGA and TSOP packages)  is then used to select  
between the die pair  with F1-CE#  /  CE#  asserted depending upon the package opt ion 
used.  When chip enable is asserted and QUAD+  A24 (Easy BGA/ TSOP A25)  is low (VIL) ,  
The lower param eter die is selected;  when chip enable is asserted and QUAD+  A24 
(Easy BGA/ TSOP A25)  is high (VIH) ,  t he upper param eter die is selected. Refer t o 
Table 1 and Table 2 for addit ional details.

1 .4 Mem o r y  Map s

Table 3 through Table 5 show the P30 m em ory m aps.  The m em ory array is div ided into 
m ult iple 8-Mbit  Program m ing Regions (see Sect ion 8.0, “ Program  Operat ion”  on 
page 28) .

Tab le 1 : Vi r t u al  Ch ip  En ab le  Tr u t h  Tab le  f o r  5 1 2  Mb  ( QUAD+  Pack ag e)

Die  Se lect ed F1 - CE# A2 4

Lower Param Die L L

Upper Param Die L H

Tab le 2 : Vi r t u al  Ch ip  En ab le  Tr u t h  Tab le  f o r  5 1 2  Mb  ( Easy  BGA &  TSOP Pack ag es)

Die  Se lect ed CE# A2 5

Lower Param Die L L

Upper Param Die L H

Tab le 3 : D iscr e t e Top  Par am et er  Mem o r y  Map s ( a l l  p ack ag es)

Size  
( KB)

Blk 6 4 -Mb i t
Si ze  
( KB)

Blk 1 2 8 - Mb i t

O
n

e
 

P
r
o

g
r
a

m
m

in
g

 
R

e
g

io
n

32 66 3FC000 -  3FFFFF

O
n

e
 

P
r
o

g
r
a

m
m

in
g

 
R

e
g

io
n

32 130 7FC000 -  7FFFFF

..
.

..
.

..
.

..
.

..
.

..
.

32 63 3F0000 -  3F3FFF 32 127 7F0000 -  7F3FFF

128 62 3E0000 -  3EFFFF 128 126 7E0000 -  7EFFFF

..
.

..
.

..
.

..
.

..
.

..
.

128 56 380000 -  38FFFF 128 120 780000 -  78FFFF
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S
e

v
e

n
 

P
r
o

g
r
a

m
m

in
g
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e
g
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n

s

128 55 370000 -  37FFFF

F
if

te
e

n
 

P
r
o

g
r
a

m
m

in
g

 
R

e
g

io
n

s

128 119 770000 -  77FFFF

128 54 360000 -  36FFFF 128 118 760000 -  76FFFF

..
.

..
.

..
.

..
.

..
.

..
.

128 1 010000 -  01FFFF 128 1 010000 -  01FFFF

128 0 000000 -  00FFFF 128 0 000000 -  00FFFF

Size 
( KB)

B lk 2 5 6 - Mb it

O
n

e
 

P
r
o

g
r
a

m
m

in
g

 
R

e
g

io
n

32 258 FFC000 -  FFFFFF

..
.

..
.

..
.

32 255 FF0000 -  FF3FFF

128 254 FE0000 -  FEFFFF

..
.

..
.

..
.

128 248 F80000 -  F8FFFF

T
h

ir
ty

-
O

n
e

 
P

r
o

g
r
a

m
m

in
g

 
R

e
g

io
n

s

128 247 F70000 -  F7FFFF

128 246 F60000 -  F6FFFF

..
.

..
.

..
.

128 1 010000 -  01FFFF

128 0 000000 -  00FFFF

Tab le  4 : D iscr et e  Bo t t om  Par am et e r  Mem o r y  Map s ( a l l  p ack ag es)

Size  
( KB)

Blk 6 4 -Mb i t
Si ze  
( KB)

Blk 1 2 8 - Mb i t

S
e

v
e

n
P

r
o

g
r
a

m
m

in
g

 
R

e
g

io
n

s

128 66 3F0000 -  3FFFFF

F
if

te
e

n
P

r
o

g
r
a

m
m

in
g

 
R

e
g

io
n

s

128 130 7F0000 -  7FFFFF

128 65 3E0000 -  3EFFFF 128 129 7E0000 -  7EFFFF

..
.

..
.

..
.

..
.

..
.

..
.

128 12 090000 -  09FFFF 128 12 090000 -  09FFFF

128 11 080000 -  08FFFF 128 11 080000 -  08FFFF

O
n

e
 

P
r
o

g
r
a

m
m

in
g

 
R

e
g

io
n

128 10 070000 -  07FFFF

O
n

e
 

P
r
o

g
r
a

m
m

in
g

 
R

e
g

io
n

128 10 070000 -  07FFFF

..
.

..
.

..
.

..
.

..
.

..
.

128 4 010000 -  01FFFF 128 4 010000 -  01FFFF

32 3 00C000 -  00FFFF 32 3 00C000 -  00FFFF

..
.

..
.

..
.

..
.

..
.

..
.

32 0 000000 -  003FFF 32 0 000000 -  003FFF

Size  
( KB)

Blk 2 5 6 - Mb i t

Tab le  3 : D iscr et e  To p  Par am et er  Mem or y  Map s ( a l l  p ack ages)

Size 
( KB)

B lk 6 4 - Mb i t
Si ze 
( KB)

B lk 1 2 8 -Mb i t
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Note: The Dual-  Die P30 m em ory m aps are the sam e for both param eter opt ions because the 
dev ices em ploy vir tual chip enable (Refer t o Sect ion 1.3) . The param eter opt ion only  defines 
the placem ent  of bot tom  param eter die.

T
h

ir
ty

-O
n

e
P

r
o

g
r
a

m
m

in
g

 
R

e
g

io
n

s

128 258 FF0000 -  FFFFFF

128 257 FE0000 -  FEFFFF

..
.

..
.

..
.

128 12 090000 -  09FFFF

128 11 080000 -  08FFFF

O
n

e
 

P
r
o

g
r
a

m
m

in
g

 
R

e
g

io
n

128 10 070000 -  07FFFF

..
.

..
.

..
.

128 4 010000 -  01FFFF

32 3 00C000 -  00FFFF

..
.

..
.

..
.

32 0 000000 -  003FFF

Block size is referenced in K-Bytes where a byte= 8 bit s. Block Address range is referenced in K-
Words where a Word is the size of the f lash output  bus (16 bits) .

Tab le 5 : 5 1 2 - Mb i t  Top  an d  Bo t t om  Par am et er  Mem or y  Map  ( Easy  BGA an d  QUAD+  SCSP)

5 1 2 -Mb i t  Flash  ( 2 x 2 5 6 - Mb i t  w /  1 CE)

Die  St ack  Co n f ig
Size
( KB)

Blk Ad d r ess  Ran g e

32 517 1FFC000 -  1FFFFFF

...

...

...

256-Mbit 32 514 1FF0000 -  1FF3FFF

Top Param eter Die 128 513 1FE0000 -  1FEFFFF

...

...

...

128 259 1000000 -  100FFFF

128 258 FF0000 -  FFFFFF

...

...

...

256-Mbit 128 4 010000 -  01FFFF

Bot tom  Param eter Die 32 3 00C000 -  00FFFF

...

...

...

32 0 000000 -  003FFF

N ot e : Refer to t he appropr iate 256-Mbit  Mem ory  Map (Table 3 or  Table 4 )  for Program ming Region informat ion;  Block size 
is referenced in K-Bytes where a byte= 8 bit s. Block  Address range is referenced in K-Words where a Word is the size of 
t he f lash output  bus (16 bits) .

Tab le 4 : D iscr e t e Bo t t o m  Par am et er  Mem or y  Map s ( a l l  p ack ag es)

Size  
( KB)

B lk 6 4 - Mb i t
Si ze  
( KB)

Blk 1 2 8 -Mb i t
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2 .0 Pack ag e I n f o r m at ion

2 .1 5 6 - Lead  TSOP

Fig u r e 1 : TSOP Mech an ical  Sp eci f i cat ion s

A

0

L

Detail A

Y

D

C

Z

Pin 1

E

D1

b

Detail B

See Detail A

e

See Detail B

A1

Seating
Plane

A2See Note 2

[231369-90]

See Notes 1 and 3

Tab le  6 : TSOP Pack ag e D im en sion s  ( Sh eet  1  o f  2 )

Pr o d u ct  I n fo r m at io n Sy m b o l

Mi l l im et er s I n ch es

Not es

M in Nom Max Min No m Max

Package Height A - - 1.200 - - 0.047

Standoff A1 0.050 - - 0.002 - -

Package Body Thickness A2 0.965 0.995 1.025 0.038 0.039 0.040

Lead Width b 0.100 0.150 0.200 0.004 0.006 0.008

Lead Thickness c 0.100 0.150 0.200 0.004 0.006 0.008

Package Body Length D1 18.200 18.400 18.600 0.717 0.724 0.732

Package Body Width E 13.800 14.000 14.200 0.543 0.551 0.559

Lead Pit ch e - 0.500 - - 0.0197 -

Term inal Dimension D 19.800 20.00 20.200 0.780 0.787 0.795



P3 0

Datasheet August  2008
10 306666-12

2 .2 6 4 - Bal l  Easy  BGA Pack age

Lead Tip Length L 0.500 0.600 0.700 0.020 0.024 0.028

Lead Count N - 56 - - 56 -

Lead Tip Angle ý 0° 3° 5° 0° 3° 5°

Seat ing Plane Coplanar it y Y - - 0.100 - - 0.004

Lead to Package Offset Z 0.150 0.250 0.350 0.006 0.010 0.014

N ot es:
1. One dimple on package denotes Pin 1.
2. I f two dimples, then the larger  dim ple denotes Pin 1.
3. Pin 1 will always be in the upper  left  corner of  the package,  in reference to t he product  m ark .
4. Daisy Chain Evaluat ion Unit  informat ion is at  Num onyx™ Flash Mem ory Packaging Technology 

ht tp: / / developer.Numonyx.com/ design/ flash/ pack tech.

Fig u r e  2 : Easy  BGA Mech an ical  Sp eci f i cat ion s

Tab le 6 : TSOP Pack ag e  D im en sio n s  ( Sh ee t  2  o f  2 )

Pr o d u ct  I n f o r m at ion Sy m b o l

M i l l im et er s I n ch es

No t es

Min No m Max Min No m Max

E

Seating

Plane

S1

S2

e

Top View - Ball side down Bottom View - Ball Side Up

Y
A

A1

D

Ball A1

Corner

A2

Note: Drawing not to scale

A

B

C

D

E

F

G

H

8 7 6 5 4 3 2 187654321

A

B

C

D

E

F

G

H

b

Ball A1

Corner

http://www.intel.com/design/packtech/index.htm
http://www.intel.com/design/packtech/index.htm
http://developer.intel.com/design/flash/packtech
http://developer.intel.com/design/flash/packtech
http://developer.intel.com/design/flash/packtech
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Tab le  7 : Easy  BGA Pack ag e  D im en sio n s

Pr o d u ct  I n fo r m at io n Sy m b o l

M i l l im et er s I n ch es

No t es

Min No m Max Min N om Max

Package Height  (64/ 128/ 256-Mbit ) A - - 1.200 - - 0.0472

Package Height  (512-Mbit ) A - - 1.300 - - 0.0512

Ball Height A1 0.250 - - 0.0098 - -

Package Body Thickness (64/ 128/ 256-
Mbit )

A2 - 0.780 - - 0.0307 -

Package Body Thickness (512-Mbit ) A2 - 0.910 - - 0.0358 -

Ball ( Lead)  Width b 0.330 0.430 0.530 0.0130 0.0169 0.0209

Package Body Width D 9.900 10.000 10.100 0.3898 0.3937 0.3976

Package Body Length E 12.900 13.000 13.100 0.5079 0.5118 0.5157

Pit ch [ e] - 1.000 - - 0.0394 -

Ball ( Lead)  Count N - 64 - - 64 -

Seat ing Plane Coplanarity Y - - 0.100 - - 0.0039

Corner  to Ball A1 Distance Along D S1 1.400 1.500 1.600 0.0551 0.0591 0.0630

Corner  to Ball A1 Distance Along E S2 2.900 3.000 3.100 0.1142 0.1181 0.1220

No t es :
1. Daisy Chain Evaluat ion Unit  inform at ion is at  Numonyx™ Flash Memory Packaging Technology 

ht tp: / / developer.Num onyx.com / design/ flash/ packtech.

http://www.intel.com/design/packtech/index.htm
http://www.intel.com/design/packtech/index.htm
http://developer.intel.com/design/flash/packtech
http://developer.intel.com/design/flash/packtech
http://developer.intel.com/design/flash/packtech
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2 .3 QUAD+  SCSP Pack ag es

 

Fig u r e  3 : 6 4 / 1 2 8 - Mb i t , 8 8 - b a l l  ( 8 0  act iv e )  QUAD+  SCSP Sp eci f i ca t ion s ( 8 x 1 0 x 1 .2  m m )

Millimeters Inches

Dimensions Symbol Min Nom Max Min Nom Max

Package Height A - - 1.200 - - 0.0472

Ball Height A1 0.200 - - 0.0079 - -

Package Body Thickness A2 - 0.860 - - 0.0339 -

Ball (Lead) Width b 0.325 0.375 0.425 0.0128 0.0148 0.0167

Package Body Width               D 9.900 10.000 10.100 0.3898 0.3937 0.3976

Package Body Length          E 7.900 8.000 8.100 0.3110 0.3150 0.3189

Pitch                                             e - 0.800 - - 0.0315 -

Ball (Lead) Count  N - 88 - - 88 -

Seating Plane Coplanarity Y - - 0.100 - - 0.0039

Corner to Ball A1 Distance Along E  S1 1.100 1.200 1.300 0.0433 0.0472 0.0512

Corner to Ball A1 Distance Along D    S2 0.500 0.600 0.700 0.0197 0.0236 0.0276

Top View - Ball 

Down
Bottom View - Ball Up

A
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E

Y

A
1

Drawing not to scale.
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Fig u r e 4 : 2 5 6 - Mb i t , 8 8 - b a l l  ( 8 0  act iv e )  QUAD+  SCSP Sp eci f i cat ion s ( 8 x 1 1 x 1 .0  m m )

Millimeters Inches

Dimensions Symbol Min Nom Max Min Nom Max

Package Height A - - 1.000 - - 0.0394

Ball Height A1 0.117 - - 0.0046 - -

Package Body Thickness A2 - 0.740 - - 0.0291 -

Ball (Lead) Width b 0.300 0.350 0.400 0.0118 0.0138 0.0157

Package Body Length D 10.900 11.00 11.100 0.4291 0.4331 0.4370

Package Body Width E 7.900 8.00 8.100 0.3110 0.3150 0.3189

Pitch                                             e - 0.80 - - 0.0315 -

Ball (Lead) Count  N - 88 - - 88 -

Seating Plane Coplanarity Y - - 0.100 - - 0.0039

Corner to Ball A1 Distance Along E  S1 1.100 1.200 1.300 0.0433 0.0472 0.0512

Corner to Ball A1 Distance Along D    S2 1.000 1.100 1.200 0.0394 0.0433 0.0472

Top View - Ball Down Bottom View - Ball Up
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D

E

Y

A1

Drawing not to scale.
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Note: Dimensions A1, A2, and b are preliminary
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Fig u r e  5 : 5 1 2 - Mb i t , 8 8 - b al l  ( 8 0  act iv e)  QUAD+  SCSP Sp eci f i ca t io n s ( 8 x 1 1 x 1 .2  m m )

Millimeters Inches

Dimensions Symbol Min Nom Max Min Nom Max

Package Height A - - 1.200 - - 0.0472

Ball Height A1 0.200 - - 0.0079 - -

Package Body Thickness A2 - 0.860 - - 0.0339 -

Ball (Lead) Width b 0.325 0.375 0.425 0.0128 0.0148 0.0167

Package Body Length               D 10.900 11.000 11.100 0.4291 0.4331 0.4370

Package Body Width          E 7.900 8.000 8.100 0.3110 0.3150 0.3189

Pitch                                             e - 0.800 - - 0.0315 -

Ball (Lead) Count  N - 88 - - 88 -

Seating Plane Coplanarity Y - - 0.100 - - 0.0039

Corner to Ball A1 Distance Along E  S1 1.100 1.200 1.300 0.0433 0.0472 0.0512

Corner to Ball A1 Distance Along D    S2 1.000 1.100 1.200 0.0394 0.0433 0.0472

Top View - Ball Down Bottom View - Ball Up
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Draw ing not to scale.
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3 .0 Bal lou t s

No t es:
1. A1 is t he least  significant  address bit .
2. A23 is valid for  128-Mbit  densit ies and above;  otherwise,  it  is a no connect  (NC) .
3. A24 is valid for  256-Mbit  densit ies;  otherwise,  it  is a no connect  (NC) .
4. A25 is valid for  512-Mbit  densit ies;  otherwise,  it  is a no connect  (NC) .
5. Please refer  to the latest  specificat ion update for  synchronous read operat ion with t he TSOP package. The synchronous read 

input signals (i.e. ADV# and CLK) should be tied off to support asynchronous reads. See Sect ion 4.0, “Signals”  on page 18 .

Fig u r e 6 : 5 6 - Lead  TSOP Pin o u t  ( 6 4 / 1 2 8 / 2 5 6 / 5 1 2 -  Mb i t )

Intel StrataFlash®
 Embedded Memory (P30)

56-Lead TSOP Pinout
14 mm x 20 mm

Top View

1

3
4

2

5

7
8

6

9

11
12

10

13

15
16

14

17

19
20

18

21

23
24

22

25

27
28

26

56

54
53

55

52

50
49

51

48

46
45

47

44

42
41

43

40

38
37

39

36

34
33

35

32

30
29

31

A14
A13
A12

A10
A9

A11

A23

A21
VSS

A22

VCC

WP#
A20

WE#

A19

A8
A7

A18

A6

A4
A3

A5

A2

A25
VSS

A24

WAIT

DQ15
DQ7

A17

DQ14

DQ13
DQ5

DQ6

DQ12

ADV#
CLK

DQ4

RST#

A16

DQ3

VPP

DQ10

VCCQ
DQ9

DQ2

DQ1

DQ0
VCC

DQ8

OE#

CE#
A1

VSS

A15

DQ11



P3 0

Datasheet August  2008
16 306666-12

No t es :
1. A1 is the least  significant  address bit .
2. A23 is valid for 128-Mbit  densit ies and above;  otherw ise, it  is a no connect  ( NC).
3. A24 is valid for 256-Mbit  densit ies and above;  otherw ise, it  is a no connect  ( NC).
4. A25 is valid for 512-Mbit  densit ies;  otherwise, it  is a no connect  (NC) .

Fig u r e  7 : 6 4 - Ba l l  Easy  BGA Ba l lo u t  ( 6 4 / 1 2 8 / 2 5 6 / 5 1 2 - Mb i t )

1 82 3 4 5 6 7

Easy BGA
Top View- Ball side down

Easy BGA
Bottom View- Ball side up

18 234567
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RFUDQ8 DQ1 DQ9 DQ4DQ3 DQ15CLK

RFU OE#DQ0 DQ10 DQ12DQ11 WAITADV#

WE#A23 RFU DQ2 DQ5VCCQ DQ14DQ6
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RFUVSSVCCDQ13 VSSDQ7A24 VSS
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No t es:
1. A22 is valid for  128-Mbit  densit ies and above;  otherwise,  it  is a no connect  (NC) .
2. A23 is valid for  256-Mbit  densit ies and above;  otherwise,  it  is a no connect  (NC) .
3. A24 is valid for  512-Mbit  densit ies and above;  otherwise,  it  is a no connect  (NC) .
4. F2-CE#  and F2-OE#  are no connect  (NC)  for  all densit ies.

Fig u r e 8 : 8 8 - Ba l l  ( 8 0 - Act iv e Bal l )  QUAD+  SCSP Bal lou t

Pin 1

1 2 3 4 5 6 7 8

A DU DU Depop Depop Depop Depop DU DU A

B A4 A18 A19 VSS VCC VCC A21 A11 B

C A5 RFU A23 VSS RFU CLK A22 A12 C

D A3 A17 A24 VPP RFU RFU A9 A13 D

E A2 A7 RFU WP# ADV# A20 A10 A15 E

F A1 A6 RFU RST# WE# A8 A14 A16 F

G A0 DQ8 DQ2 DQ10 DQ5 DQ13 WAIT F2-CE# G

H RFU DQ0 DQ1 DQ3 DQ12 DQ14 DQ7 F2-OE# H

J RFU F1-OE# DQ9 DQ11 DQ4 DQ6 DQ15 VCCQ J

K F1-CE# RFU RFU RFU RFU VCC VCCQ RFU K

L VSS VSS VCCQ VCC VSS VSS VSS VSS L

M DU DU Depop Depop Depop Depop DU DU M

1 2 3 4 5 6 7 8
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4 .0 Sig n als

This sect ion has signal descr ipt ions for the var ious P30 packages.

Tab le 8 : TSOP an d  Easy  BGA Sig n al  Descr ip t ion s ( Sh eet  1  o f  2 )

Sy m b o l Ty p e Nam e an d  Fu n ct i on

A[ MAX: 1] I nput
ADDRESS I NPUTS:  Device address inputs. 64-Mbit :  A[ 22: 1] ;  128-Mbit :  A[ 23: 1] ;  256-Mbit :  
A[ 24: 1] ;  512-Mbit :  A[ 25: 1] .  Note:  The v ir tual select ion of t he 256-Mbit  “Top parameter”  die in t he 
dual-die 512-Mbit  configurat ion is accom plished by set t ing A[ 25]  high (VI H) .

DQ[ 15: 0]
I nput /
Output

DATA I NPUT/ OUTPUTS:  I nputs data and com mands dur ing wr it e cycles;  outputs data dur ing 
m em ory, Status Register, Protect ion Register, and Read Configurat ion Register reads. Data balls f loat  
when the CE#  or  OE#  are deasser ted. Data is internally latched dur ing wr it es.

ADV# I nput

ADDRESS VALI D :  Act ive low input .  Dur ing synchronous read operat ions, addresses are lat ched on 
the r ising edge of  ADV# , or  on the nex t  valid CLK edge with ADV#  low, whichever  occurs first .  

I n asynchronous m ode, the address is lat ched when ADV#  going high or cont inuously flows through 
if ADV#  is held low. 

WARNING:  Designs not  using ADV#  must  t ie it  t o VSS to allow addresses to flow through.

CE# I nput

FLASH CHI P ENABLE:  Act ive low input .  CE#  low select s t he associated f lash memory die. When 
asser ted, f lash internal cont rol logic,  input  buffers,  decoders,  and sense amplifiers are act ive.  When 
deasser ted, t he associated flash die is deselected,  power is reduced to standby levels,  data and 
WAI T outputs are placed in high-Z state.  

WARNING:  Chip enable m ust  be dr iven high when device is not  in use.

CLK I nput

CLOCK:  Synchronizes t he device with t he system ’s bus frequency in synchronous-read m ode. During 
synchronous read operat ions,  addresses are lat ched on the r ising edge of  ADV# , or  on t he nex t  valid 
CLK edge with ADV#  low, whichever  occurs first .

WARNING:  Designs not  using CLK for  synchronous read m ode m ust  t ie it  to VCCQ or  VSS.

OE# I nput
OUTPUT ENABLE:  Act ive low  input . OE#  low enables t he dev ice’s output  data buffers during read 
cycles.  OE#  high places the data outputs and WAIT in High-Z.  

RST# I nput
RESET:  Act ive low input .  RST#  resets internal automat ion and inhibit s wr it e operat ions.  This 
prov ides data protect ion dur ing power t ransit ions. RST#  high enables norm al operat ion. Exit  from  
reset  places the device in asynchronous read array  mode.

WAI T Output

W AI T:  I ndicates data valid in synchronous array  or  non-array  burst  reads.  Read Conf igurat ion 
Register  bit  10 (RCR[ 10] ,  WT)  determ ines its polarity  when asser ted. WAI T’s act ive output  is VOL or  
VOH when CE#  and OE#  are VI L. WAI T is high-Z if CE#  or OE#  is VIH.  

• I n synchronous array or  non-array read m odes,  WAIT indicates invalid data when asser ted and 
valid data when deasser ted.

• I n asynchronous page mode, and all wr it e modes, WAI T is deasser ted.

WE# I nput
W RI TE ENABLE:  Act ive low  input .  WE#  cont rols w rites to the dev ice. Address and data are lat ched 
on the r ising edge of WE# .

WP# I nput
W RI TE PROTECT:  Act ive low input .  WP#  low enables the lock-down mechanism . Blocks in lock-
down cannot  be unlocked with t he Unlock com mand. WP#  high overrides the lock-down funct ion 
enabling blocks t o be erased or program m ed using sof tware com m ands.

VPP
Power/
I nput

Er ase an d  Pr o g r am  Po w er :  A valid voltage on this pin allows erasing or programm ing. Memory 
contents cannot  be altered when VPP ≤ VPPLK.  Block erase and program at  invalid VPP volt ages should 
not  be at t em pted.

Set  VPP =  VPPL for  in- system  program  and erase operat ions.  To accom modate resistor or diode drops 
from  the system  supply,  the VIH level of VPP can be as low as VPPL m in.  VPP m ust  rem ain above VPPL 
m in t o per form  in- system  flash m odificat ion. VPP m ay be 0 V dur ing read operat ions.

VPPH can be applied to main blocks for  1000 cycles m ax im um and to parameter  blocks for  2500 
cycles.  VPP can be connected to 9 V for a cum ulat ive t otal not  t o exceed 80 hours.  Extended use of 
t his pin at  9 V m ay reduce block cycling capabilit y.

VCC Power
Dev ice  Co r e  Pow er  Su p p ly :  Core ( logic)  source voltage. Writes t o the flash array are inhibited 
when VCC ≤ VLKO. Operat ions at  invalid VCC volt ages should not  be at tem pted.

VCCQ Power Ou t p u t  Po w er  Su p p ly :  Output-driver  source voltage.  

VSS Power Gr o u n d :  Connect  t o system  ground. Do not  float  any VSS connect ion.
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RFU —
Reser v ed  fo r  Fu t u r e  Use:  Reserved by  Numonyx for  future dev ice funct ionalit y and enhancem ent . 
These should be t reated in t he sam e way as a Do Not  Use (DU)  signal.

DU — Do  No t  Use:  Do not  connect  to any other  signal, or  power supply ;  m ust  be left  f loat ing.

NC — No  Co n n ect :  No internal connect ion;  can be driven or  floated.

Tab le  8 : TSOP an d  Easy  BGA Sig n a l  Descr ip t io n s ( Sh ee t  2  o f  2 )

Sy m b o l Ty p e Nam e an d  Fu n ct i o n

Tab le  9 : QUAD+  SCSP Sig n al  Descr ip t i on s ( Sh eet  1  o f  2 )

Sy m b o l Ty p e Nam e an d  Fu n ct i o n

A[ MAX: 0] Input
ADDRESS I NPUTS:  Device address inputs.  64-Mbit :  A[ 21: 0] ;  128-Mbit :  A[ 22: 0] ;  256-Mbit :  
A[ 23: 0] ;  512-Mbit :  A[ 24: 0] . Note:  The virt ual select ion of t he 256-Mbit  “Top param eter”  die in the 
dual- die 512-Mbit  configurat ion is accomplished by set t ing A[ 25]  high (VIH) .

DQ[ 15: 0]
I nput /
Output

DATA I NPUT/ OUTPUTS:  I nputs data and com m ands dur ing write cycles;  outputs data dur ing 
memory,  Status Register,  Protect ion Register,  and Read Configurat ion Register  reads.  Data balls float  
when the CE#  or  OE#  are deasserted.  Data is internally  lat ched dur ing writes.

ADV# Input

ADDRESS VALI D:  Act ive low input .  Dur ing synchronous read operat ions,  addresses are latched on 
the r ising edge of ADV# , or on t he next  valid CLK edge with ADV#  low, whichever occurs first . 

I n asynchronous m ode, the address is latched when ADV#  going high or  cont inuously flows through 
if ADV#  is held low. 

WARNI NG:  Designs not  using ADV#  m ust  t ie it  to VSS to allow addresses to f low through.

F1-CE# Input

FLASH CHI P ENABLE:  Act ive low  input . CE#  low selects t he associated flash m em ory  die.  When 
asser ted,  flash internal cont rol logic, input  buffers, decoders, and sense am plifiers are act ive.  When 
deasser ted,  the associated flash die is deselected, power is reduced to standby levels,  data and 
WAIT outputs are placed in high-Z state. 

WARNI NG:  Chip enable must  be dr iven high when dev ice is not  in use.

CLK Input

CLOCK:  Synchronizes t he device w it h the system ’s bus frequency in synchronous- read m ode. Dur ing 
synchronous read operat ions, addresses are lat ched on the r ising edge of ADV# , or  on the next  valid 
CLK edge with ADV#  low, whichever occurs first .

WARNI NG:  Designs not  using CLK for  synchronous read mode m ust  t ie it  t o VCCQ or  VSS.

F1-OE# Input
OUTPUT ENABLE:  Act ive low input .  OE#  low enables the device’s output  data buffers dur ing read 
cycles. OE#  high places the data outputs and WAI T in High-Z. 

RST# Input
RESET:  Act ive low  input . RST#  resets internal autom at ion and inhibits w rite operat ions. This 
provides data protect ion dur ing power t ransit ions.  RST#  high enables normal operat ion.  Ex it  from  
reset  places the dev ice in asynchronous read array m ode.

WAIT Output

W AI T:  I ndicates data valid in synchronous array or  non-array burst  reads.  Read Configurat ion 
Register  bit  10 (RCR[ 10] , WT) determ ines it s polar it y when asser ted.  WAIT’s act ive output  is VOL or 
VOH when CE#  and OE#  are VI L. WAI T is high- Z if CE#  or  OE#  is VI H.  

• I n synchronous array  or non-array  read modes, WAI T indicates invalid data when asser ted and 
valid data when deasser ted.

• I n asynchronous page m ode, and all w rite modes,  WAIT is deasser ted.

WE# Input
W RI TE EN ABLE:  Act ive low input . WE#  controls wr it es t o t he device.  Address and data are lat ched 
on the rising edge of WE# .

WP# Input
W RI TE PROTECT:  Act ive low input . WP#  low enables t he lock-down m echanism . Blocks in lock-
down cannot  be unlocked w ith the Unlock com mand. WP#  high overr ides t he lock-down funct ion 
enabling blocks to be erased or  program med using software com mands.

VPP
Power/
lnput

Er ase an d  Pr o g r am  Pow er :  A valid volt age on this pin allows erasing or  program ming.  Mem ory 
contents cannot  be alt ered when VPP ≤ VPPLK. Block erase and program  at  invalid VPP voltages should 
not  be at tempted.

Set  VPP =  VPPL for  in- system  program and erase operat ions. To accomm odate resistor  or  diode drops 
from  the system supply, t he VI H level of  VPP can be as low as VPPL m in. VPP m ust  rem ain above VPPL 
m in to per form  in-system f lash modificat ion. VPP may be 0 V during read operat ions.

VPPH can be applied t o main blocks for  1000 cycles maximum  and to param eter blocks for 2500 
cycles.  VPP can be connected to 9 V for  a cumulat ive total not  to exceed 80 hours. Extended use of 
this pin at  9 V may reduce block  cycling capability.
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4 .1 Du a l - Die Co n f ig u r at i on s

Note: Am ax =  Vih selects the Top param eter Die;  Am ax  =  Vil selects the Bot tom  Param eter Die.

VCC Power
Dev ice  Co r e  Pow er  Su p p ly :  Core ( logic)  source voltage. Writes t o the flash array are inhibited 
when VCC ≤ VLKO. Operat ions at  invalid VCC volt ages should not  be at tem pted.

VCCQ Power Ou t p u t  Po w er  Su p p ly :  Output-driver  source voltage.  

VSS Power Gr o u n d :  Connect  t o system  ground. Do not  float  any VSS connect ion.

RFU —
Reser v ed  f o r  Fu t u r e  Use:  Reserved by Num onyx for future device funct ionality  and enhancement.  
These should be t reated in the same way as a Do Not Use (DU)  signal.

DU — Do  N ot  Use:  Do not  connect  t o any  other signal,  or  power supply;  m ust  be left  float ing.

NC — N o Co n n ect :  No internal connect ion;  can be dr iven or  floated.

Tab le 9 : QUAD+  SCSP Si g n a l  Descr ip t io n s ( Sh ee t  2  o f  2 )

Sy m b o l Ty p e Nam e an d  Fu n ct i on

Fig u r e  9 : 5 1 2 - Mb i t  Easy  BGA an d  TSOP To p  o r  Bo t t om  Par am et er  Blo ck  Di ag r am

Top Param Die

(256-Mbit)

Bottom Param Die

(256-Mbit)

WP#

CLK

CE#

ADV#

OE#

WAIT

WE#

RST#

VCC

VPP

DQ[15:0]
A[MAX:1]

VCCQ

VSS

Easy BGA & TSOP  512-Mbit (Dual-Die) Top or Bottom Parameter 

Configuration

Fig u r e  1 0 : 5 1 2 - Mb i t  QUAD+  SCSP Top  o r  Bo t t o m  Par am et e r  Bl ock  D iag r am

Top Param Die

(256-Mbit)

Bottom Param Die

(256-Mbit)

WP#

CLK

F1-CE#

ADV#

OE#

WAIT

WE#

RST#

VCC

VPP

DQ[15:0]
A[MAX:0]

VCCQ

VSS

QUAD+ 512-Mbit (Dual-Die) Top or Bottom Parameter 

Configuration



August  2008 Datasheet
Order Num ber:  306666-12 21

P3 0

5 .0 Bu s Op er at ion s

CE#  low and RST#  high enable device read operat ions. The device internally  decodes 
upper address inputs to determ ine the accessed block. ADV#  low opens the internal 
address lat ches. OE#  low act ivates the outputs and gates selected data onto the I / O 
bus.  

I n asynchronous m ode, t he address is latched when ADV#  goes high or cont inuously 
flows through if ADV#  is held low. I n synchronous m ode, the address is lat ched by the 
first  of eit her the r ising ADV#  edge or t he next  valid CLK edge with ADV#  low (WE#  
and RST#  m ust  be VI H;  CE#  m ust  be VI L) .

Bus cycles to/ from  the P30 dev ice conform  to standard m icroprocessor bus operat ions. 
Table 10 sum m arizes the bus operat ions and the logic levels that  m ust  be applied to 
the dev ice control signal inputs.

5 .1 Reads

To perform  a read operat ion, RST#  and WE#  m ust  be deasserted while CE#  and OE#  
are asserted. CE#  is t he device-select  cont rol.  When asserted, it  enables the f lash 
m em ory device. OE#  is t he data-output  cont rol.  When asserted, the addressed f lash 
m em ory data is dr iven onto the I / O bus.

5 .2 W r i t es

To perform  a writ e operat ion, both CE#  and WE#  are asserted while RST#  and OE#  are 
deasserted.  Dur ing a writ e operat ion, address and data are latched on the r ising edge 
of WE#  or CE# , whichever occurs f irst . Table 12, “Com m and Bus Cycles”  on page 25 
shows the bus cycle sequence for each of t he supported device com m ands, while 
Table 11, “ Com m and Codes and Definit ions”  on page 23 describes each com m and. See 
Sect ion 15.0,  “AC Character ist ics”  on page 54 for signal- t im ing details.

Note: Write operat ions with invalid VCC and/ or VPP volt ages can produce spurious result s and should 
not  be at tem pted.

5 .3 Ou t p u t  Disab le

When OE#  is deasserted, device outputs DQ[ 15: 0]  are disabled and placed in a high-
im pedance ( High-Z)  state, WAI T is also placed in High-Z. 

Tab le  1 0 : Bu s Op er a t io n s Su m m ar y

Bu s Op er a t i on RST# CLK ADV# CE# OE# W E# W AI T
DQ[ 1 5 :0

]
No t es

Read
Asynchronous VI H X L L L H Deasser ted Output

Synchronous VI H Running L L L H Driven Output

Writ e VI H X L L H L High-Z I nput 1

Output  Disable VI H X X L H H High-Z High-Z 2

Standby VI H X X H X X High-Z High-Z 2

Reset VI L X X X X X High-Z High-Z 2,3

No t es :
1. Refer  t o the Table 12, “ Com m and Bus Cycles”  on page 25  for  valid DQ[ 15: 0]  during a wr it e 

operat ion.
2. X =  Don’t  Care (H or L) .
3. RST#  m ust  be at  VSS ±  0.2 V to meet  t he m ax im um  specified power-down current .
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5 .4 St an db y

When CE#  is deasserted the device is deselected and placed in standby,  substant ially 
reducing power consum pt ion. I n standby,  t he data outputs are placed in High-Z, 
independent  of the level placed on OE# . Standby current , ICCS,  is the average current  
m easured over any 5 m s t im e interval, 5 µs after CE#  is deasserted. During standby,  
average current  is m easured over the sam e t im e interval 5 µs after CE#  is deasserted.

When the device is deselected (while CE#  is deasserted)  dur ing a program  or erase 
operat ion, it  cont inues to consum e act ive power unt il the program  or erase operat ion is 
com pleted. 

5 .5 Reset

As with any autom ated dev ice, it  is im portant  to assert  RST#  when the system  is reset . 
When the system  com es out  of reset , t he system  processor at tem pts to read from  the 
f lash m em ory if it  is t he system  boot  device. I f  a CPU reset  occurs with no f lash 
m em ory reset , im proper CPU init ializat ion m ay occur because the flash m em ory m ay 
be providing status inform at ion rather than array data.  Flash m em ory dev ices from  
Num onyx allow proper CPU init ializat ion following a system  reset  t hrough the use of the 
RST#  input . RST#  should be controlled by the sam e low- t rue reset  signal t hat  resets 
the system  CPU.

After init ial power-up or reset , t he device defaults to asynchronous Read Array m ode, 
and the Status Register is set  t o 0x80. Assert ing RST#  de-energizes all internal 
circuits, and places the output  dr ivers in High-Z. When RST#  is asserted, t he device 
shuts down the operat ion in progress, a process which takes a m inim um  am ount  of 
t im e to com plete. When RST#  has been deasserted, the dev ice is reset  to 
asynchronous Read Array state.

Note: I f RST#  is asserted dur ing a program  or erase operat ion, t he operat ion is term inated and the 
m em ory contents at  the aborted locat ion ( for a program )  or block ( for an erase)  are no longer 
valid, because the data m ay have been only part ially wr it t en or erased.

When returning from  a reset  ( RST#  deasserted) , a m inim um  wait  is required before the 
init ial read access outputs valid data. Also, a m inim um  delay is required after a reset  
before a writ e cycle can be init iated. After th is wake- up interval passes, norm al 
operat ion is restored. See Sect ion 15.0, “AC Character ist ics”  on page 54 for details 
about  signal- t im ing.
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6 .0 Com m an d  Set

6 .1 Dev ice Com m an d  Cod es

The system  CPU provides control of all in-system  read, write,  and erase operat ions of 
the dev ice via the system  bus. The on-chip Write State Machine (WSM) m anages all 
block-erase and word- program  algor it hm s.

Dev ice com m ands are writ ten to the Com m and User I nterface (CUI )  to cont rol all f lash 
m em ory device operat ions. The CUI  does not  occupy an addressable m em ory locat ion;  
it  is the m echanism  through which the f lash device is cont rolled.

Tab le  1 1 : Com m an d  Co d es an d  De f in i t ion s ( Sh eet  1  o f  2 )

Mod e Co d e Dev ice  Mod e Descr ip t i o n

Read

0xFF Read Array Places the device in Read Array  m ode. Array data is output  on DQ[ 15: 0] .

0x70
Read Status 
Register

Places the device in Read Status Register  m ode. The dev ice enters t his m ode 
after  a program  or erase com mand is issued.  Status Register  data is output  
on DQ[ 7: 0] .

0x90
Read Dev ice ID 
or  Configurat ion 
Register

Places device in Read Dev ice I dent ifier  m ode. Subsequent  reads output  
m anufacturer / device codes,  Conf igurat ion Register data, Block Lock  status,  
or  Protect ion Register data on DQ[ 15: 0] .

0x98 Read CFI
Places the dev ice in Read CFI  mode. Subsequent  reads output  Comm on Flash 
I nter face informat ion on DQ[ 7: 0] .

0x50
Clear  Status 
Register

The WSM can only  set  Status Register  error bits.  The Clear  Status Register  
comm and is used t o clear the SR error  bit s.

Wr it e 0x40
Word Program  
Setup

First  cycle of a 2- cycle programm ing com mand;  prepares t he CUI  for  a wr it e 
operat ion.  On the next  wr it e cycle,  the address and data are lat ched and the 
WSM executes t he programm ing algor it hm  at  the addressed locat ion.  Dur ing 
program  operat ions,  t he dev ice responds only t o Read Status Register  and 
Program Suspend com mands.  CE#  or OE#  must  be toggled to update t he 
Status Register  in asynchronous read. CE#  or  ADV#  m ust  be t oggled to 
update the Status Register Data for  synchronous Non-array  reads.  The Read 
Array com mand m ust  be issued to read array data aft er  program ming has 
finished.

Writ e

0x10
Alternate Word 
Program Setup

Equivalent  t o t he Word Program  Setup com mand, 0x40. 

0xE8 Buffered Program  
This com m and loads a variable number of words up to the buffer size of  32 
words onto the program  buffer. 

0xD0
Buffered Program  
Confirm

The conf irm  com mand is I ssued aft er  t he data st ream ing for writ ing into t he 
buffer  is done.  This instructs t he WSM to per form  the Buffered Program  
algorithm , wr it ing t he data from  the buf fer  t o the flash m em ory  array.

0x80 BEFP Setup

First  cycle of a 2-cycle com mand;  init iates Buffered Enhanced Factory 
Program  m ode (BEFP).  The CUI  then wait s for  t he BEFP Confirm  com m and, 
0xD0, t hat  init iates the BEFP algorithm . All other  comm ands are ignored 
when BEFP mode begins.

0xD0 BEFP Confirm
I f the previous com mand was BEFP Setup ( 0x80) , t he CUI  lat ches the 
address and data, and prepares the device for  BEFP m ode.
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6 .2 Dev ice Co m m an d  Bu s Cy cles

Device operat ions are init iated by writ ing specif ic device com m ands to the Com m and 
User I nterface (CUI ) . Several com m ands are used to m odify array  data including Word 
Program  and Block Erase com m ands. Writ ing eit her com m and to the CUI  init iates a 
sequence of internally- t im ed funct ions that  culm inate in t he com plet ion of the 
requested task. However,  the operat ion can be aborted by eit her assert ing RST#  or by  
issuing an appropriate suspend com m and.

Erase

0x20 Block Erase Setup

First  cycle of a 2- cycle comm and;  prepares the CUI  for  a block-erase 
operat ion.  The WSM per form s the erase algor it hm on the block addressed by 
the Erase Confirm  com mand. I f the nex t  com mand is not  t he Erase Conf irm  
(0xD0)  comm and, t he CUI  sets Status Register  bit s SR[ 4]  and SR[ 5] , and 
places the device in read status register  m ode.

0xD0 Block Erase Confirm

I f t he f irst  com mand was Block Erase Setup (0x20) ,  the CUI  lat ches the 
address and data,  and the WSM erases the addressed block . Dur ing block-
erase operat ions,  t he device responds only t o Read Status Register and Erase 
Suspend com mands.  CE#  or  OE#  m ust  be t oggled to update t he Status 
Register  in asynchronous read. CE#  or ADV#  m ust  be toggled to update the 
Status Register Data for  synchronous Non-array reads

Suspend

0xB0
Program  or  Erase 
Suspend

This com mand issued to any  device address init iates a suspend of t he 
current ly-execut ing program  or block  erase operat ion.  The Status Register 
indicates successful suspend operat ion by  set t ing eit her  SR[ 2]  ( program  
suspended) or SR[ 6]  ( erase suspended),  along w it h SR[ 7]  ( ready) .  The Writ e 
State Machine rem ains in t he suspend mode regardless of control signal 
states ( except  for  RST#  asser ted) .

0xD0 Suspend Resume
This com mand issued to any  dev ice address resum es the suspended program 
or  block-erase operat ion.

Block  Locking/  
Unlock ing

0x60 Lock Block  Setup

First  cycle of a 2- cycle comm and;  prepares the CUI  for  block lock  
configurat ion changes.  I f t he next  comm and is not  Block Lock (0x01) , Block  
Unlock ( 0xD0) ,  or  Block Lock-Down (0x2F) , the CUI  set s Status Register  bits 
SR[ 4]  and SR[ 5] ,  indicat ing a comm and sequence error.

0x01 Lock Block
I f t he prev ious comm and was Block  Lock Setup (0x60) ,  the addressed block 
is locked.

0xD0 Unlock Block
I f t he prev ious comm and was Block  Lock Setup (0x60) ,  the addressed block 
is unlocked. I f t he addressed block  is in a lock-down state,  the operat ion has 
no effect .

0x2F Lock-Down Block
I f t he prev ious comm and was Block  Lock Setup (0x60) ,  the addressed block 
is locked down.

Protect ion 0xC0
Program  Protect ion 
Register  Setup

First  cycle of a 2- cycle comm and;  prepares the device for  a Protect ion 
Register  or  Lock Register  program  operat ion.  The second cycle latches the 
register  address and data,  and star ts the program ming algor ithm

Configurat ion

0x60
Read Conf igurat ion 
Register  Setup

First  cycle of a 2- cycle comm and;  prepares the CUI  for  device read 
configurat ion. I f the Set  Read Configurat ion Register  comm and (0x03)  is not  
the next  comm and, the CUI  set s Status Register bits SR[ 4]  and SR[ 5] , 
indicat ing a comm and sequence error.

0x03
Read Conf igurat ion 
Register

I f the prev ious com mand was Read Configurat ion Register  Setup (0x60) , t he 
CUI  latches the address and wr it es A[ 15: 0]  to t he Read Configurat ion 
Register.  Follow ing a Configure Read Configurat ion Register  comm and, 
subsequent  read operat ions access array data.

Tab le 1 1 : Com m an d  Cod es an d  Def in i t io n s ( Sh ee t  2  o f  2 )

Mo d e Co d e Dev ice  Mo d e Descr ip t io n
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Tab le  1 2 : Com m an d  Bu s Cy cles

Mo d e Com m an d
Bu s

Cy cles

Fi r st  Bu s Cy cle Secon d  Bu s Cy cle

Op er Ad d r ( 1 ) Dat a ( 2 ) Op er Ad d r ( 1 ) Dat a ( 2 )

Read

Read Array 1 Writ e DnA 0xFF - - -

Read Device I dent ifier ≥ 2 Writ e DnA 0x90 Read DBA +  IA I D

Read CFI ≥ 2 Writ e DnA 0x98 Read
DBA +  CFI -

A
CFI -D

Read Status Register 2 Writ e DnA 0x70 Read DnA SRD

Clear Status Register 1 Writ e DnA 0x50 - - -

Pr o g r am

Word Program 2 Writ e WA
0x40/
0x10

Writ e WA WD

Buffered Program ( 3 ) > 2 Writ e WA 0xE8 Writ e WA N -  1

Buffered Enhanced Factory 
Program  (BEFP) ( 4 ) > 2 Writ e WA 0x80 Writ e WA 0xD0

Er ase Block Erase 2 Writ e BA 0x20 Writ e BA 0xD0

Su sp en d
Program / Erase Suspend 1 Writ e DnA 0xB0 - - -

Program / Erase Resum e 1 Writ e DnA 0xD0 - - -

Block
Lo ck in g /  
Un lock in g

Lock Block 2 Writ e BA 0x60 Writ e BA 0x01

Unlock  Block 2 Writ e BA 0x60 Writ e BA 0xD0

Lock-down Block 2 Writ e BA 0x60 Writ e BA 0x2F

OTP Reg ist e r
Program OTP Register 2 Write PRA 0xC0 Write OTP-RA OTP-D

Program Lock Register 2 Write LRA 0xC0 Write LRA LRD

Co n f ig u r a t i o n
Program  Read Configurat ion 
Register

2 Write RCD 0x60 Write RCD 0x03

No t es :
1. First  com mand cycle address should be the sam e as t he operat ion’s target  address.

DBA =  Dev ice Base Address (NOTE:  needed for dual-die 512 Mb device)
DnA =  Address within the device.
IA =  I dent ificat ion code address offset .
CFI -A =  Read CFI  address offset .
WA =  Word address of m em ory  locat ion to be writ t en.
BA =  Address w it hin the block.
OTP-RA =  Protect ion Register  address.
LRA =  Lock  Register  address.
RCD =  Read Configurat ion Register  data on QUAD+  A[ 15: 0]  or  EASY BGA A[ 16: 1] .

2. ID =  I dent ifier  data.
CFI -D =  CFI  data on DQ[ 15: 0] .
SRD =  Status Register  data.
WD =  Word data.
N =  Word count  of data to be loaded into t he wr it e buffer.
OTP-D =  Protect ion Register  data.
LRD =  Lock  Register  data.

3. The second cycle of t he Buf fered Program Com mand is t he word count  of  the data to be loaded into the write buffer. This 
is followed by up to 32 words of data.Then the conf irm  com mand (0xD0) is issued,  t rigger ing the array programm ing 
operat ion.

4. The confirm  com mand (0xD0) is followed by t he buffer  data.



P3 0

Datasheet August  2008
26 306666-12

7 .0 Read  Op er at ion

The device supports two read m odes:  asynchronous page m ode and synchronous burst  
m ode. Asynchronous page m ode is the default  read m ode after device power-up or a 
reset . The Read Configurat ion Register m ust  be configured to enable synchronous burst  
reads of the f lash m em ory array (see Sect ion 11.2, “ Read Configurat ion Register”  on 
page 40) . 

The device can be in any of four read states:  Read Array, Read Ident if ier, Read Status 
or Read CFI . Upon power-up, or after a reset , the dev ice default s to Read Array. To 
change the read state,  t he appropr iate read com m and m ust  be writ t en to the device 
(see Sect ion 6.0,  “Com m and Set ”  on page 23) . 

7 .1 Asy n ch r o n ou s Pag e- Mod e Read

Following a device power-up or reset , asynchronous page m ode is the default  read 
m ode and the dev ice is set  t o Read Array. However,  t o perform  array reads after any 
other dev ice operat ion (e.g. writ e operat ion) , t he Read Array com m and m ust  be issued 
in order t o read from  the f lash m em ory array.

Note: Asynchronous page-m ode reads can only be perform ed when Read Configurat ion Register bit  
RCR[ 15]  is set  (see Sect ion 11.2, “Read Configurat ion Register ”  on page 40).

To perform  an asynchronous page-m ode read, an address is dr iven onto the Address 
bus, and CE#  and ADV#  are asserted. WE#  and RST#  m ust  already have been 
deasserted. WAIT is deasserted dur ing asynchronous page m ode. ADV#  can be dr iven 
high to lat ch the address, or it  m ust  be held low throughout  the read cycle. CLK is not  
used for asynchronous page-m ode reads,  and is ignored. I f only asynchronous reads 
are to be perform ed, CLK should be t ied to a valid VI H level, WAI T signal can be floated 
and ADV#  m ust  be t ied to ground. Array data is dr iven onto DQ[ 15: 0]  after an init ial 
access t im e tAVQV delay. (see Sect ion 15.0, “AC Character ist ics”  on page 54) .

I n asynchronous page mode,  four data words are “ sensed”  sim ultaneously  from  the f lash 
m em ory array and loaded into an internal page buffer. The buffer word corresponding 
to the init ial address on the Address bus is dr iven onto DQ[ 15: 0]  after the init ial access 
delay. The lowest  two address bits determ ine which word of t he 4-word page is output  
from  the data buffer at  any given t im e.

7 .2 Sy n ch r o n o u s Bu r st - Mo d e Read

To perform  a synchronous burst - read, an init ial address is dr iven onto the Address bus, 
and CE#  and ADV#  are asserted. WE#  and RST#  m ust  already have been deasserted. 
ADV#  is asserted,  and then deasserted to latch the address. Alternately,  ADV#  can 
rem ain asserted throughout  t he burst  access, in which case the address is latched on 
the next  valid CLK edge while ADV#  is asserted.

During synchronous array and non-array read m odes, the f irst  word is output  from  the 
data buffer on the next  valid CLK edge after t he in it ial access latency delay (see Sect ion 
11.2.2, “Latency Count ”  on page 41) . Subsequent  data is output  on valid CLK edges 
following a m inim um  delay. However, for a synchronous non-array read, the sam e word 
of data will be output  on successive clock edges unt il the burst  length requirem ents are 
sat isfied.  Refer to the following waveform s for m ore detailed inform at ion:

• Figure 24, “ Synchronous Single-Word Array or Non-array Read Tim ing”  on page 60

• Figure 25, “ Cont inuous Burst  Read, Showing An Output  Delay Tim ing”  on page 61

• Figure 26, “ Synchronous Burst-Mode Four-Word Read Tim ing”  on page 61
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7 .3 Read  Dev ice I d en t i f ier

The Read Device Ident if ier  com m and inst ructs the device to output  m anufacturer code, 
device ident if ier  code, block- lock status, protect ion register data, or configurat ion 
register data. 

7 .4 Read  CFI

The Read CFI  com m and inst ructs the dev ice to output  Com m on Flash Interface ( CFI )  
data when read. See Sect ion 6.0, “ Com m and Set ”  on page 23 for details on issuing the 
Read CFI  com m and. Appendix  A, “ Com m on Flash I nterface Tables”  on page 69 shows 
CFI  inform at ion and address offsets within the CFI  database.

Tab le  1 3 : Dev i ce I d en t i f i er  I n f o r m a t ion

I t em Ad d r ess ( 1 ) Dat a

Manufacturer  Code 0x00 0089h

Dev ice ID Code 0x01 I D

Block Lock Configurat ion:

BBA +  0x02

Lock Bit :

• Block  I s Unlocked DQ0  =  0b0

• Block  I s Locked DQ0  =  0b1

• Block  I s not  Locked- Down DQ1  =  0b0

• Block  I s Locked-Down DQ1  =  0b1

Read Configurat ion Register  0x05 RCR Contents

Lock Register  0 0x80 PR-LK0

64-bit  Factory-Program med Protect ion Regist er 0x81–0x84 Factory Protect ion Register  Data

64-bit  User-Programm able Protect ion Register 0x85–0x88 User Protect ion Register  Data

Lock Register  1 0x89 PR-LK1

128-bit  User-Program mable Protect ion Registers 0x8A–0x109 Protect ion Register  Data 

No t es :
1. BBA =  Block  Base Address.

Tab le  1 4 : Dev i ce I D co d es

I D  Co d e Ty p e Dev ice Den s i t y  

Dev i ce  I d en t i f i e r  Cod es

– T
( To p  Par am et er )

– B
( Bo t t om  Par am et er )

Device Code

64-Mbit 8817 881A

128-Mbit 8818 881B

256-Mbit 8919 891C

No t e : The 512-Mbit  devices do not  have a Device I D associated with t hem . Each die within the stack can be ident if ied by 
either of the 256-Mbit  Device I D codes depending on it s parameter  opt ion.
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8 .0 Pr o g r am  Op er at ion

The device support s t hree program m ing m ethods:  Word Program m ing (40h/ 10h) , 
Buffered Program m ing (E8h, D0h) , and Buffered Enhanced Factory Program m ing (80h, 
D0h) . See 
Sect ion 5.0, “ Bus Operat ions”  on page 21 for details on the var ious program m ing 
com m ands issued to the dev ice. The following sect ions describe device program m ing in 
detail.

Successful program m ing requires the addressed block to be unlocked. I f  the block is 
locked down, WP#  m ust  be deasserted and the block m ust  be unlocked before 
at tem pt ing to program  the block. At tem pt ing to program  a locked block causes a 
program  error ( SR[ 4]  and SR[ 1]  set )  and term inat ion of t he operat ion. See Sect ion 
10.0, “Secur ity Modes”  on page 36 for details on locking and unlock ing blocks.

The Product  Nam e is segm ented into m ult iple 8-Mbit  Program m ing Regions. See 
Sect ion 1.4,  “Mem ory Maps”  on page 6 for com plete addressing. Execute in Place (XI P)  
applicat ions m ust  part it ion the m em ory such that  code and data are in separate 
program m ing regions. XI P is execut ing code direct ly from  flash m em ory. Each 
Program m ing Region should contain only code or data but  not  both. The following 
term s define the difference between code and data. System  designs m ust  use these 
definit ions when part it ioning their  code and data for the P30 device.

• Code:  Execut ion code ran out  of t he flash device on a cont inuous basis in t he 
system .

• Data:  I nform at ion per iodically  program m ed into the flash device and read back 
(e.g. execut ion code shadowed and executed in RAM, pictures, log f iles,  etc.) .

8 .1 W o r d  Pr o g r am m in g

Word program m ing operat ions are init iated by writ ing the Word Program  Setup 
com m and to the device (see Sect ion 5.0,  “ Bus Operat ions”  on page 21) . This is 
followed by a second write to the device w ith the address and data to be program m ed. 
The device outputs Status Register data when read. See Figure 34, “Word Program  
Flowchart ”  on page 79.  VPP m ust  be above VPPLK,  and w ithin the specif ied VPPL m in/
m ax values.

During program m ing, t he Write State Machine (WSM) executes a sequence of 
internally- t im ed events that  program  the desired data bits at  t he addressed locat ion, 
and ver if ies that  the bits are suff icient ly  program m ed. Program m ing the f lash m em ory 
array changes “ones”  t o “ zeros”. Mem ory array bits that  are zeros can be changed to 
ones only  by erasing the block (see Sect ion 9.0,  “ Erase Operat ions”  on page 34) .

The Status Register can be exam ined for program m ing progress and errors by reading 
at  any address.  The device rem ains in the Read Status Register state unt il another 
com m and is wr it ten to the device.

Status Register bit  SR[ 7]  indicates the program m ing status while t he sequence 
executes. Com m ands that  can be issued to the device during program m ing are 
Program  Suspend, Read Status Register, Read Device Ident if ier, Read CFI , and Read 
Array ( this returns unknown data) . 

When program m ing has f inished, Status Register bit  SR[ 4]  (when set)  indicates a 
program m ing failure. I f  SR[ 3]  is set , the WSM could not  perform  the word 
program m ing operat ion because VPP was outside of it s acceptable lim its.  I f SR[ 1]  is set , 
t he word program m ing operat ion at tem pted to program  a locked block, causing the 
operat ion to abort .
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Before issuing a new com m and, the Status Register contents should be exam ined and 
then cleared using the Clear Status Register com m and. Any valid com m and can follow,  
when word program m ing has com pleted.

8 .2 Fact o r y  W or d  Pr o g r am m in g

Factory word program m ing is sim ilar t o word program m ing in that  it  uses the sam e 
com m ands and program m ing algorithm s. However, factory word program m ing 
enhances the program m ing perform ance w ith VPP =  VPPH.  This can enable faster 
program m ing t im es dur ing OEM m anufacturing processes.  Factory  word program m ing 
is not  intended for extended use.  See Sect ion 13.2, “Operat ing Condit ions”  on page 51 
for lim itat ions when VPP =  VPPH.

Note: When VPP =  VPPL,  the device draws program m ing current  from  the VCC supply. I f  VPP is dr iven 
by a logic signal, VPPL m ust  rem ain above VPPL MI N to program  the device.  When VPP =  VPPH,  
the dev ice draws program m ing current  from  the VPP supply. Figure 11, “Exam ple VPP Supply 
Connect ions”  on page 33 shows exam ples of device power supply  configurat ions.

8 .3 Bu f f er ed  Pr o g r am m in g

The device features a 32-word buffer t o enable opt im um  program m ing perform ance. 
For Buffered Program m ing, data is first  wr it t en to an on-chip write buffer. Then the 
buffer data is program m ed into the flash m em ory array in buffer-size increm ents.  This 
can im prove system  program m ing perform ance signif icant ly over non- buffered 
program m ing.

When the Buffered Program m ing Setup com m and is issued (see Sect ion 6.0, 
“Com m and Set ”  on page 23) ,  Status Register inform at ion is updated and reflects the 
availability of t he buffer. SR[ 7]  indicates buffer availability:  if  set , the buffer is 
available;  if  cleared, t he buffer is not  available. To ret ry, issue the Buffered 
Program m ing Setup com m and again, and re-check SR[ 7] . When SR[ 7]  is set , t he 
buffer is ready for loading. (see Figure 36, “Buffer Program  Flowchart ”  on page 81) .

On the next  wr ite, a word count  is wr it ten to the device at  t he buffer address.  This tells 
the dev ice how m any data words will be writ ten to the buffer, up to the m axim um  size 
of the buffer. 

On the next  wr it e, a device start  address is given along w ith the first  data to be writ t en 
to the f lash m em ory array. Subsequent  wr ites provide addit ional device addresses and 
data. All data addresses m ust  lie within the start  address plus the word count . 
Opt im um  program m ing perform ance and lower power usage are obtained by aligning 
the start ing address at  t he beginning of a 32-word boundary (A[ 4: 0]  =  0x00) . Crossing 
a 32-word boundary during program m ing w ill double the total program m ing t im e.

After the last  data is wr it t en to the buffer, t he Buffered Program m ing Confirm  com m and 
m ust  be issued to the or iginal block address. The WSM begins to program  buffer 
contents to the f lash m em ory array. I f  a com m and other than the Buffered 
Program m ing Confirm  com m and is wr it t en to the dev ice, a com m and sequence error 
occurs and Status Register bit s SR[ 7,5,4]  are set . I f  an error occurs while writ ing to the 
array, the device stops program m ing, and Status Register bit s SR[ 7,4]  are set , 
indicat ing a program m ing failure.

When Buffered Program m ing has com pleted, addit ional buffer wr it es can be init iated by 
issuing another Buffered Program m ing Setup com m and and repeat ing the buffered 
program  sequence. Buffered program m ing m ay be perform ed with VPP =  VPPL or  VPPH 
( see Sect ion 13.2, “Operat ing Condit ions”  on page 51 for lim itat ions when operat ing 
the dev ice with VPP =  VPPH) .
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I f  an at tem pt  is m ade to program  past  an erase-block boundary using the Buffered 
Program  com m and,  the device abort s the operat ion. This generates a com m and 
sequence error, and Status Register bit s SR[ 5,4]  are set .

I f  Buffered program m ing is at tem pted while VPP is below VPPLK,  Status Register bits 
SR[ 4,3]  are set . I f any errors are detected that  have set  Status Register bits, t he 
Status Register should be cleared using the Clear Status Register com m and.

8 .4 Bu f f e r ed  En h an ced  Fact o r y  Pr og r am m in g

Buffered Enhanced Factory Program ing (BEFP)  speeds up Mult i-Level Cell (MLC)  f lash 
program m ing. The enhanced program m ing algor ithm  used in BEFP elim inates 
t radit ional program m ing elem ents that  dr ive up overhead in device program m er 
system s.

BEFP consists of t hree phases:  Setup, Program / Verify, and Ex it  (see Figure 37, “BEFP 
Flowchart ”  on page 82) .  I t  uses a write buffer to spread MLC program  perform ance 
across 32 data words. Verificat ion occurs in the sam e phase as program m ing to 
accurately program  the flash m em ory cell to the correct  bit  state.

A single two-cycle com m and sequence program s the ent ire block of data. This 
enhancem ent  elim inates three write cycles per buffer:  two com m ands and the word 
count  for each set  of 32 data words. Host  program m er bus cycles f ill the device’s wr ite 
buffer followed by a status check.  SR[ 0]  indicates when data from  the buffer has been 
program m ed into sequent ial flash m em ory array locat ions.

Following the buffer- to- f lash array program m ing sequence, the Write State Machine 
(WSM) increm ents internal addressing to autom at ically select  the next  32-word array 
boundary. This aspect  of BEFP saves host  program m ing equipm ent  the address- bus 
setup overhead.

With adequate cont inuity test ing, program m ing equipm ent  can rely  on the WSM’s 
internal ver if icat ion to ensure that  the device has program m ed proper ly. This elim inates 
the external post -program  verificat ion and it s associated overhead.

8 .4 .1 BEFP Req u i r em en t s an d  Con sid er at io n s

Note:
1. Word buffer boundar ies in t he array  are determ ined by A[ 4: 0]  ( 0x00 through 0x1F).  The alignm ent star t  point  is A[ 4: 0]  =  

0x00.

Tab le 1 5 : BEFP Req u i r em en t s

Par am et er / I ssu e Req u i r em en t No t es

Case Temperature TC =  25 °C ±  5 ° C

VCC Within operat ing range

VPP Driven t o VPPH

Setup and Conf irm Target  block unlocked before issuing the BEFP Setup and Confirm  comm ands

Program ming
The f irst-word address (WA0) of t he block  to be program med m ust  be held constant  
from  the setup phase through all data st ream ing into the target  block,  unt il t ransit ion 
to t he exit  phase is desired

Buffer Alignm ent WA0 m ust  align wit h the star t  of an array  buffer  boundary 1
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Note:
1. Some degradat ion in perform ance may occur  if t his lim it  is exceeded, but  t he internal algor it hm  cont inues to work 

proper ly.
2. I f the internal address counter increm ents beyond the block's maximum  address,  addressing wraps around to t he 

beginning of  the block.
3. I f the number of words is less than 32, remaining locat ions m ust  be filled with 0xFFFF.

8 .4 .2 BEFP Set u p  Ph ase

After receiving the BEFP Setup and Confirm  com m and sequence, Status Register bit  
SR[ 7]  (Ready)  is cleared, indicat ing that  t he WSM is busy with BEFP algorit hm  startup.  
A delay before checking SR[ 7]  is required to allow the WSM enough t im e to perform  all 
of its setups and checks (Block-Lock status, VPP level, et c.) . I f an error is detected, 
SR[ 4]  is set  and BEFP operat ion term inates. I f t he block was found to be locked, SR[ 1]  
is also set . SR[ 3]  is set  if  t he error occurred due to an incorrect  VPP level.

Note: Reading from  the device after the BEFP Setup and Confirm  com m and sequence outputs 
Status Register data. Do not  issue the Read Status Register com m and;  it  will be interpreted 
as data to be loaded into the buffer.

8 .4 .3 BEFP Pr og r am / Ver i f y  Ph ase

After the BEFP Setup Phase has com pleted, the host  program m ing system  m ust  check 
SR[ 7,0]  t o determ ine the availability of t he write buffer for  data st ream ing. SR[ 7]  
cleared indicates the dev ice is busy and the BEFP program / verify phase is act ivated.  
SR[ 0]  indicates the write buffer is available.

Two basic sequences repeat  in this phase:  loading of the writ e buffer, followed by buffer 
data program m ing to the array. For BEFP, the count  value for buffer loading is always 
the m axim um  buffer size of 32 words. Dur ing the buffer- loading sequence, data is 
stored to sequent ial buffer locat ions start ing at  address 0x00.  Program m ing of the 
buffer contents to the f lash m em ory array start s as soon as the buffer is full.  If the 
number of words is less than 32, the remaining buffer locations must be filled with 0xFFFF.

Cau t ion : Th e b u f f er  m u st  b e co m p let e ly  f i l l ed  fo r  p r o gr am m in g  t o  occu r . Su p p ly in g  an  
ad d r ess o u t sid e o f  t h e cu r r en t  b lo ck ' s  r an g e d u r in g  a  b u f f er - f i l l  seq u en ce 
cau ses t h e  alg o r i t h m  t o  ex i t  im m ed i at e ly . An y  d a t a  p r ev iou sly  lo ad ed  in t o  t h e  
b u f f er  d u r in g  t h e  f i l l  cy cle  i s n o t  p r og r am m ed  i n t o  t h e a r r ay .

The start ing address for data ent ry m ust  be buffer size aligned, if  not  t he BEFP 
algor it hm  will be aborted and the program  fails and (SR[ 4] )  flag w ill be set .

Data words from  the write buffer are directed to sequent ial m em ory locat ions in t he 
flash m em ory array;  program m ing cont inues from  where the previous buffer sequence 
ended. The host  program m ing system  m ust  poll SR[ 0]  t o determ ine when the buffer 
program  sequence com pletes. SR[ 0]  cleared indicates that  all buffer data has been 
t ransferred to the flash array;  SR[ 0]  set  indicates that  t he buffer is not  available yet  for  
the next  fill cycle. The host  system  m ay check full status for errors at  any t im e, but  it  is 

Tab le  1 6 : BEFP Con sid er at ion s

Par am et er / I ssu e Req u i r em en t Not es

Cycling For  opt im um per formance,  cycling m ust  be lim it ed below  100 erase cycles per block . 1

Program m ing blocks BEFP program s one block  at  a t im e;  all buffer  data m ust  fall within a single block 2

Suspend BEFP cannot  be suspended

Programm ing the flash 
m em ory  array

Programm ing to t he f lash memory array  can occur  only when the buf fer  is full. 3
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only  necessary on a block basis after BEFP exit .  After t he buffer fil l cycle, no writ e 
cycles should be issued to the device unt il SR[ 0]  =  0 and the device is ready for the 
next  buffer fi ll.

Note: Any spur ious writ es are ignored after a buffer f ill operat ion and when internal program  is 
proceeding.

The host  program m ing system  cont inues the BEFP algor it hm  by providing the next  
group of data words to be writ ten to the buffer. Alternat ively,  it  can term inate this 
phase by changing the block address to one outside of t he current  block’s range.

The Program / Verify phase concludes when the program m er writ es to a different  block 
address;  data supplied m ust  be 0xFFFF.  Upon Program / Verify phase com plet ion, the 
dev ice enters the BEFP Ex it  phase.

8 .4 .4 BEFP Ex i t  Ph ase

When SR[ 7]  is set , the device has returned to norm al operat ing condit ions. A full status 
check should be perform ed at  this t im e to ensure the ent ire block program m ed 
successfully. When ex it ing the BEFP algor ithm  with a block address change, the read 
m ode will not  change.  After BEFP ex it ,  any valid com m and can be issued to the device. 

8 .5 Pr o g r am  Su sp en d

I ssuing the Program  Suspend com m and while program m ing suspends the 
program m ing operat ion. This allows data to be accessed from  the device other than the 
one being program m ed. The Program  Suspend com m and can be issued to any dev ice 
address. A program  operat ion can be suspended to perform  reads only. Addit ionally, a 
program  operat ion that  is running dur ing an erase suspend can be suspended to 
perform  a read operat ion (see Figure 35, “Program  Suspend/ Resum e Flowchart ”  on 
page 80) .

When a program m ing operat ion is execut ing,  issuing the Program  Suspend com m and 
requests t he WSM to suspend the program m ing algor it hm  at  predeterm ined points. The 
dev ice cont inues to output  Status Register data after the Program  Suspend com m and is 
issued. Program m ing is suspended when Status Register bit s SR[ 7,2]  are set . Suspend 
latency is specif ied in Sect ion 16.0, “Program  and Erase Character ist ics”  on page 66.

To read data from  the device, the Read Array com m and m ust  be issued. Read Array, 
Read Status Register, Read Device I dent if ier, Read CFI , and Program  Resum e are valid 
com m ands dur ing a program  suspend.

During a program  suspend,  deassert ing CE#  places the device in standby, reducing 
act ive current . VPP m ust  rem ain at  its program m ing level, and WP#  m ust  rem ain 
unchanged while in program  suspend. I f RST#  is asserted, t he device is reset .

8 .6 Pr o g r am  Resu m e

The Resum e com m and inst ructs the device to cont inue program m ing, and 
autom at ically clears Status Register bits SR[ 7,2] . This com m and can be writ ten to any 
address. I f  error bits are set , t he Status Register should be cleared before issuing the 
next  inst ruct ion.  RST#  m ust  rem ain deasserted (see Figure 35, “Program  Suspend/
Resum e Flowchart ”  on page 80) .
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8 .7 Pr o g r am  Pr o t ect i on

When VPP =  VI L,  absolute hardware writ e protect ion is provided for all device blocks. I f 
VPP is at  or below VPPLK,  program m ing operat ions halt  and SR[ 3]  is set  indicat ing a VPP-
level error. Block lock registers are not  affected by the voltage level on VPP;  t hey m ay 
st il l be program m ed and read, even if VPP is less than VPPLK.

Fig u r e 1 1 : Ex am p le VPP Su p p l y  Con n ect io n s
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9 .0 Er ase Op er at io n s

Flash erasing is perform ed on a block basis. An ent ire block is erased each t im e an 
erase com m and sequence is issued, and only  one block is erased at  a t im e.  When a 
block is erased, all bits within that  block read as logical ones. The following sect ions 
descr ibe block erase operat ions in detail.

9 .1 Block  Er ase

Block erase operations are initiated by writing the Block Erase Setup command to the address of the block to 

be erased (see Sect ion 6.0, “Com m and Set ”  on page 23). Next, the Block Erase Confirm command 
is written to the address of the block to be erased. I f the dev ice is placed in standby (CE#  
deasserted)  dur ing an erase operat ion, the device com pletes the erase operat ion before 
enter ing standby.VPP must be above VPPLK and the block must be unlocked (see Figure 38, “ Block 
Erase Flowchart ”  on page 83) .

During a block erase, the Write State Machine (WSM)  executes a sequence of 
internally- t im ed events that  condit ions, erases, and ver if ies all bit s within the block.  
Erasing the f lash m em ory array changes “zeros”  to “ ones”. Mem ory array bits that  are 
ones can be changed to zeros only  by program m ing the block (see Sect ion 8.0, 
“ Program  Operat ion”  on page 28) .

The Status Register can be exam ined for block erase progress and errors by reading 
any address. The device rem ains in t he Read Status Register state unt il another 
com m and is writ ten. SR[ 0]  indicates whether t he addressed block is erasing. Status 
Register bit  SR[ 7]  is set  upon erase com plet ion. 

Status Register bit  SR[ 7]  indicates block erase status while t he sequence executes. 
When the erase operat ion has f inished, Status Register bit  SR[ 5]  indicates an erase 
failure if  set . SR[ 3]  set  would indicate that  t he WSM could not  perform  the erase 
operat ion because VPP was outside of its acceptable lim it s. SR[ 1]  set  indicates that  the 
erase operat ion at tem pted to erase a locked block, causing the operat ion to abort .

Before issuing a new com m and, t he Status Register contents should be exam ined and 
then cleared using the Clear Status Register com m and. Any valid com m and can follow 
once the block erase operat ion has com pleted.

9 .2 Er ase Su sp en d

I ssuing the Erase Suspend com m and while erasing suspends the block erase operat ion. 
This allows data to be accessed from  m em ory locat ions other than the one being 
erased. The Erase Suspend com m and can be issued to any dev ice address. A block 
erase operat ion can be suspended to perform  a word or buffer program  operat ion, or a 
read operat ion within any block except  the block that  is erase suspended (see 
Figure 35, “Program  Suspend/ Resum e Flowchart ”  on page 80) .

When a block erase operat ion is execut ing, issuing the Erase Suspend com m and 
requests the WSM to suspend the erase algor ithm  at  predeterm ined point s. The device 
cont inues to output  Status Register data after the Erase Suspend com m and is issued. 
Block erase is suspended when Status Register bit s SR[ 7,6]  are set .  Suspend latency is 
specified in Sect ion 16.0,  “Program  and Erase Character ist ics”  on page 66.

To read data from  the device (other t han an erase-suspended block) , t he Read Array 
com m and m ust  be issued. During Erase Suspend, a Program  com m and can be issued 
to any block other t han the erase-suspended block. Block erase cannot  resum e unt il 
program  operat ions init iated dur ing erase suspend com plete. Read Array, Read Status 
Register, Read Device Ident ifier, Read CFI ,  and Erase Resum e are valid com m ands 
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during Erase Suspend. Addit ionally,  Clear Status Register, Program , Program  Suspend, 
Block Lock, Block Unlock, and Block Lock-Down are valid com m ands during Erase 
Suspend.

During an erase suspend, deassert ing CE#  places the dev ice in standby, reducing 
act ive current . VPP m ust  rem ain at  a valid level, and WP#  m ust  rem ain unchanged 
while in erase suspend. I f RST#  is asserted, t he device is reset .

9 .3 Er ase Resu m e

The Erase Resum e com m and inst ructs the device to cont inue erasing, and 
autom at ically clears status register bits SR[ 7,6] . This com m and can be writ t en to any 
address. I f  status register error bit s are set , t he Status Register should be cleared 
before issuing the next  inst ruct ion. RST#  m ust  rem ain deasserted (see Figure 35, 
“Program  Suspend/ Resum e Flowchart ”  on page 80) .

9 .4 Er ase Pr o t ect io n

When VPP =  VI L,  absolute hardware erase protect ion is prov ided for all device blocks. I f  
VPP is below VPPLK,  erase operat ions halt  and SR[ 3]  is set  indicat ing a VPP- level error.
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1 0 .0 Secu r i t y  Mod es

The device features security m odes used to protect  the inform at ion stored in the f lash 
m em ory array. The following sect ions describe each securit y m ode in detail.

1 0 .1 Block  Lock in g

I ndividual instant  block locking is used to protect  user code and/ or data within the f lash 
m em ory array. All blocks power up in a locked state to protect  array data from  being 
altered dur ing power t ransit ions. Any block can be locked or unlocked with no latency. 
Locked blocks cannot  be program m ed or erased;  they can only be read.

Software-cont rolled secur it y is im plem ented using the Block Lock and Block Unlock 
com m ands. Hardware-controlled secur ity can be im plem ented using the Block Lock-
Down com m and along w ith assert ing WP# . Also, VPP data security can be used to 
inhibit  program  and erase operat ions (see Sect ion 8.7, “Program  Protect ion”  on 
page 33 and Sect ion 9.4,  “ Erase Protect ion”  on page 35) . 

The P30 dev ice also offers four pre-defined areas in the m ain array that  can be 
configured as One-Tim e Program m able (OTP)  for the highest  level of secur ity. These 
include the four 32 KB param eter blocks together as one and the three adjacent  128 KB 
m ain blocks. This is available for top or bot tom  param eter devices.

1 0 .1 .1 Lock  Block

To lock a block, issue the Lock Block Setup command. The next command must be the Lock Block command 

issued to the desired block�s address (see Sect ion 6.0, “Com m and Set ”  on page 23 and Figure 40, 
“ Block Lock Operat ions Flowchart ”  on page 85). I f  t he Set  Read Configurat ion Register 
com m and is issued after t he Block Lock Setup com m and, the device configures the RCR 
instead.

Block lock and unlock operat ions are not  affected by the voltage level on VPP.  The block 
lock bits m ay be m odified and/ or read even if VPP is at  or below VPPLK.

1 0 .1 .2 Un lo ck  Block

The Unlock Block com m and is used to unlock blocks (see Sect ion 6.0, “Com m and Set ”  
on page 23) . Unlocked blocks can be read, program m ed, and erased. Unlocked blocks 
return to a locked state when the device is reset  or powered down. I f a block is in a 
lock- down state, WP#  m ust  be deasserted before it  can be unlocked (see Figure 12, 
“ Block Locking State Diagram ”  on page 37) .

1 0 .1 .3 Lock - Dow n  Blo ck

A locked or unlocked block can be locked-down by writ ing the Lock-Down Block 
com m and sequence (see Sect ion 6.0, “Com m and Set ”  on page 23) . Blocks in a lock-
down state cannot  be program m ed or erased;  they can only be read. However, unlike 
locked blocks, their  locked state cannot  be changed by software com m ands alone. A 
locked-down block can only be unlocked by issuing the Unlock Block com m and with 
WP#  deasserted. To return an unlocked block to locked-down state, a Lock-Down 
com m and m ust  be issued pr ior t o changing WP#  to VI L.  Locked-down blocks revert  to 
t he locked state upon reset  or power up the dev ice (see Figure 12, “Block Locking State 
Diagram ”  on page 37) .
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1 0 .1 .4 Block  Lock  St at u s

The Read Device I dent if ier  com m and is used to determ ine a block’s lock  status (see 
Sect ion 12.0, “Power and Reset  Specif icat ions”  on page 49) . Data bits DQ[ 1: 0]  display 
the addressed block’s lock  status;  DQ0 is t he addressed block’s lock bit , while DQ1 is 
the addressed block’s lock-down bit .

1 0 .1 .5 Block  Lock in g  Du r in g  Su sp en d

Block lock and unlock changes can be perform ed during an erase suspend. To change 
block lock ing dur ing an erase operat ion, first  issue the Erase Suspend com m and. 
Monitor t he Status Register unt il SR[ 7]  and SR[ 6]  are set , indicat ing the device is 
suspended and ready to accept  another com m and.

Next , write t he desired lock com m and sequence to a block, which changes the lock 
state of t hat  block. After com plet ing block lock or unlock operat ions, resum e the erase 
operat ion using the Erase Resum e com m and.

Note: A Lock Block Setup com m and followed by any com m and other t han Lock Block, Unlock Block, 
or Lock-Down Block produces a com m and sequence error and set  Status Register bits SR[ 4]  
and SR[ 5] . I f a com m and sequence error occurs during an erase suspend, SR[ 4]  and SR[ 5]  
rem ains set , even after t he erase operat ion is resum ed. Unless the Status Register is cleared 
using the Clear Status Register com m and before resum ing the erase operat ion, possible erase 
errors m ay be m asked by the com m and sequence error.

Fig u r e 1 2 : Blo ck  Lock in g  St at e D iag r am

[X00]

[X01]

Power-Up/Reset

Unlocked

Locked

[011]

[111] [110]

Locked-
Down4,5 

Software 
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Hardware 
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WP# Hardware Control

Notes: 1. [a,b,c] represents [WP#, DQ1, DQ0].  X = Don�t Care.

2. DQ1 indicates Block Lock-Down status.  DQ1 = �0�, Lock-Down has not been issued 

    to this block.  DQ1 = �1�, Lock-Down has been issued to this block. 
3. DQ0 indicates block lock status.  DQ0 = �0�, block is unlocked.  DQ0 = �1�, block is 

    locked.

4. Locked-down = Hardware + Software locked.

5. [011] states should be tracked by system software to determine difference between 

    Hardware Locked and Locked-Down states. 

Software Block Lock (0x60/0x01) or Software Block Unlock (0x60/0xD0)

Software Block Lock-Down (0x60/0x2F)

WP# hardware control
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I f  a block is locked or locked-down dur ing an erase suspend of the sam e block, the lock 
status bit s change im m ediately. However, t he erase operat ion com pletes when it  is 
resum ed. Block lock operat ions cannot  occur dur ing a program  suspend. See Appendix 
A, “ Writ e State Machine”  on page 86, which shows valid com m ands dur ing an erase 
suspend.

1 0 .2 Se lect ab le On e- Tim e Pr og r am m ab le Block s

Any of four pre-defined areas from  the m ain array ( t he four 32-KB param eter blocks 
together as one and three adj acent  128 KB m ain blocks)  can be configured as OTP so 
further program  and erase operat ions are not  allowed. This opt ion is available for t op or 
bot tom  param eter dev ices.

Note: Please see your local Num onyx representat ive for details about  the Selectable OTP 
im plem entat ion.

Tab le 1 7 : Se lect ab le  OTP Blo ck  Map p i n g

Den s i t y To p  Par am et er  Co n f i g u r a t i o n Bot t om  Par am et er  Con f ig u r a t i on

256-Mbit

blocks 258: 255 (parameters) blocks 3: 0 ( parameters)

 block  254 (m ain) block 4 (main)

 block  253 (m ain) block 5 (main)

 block  252 (m ain) block 6 (main)

128-Mbit

blocks 130: 127 (parameters) blocks 3: 0 ( parameters)

 block  126 (m ain) block 4 (main)

 block  125 (m ain) block 5 (main)

 block  124 (m ain) block 6 (main)

64-Mbit

blocks 66: 63 (parameters) blocks 3: 0 ( parameters)

 block  62 (m ain) block 4 (main)

 block  61 (m ain) block 5 (main)

 block  60 (m ain) block 6 (main)

N ot es:
1. The 512-Mbit  dev ices will have m ult iple die and selectable OTP areas depending on the placem ent of  the parameter  

blocks.
2. When program ming t he OTP bit s for  a To p  Par am et er  Dev i ce ,  the following upper  address bits m ust  also be dr iven 

properly:  A[ Max: 17]  dr iven high (VIH)  for TSOP and Easy BGA packages,  and A[ Max: 16]  dr iven high (VI H)  for  QUAD+  
SCSP.
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1 1 .0 Reg ist er s

When non-array reads are perform ed in asynchronous page m ode only the f irst  data is 
valid and all subsequent  data are undefined.  When a non-array read operat ion occurs 
as synchronous burst  m ode, the sam e word of data requested will be output  on 
successive clock edges unt il the burst  length requirem ents are sat isfied.  

1 1 .1 Read  St a t u s Reg ist e r

To read the Status Register, issue the Read Status Register com m and at  any address.  
Status Register inform at ion is available to which the Read Status Register, Word 
Program , or Block Erase com m and was issued. Status Register data is autom at ically 
m ade available following a Word Program , Block Erase, or Block Lock com m and 
sequence. Reads from  the dev ice after any of these com m and sequences outputs the 
device’s status unt il another valid com m and is writ ten (e.g. Read Array com m and) .

The Status Register is read using single asynchronous-m ode or synchronous burst  
m ode reads. Status Register data is output  on DQ[ 7: 0] , while 0x00 is output  on 
DQ[ 15: 8] . I n asynchronous m ode the falling edge of OE# , or CE#  (whichever occurs 
first )  updates and latches the Status Register contents. However, reading the Status 
Register in synchronous burst  m ode, CE#  or ADV#  m ust  be toggled to update status 
data. 

The Device Write Status bit  (SR[ 7] )  provides overall status of t he device. Status 
register bit s SR[ 6: 1]  present  status and error inform at ion about  the program , erase, 
suspend, VPP,  and block- locked operat ions.

Tab le  1 8 : St a t u s Reg ist er  Descr ip t io n  ( Sh eet  1  o f  2 )

St a t u s  Reg is t er  ( SR) Defau l t  Va lu e  =  0 x 8 0

Device Wr it e 
Status

Erase Suspend 
Status

Erase Status
Program  
Status

VPP Status
Program  
Suspend 
Status

Block-Locked 
Status

BEFP 
Status

DWS ESS ES PS VPPS PSS BLS BWS

7 6 5 4 3 2 1 0

Bit Name Descr ipt ion

7 Device Write Status (DWS)
0 =  Device is busy;  program  or  erase cycle in progress;  SR[ 0]  valid.

1 =  Dev ice is ready;  SR[ 6: 1]  are valid.

6 Erase Suspend Status (ESS)
0 =  Erase suspend not  in effect .

1 =  Erase suspend in effect .

5 Erase Status (ES)
0 =  Erase successful.

1 =  Erase fail or program sequence error  when set  wit h SR[ 4,7] .

4 Program Status (PS)
0 =  Program  successful.

1 =  Program  fail or  program sequence error  when set  wit h SR[ 5,7]

3 VPP Status (VPPS)
0 =  VPP within acceptable lim it s dur ing program or  erase operat ion.

1 =  VPP <  VPPLK dur ing program  or erase operat ion.
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Note: Always clear the Status Register pr ior  t o resum ing erase operat ions. I t  avoids Status Register 
am biguity when issuing com m ands during Erase Suspend. I f a com m and sequence error 
occurs dur ing an erase-suspend state, the Status Register contains the com m and sequence 
error status ( SR[ 7,5,4]  set ) .  When the erase operat ion resum es and f inishes, possible errors 
dur ing the erase operat ion cannot  be detected v ia the Status Register because it  contains the 
prev ious error status. 

1 1 .1 .1 Clear  St at u s Reg ist er

The Clear Status Register com m and clears the status register. I t  funct ions independent  
of VPP.  The Write State Machine (WSM) sets and clears SR[ 7,6,2] , but  it  sets bit s 
SR[ 5: 3,1]  without  clear ing them . The Status Register should be cleared before start ing 
a com m and sequence to avoid any am biguity.  A device reset  also clears the Status 
Register.

1 1 .2 Read  Con f i gu r a t io n  Reg ist er

The Read Configurat ion Register (RCR)  is used to select  t he read m ode (synchronous or 
asynchronous) ,  and it  defines the synchronous burst  character ist ics of the device. To 
m odify  RCR set t ings, use the Configure Read Configurat ion Register com m and (see 
Sect ion 6.0, “ Com m and Set”  on page 23) .

RCR contents can be exam ined using the Read Dev ice Ident if ier  com m and, and then 
reading from  offset  0x05 ( see Sect ion 12.0, “ Power and Reset  Specificat ions”  on 
page 49) .

The RCR is shown in Table 19. The following sect ions describe each RCR bit .

2 Program  Suspend Status (PSS)
0 =  Program suspend not  in effect .

1 =  Program suspend in ef fect .

1 Block-Locked Status (BLS)
0 =  Block  not  locked dur ing program  or erase.

1 =  Block  locked during program  or  erase;  operat ion aborted.

0 BEFP Status (BWS)

After Buffered Enhanced Factory Program m ing (BEFP)  data is loaded into the 
buffer :

0 =  BEFP com plete.

1 =  BEFP in-progress.

Tab le 1 8 : St at u s Reg i st e r  Descr ip t ion  ( Sh ee t  2  o f  2 )

St a t u s Reg ist e r  ( SR) Def au l t  Va lu e  =  0 x 8 0

Tab le 1 9 : Read  Con f ig u r a t io n  Reg i st e r  Descr ip t ion  ( Sh ee t  1  o f  2 )

Read  Co n f ig u r a t i o n  Reg ist e r  ( RCR)

Read 
Mode

RES Latency  Count
WAI T 

Polar it y

Data

Hold

WAIT

Delay

Burst  
Seq

CLK 
Edge

RES RES
Burst

Wrap
Burst  Length

RM R LC[ 2: 0] WP DH WD BS CE R R BW BL[ 2: 0]

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Bit Name Descript ion

15 Read Mode (RM)
0 =  Synchronous burst-m ode read

1 =  Asynchronous page-m ode read (default )

14 Reserved (R) Reserved bit s should be cleared (0)
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1 1 .2 .1 Read  Mod e

The Read Mode (RM)  bit  selects synchronous burst-m ode or asynchronous page- m ode 
operat ion for the device. When the RM bit  is set , asynchronous page m ode is selected 
(default ) .  When RM is cleared, synchronous burst  m ode is selected.

1 1 .2 .2 Lat en cy  Cou n t

The Latency Count  (LC)  bit s tell the device how m any clock cycles m ust  elapse from  the 
r ising edge of ADV#  (or from  the first  valid clock edge after ADV#  is asserted)  unt il t he 
first  valid data word is t o be dr iven onto DQ[ 15: 0] . The input  clock frequency is used to 
determ ine this value and Figure 13 shows the data output  latency for the different  
set t ings of LC. The m axim um  Latency Count  for P30 would be Code 4 based on the Max 
Clock frequency specif icat ion of 52 m hz, and there will be zero WAI T States when 
burst ing w ithin the word line. Please also refer t o “ End of Word Line (EOWL)  
Considerat ions”  on page 46 for m ore inform at ion on EOWL.

Refer to Table 20,  “Latency Count  (LC)  and Frequency Support ”  on page 42 for Latency 
Code Set t ings. 

13: 11
Latency Count  (LC[ 2: 0] )

010 = Code 2

011 = Code 3

100 = Code 4

101 = Code 5

110 = Code 6

111 = Code 7 (default )

(Other  bit  set t ings are reserved)

10
Wait  Polar ity (WP) 0 = WAIT signal is act ive low

1 = WAIT signal is act ive high (default )

9
Data Hold (DH) 0 = Data held for  a 1-clock  data cycle

1 = Data held for  a 2-clock  data cycle (default )

8 Wait  Delay  (WD)
0 = WAIT deasserted with valid data
1 = WAIT deasserted one data cycle before valid data ( default )

7
Burst  Sequence (BS) 0 = Reserved

1 = Linear ( default )

6
Clock Edge (CE) 0 =  Falling edge

1 =  Rising edge (default )

5: 4 Reserved (R) Reserved bits should be cleared (0)

3
Burst  Wrap (BW) 0 = Wrap;  Burst  accesses wrap within burst  length set  by  BL[ 2: 0]

1 = No Wrap;  Burst  accesses do not  wrap wit hin burst  length (default )

2: 0 Burst  Length (BL[ 2: 0] )

001 = 4-word burst
010 = 8-word burst
011 = 16-word burst
111 = Cont inuous-word burst  ( default )

(Other  bit  set t ings are reserved)

No t e : Latency Code 2,  Data Hold for  a 2- clock data cycle (DH =  1)  WAIT must  be deasser ted w it h valid data (WD =  0) .  
Latency Code 2,  Data Hold for  a 2- cock data cycle (DH= 1)  WAIT deasserted one data cycle before valid data (WD =  1)  
combinat ion is not  suppor ted.  Table 19, “Read Configurat ion Register Descr ipt ion”  on page 40  is 
shown using the QUAD+  package.  For  EASY BGA and TSOP packages, t he t able reference should be adjusted using 
address bits A[ 16: 1] .

Tab le  1 9 : Read  Co n f ig u r at ion  Reg ist er  Descr ip t io n  ( Sh eet  2  o f  2 )
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Fig u r e  1 3 : Fi r st - Access Lat en cy  Cou n t

Code 1
(Reserved

Code 6

Code 5

Code 4

Code 3

Code 2

Code 0 (Reserved)

Code 7

Valid
Address

Valid

Output

Valid

Output

Valid

Output

Valid

Output

Valid

Output

Valid

Output

Valid

Output

Valid

Output

Valid

Output

Valid

Output

Valid

Output

Valid

Output

Valid

Output

Valid

Output

Valid

Output

Valid

Output

Valid

Output

Valid

Output

Valid

Output

Valid

Output

Valid

Output

Valid

Output

Valid

Output

Valid

Output

Valid

Output

Valid

Output

Valid

Output

Valid

Output

Valid

Output

Valid

Output

Valid

Output

Valid

Output

Valid

Output

Valid
Output

Valid
Output

Valid

Output

Address [A]

ADV# [V]

DQ
15-0

 [D/Q]

CLK [C]

DQ
15-0

 [D/Q]

DQ
15-0

 [D/Q]

DQ
15-0

 [D/Q]

DQ
15-0

 [D/Q]

DQ
15-0

 [D/Q]

DQ
15-0

 [D/Q]

DQ
15-0

 [D/Q]

Tab le 2 0 : La t en cy  Co u n t  ( LC)  an d  Fr eq u en cy  Su p p or t

Lat en cy  Cou n t  Set t in g s Fr eq u en cy  Su p p o r t  ( MHz)

2 £ 27

3 £ 40

4 £ 52

N ot e : Synchronous burst  read operat ion is current ly not  suppor ted for the TSOP package.
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1 1 .2 .3 W AI T Po la r i t y

The WAI T Polar ity  bit  (WP) , RCR[ 10]  determ ines the asserted level (VOH or  VOL)  of 
WAIT.  When WP is set , WAI T is asserted high (default ) . When WP is cleared, WAIT is 
asserted low. WAIT changes state on valid clock edges during act ive bus cycles (CE#  
asserted, OE#  asserted,  RST#  deasserted) .

1 1 .2 .3 .1 W AI T Sign a l  Fu n ct ion

The WAI T signal indicates data valid when the device is operat ing in synchronous m ode 
(RCR[ 15] = 0) . The WAIT signal is only  “ deasserted”  when data is valid on the bus.

When the device is operat ing in synchronous non-array read m ode, such as read 
status, read ID,  or read CFI . The WAI T signal is also “deasserted”  when data is valid on 
the bus.

WAIT behavior dur ing synchronous non-array reads at  the end of word line works 
correct ly only on the f irst  data access.

When the device is operat ing in asynchronous page m ode,  asynchronous single word 
read m ode, and all wr it e operat ions, WAI T is set  to a deasserted state as determ ined 
by RCR[ 10] . See Figure 22, “Asynchronous Single-Word Read (ADV#  Latch) ”  on 
page 59, and Figure 23, “Asynchronous Page-Mode Read Tim ing”  on page 60.

Fig u r e 1 4 : Ex am p le Lat en cy  Cou n t  Se t t in g  u s in g  Cod e 3

CLK

CE#

ADV#

A[MAX:0]

D[15:0]

t
Data

Code 3

Address

Data

0 1 2 3 4

R103

High-Z

Tab le  2 1 : W AI T Fu n ct ion al i t y  Tab le ( Sh eet  1  o f  2 )

Co n d i t i on W AI T No t es

CE#  =  ‘1’,  OE#  =  ‘X’ or CE#  =  ‘0’, OE#  =  ‘1’ High-Z 1

CE#  = ’0’,  OE#  =  ‘0’ Act ive 1

Synchronous Array Reads Act ive 1

Synchronous Non-Array  Reads Act ive 1
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1 1 .2 .4 Dat a Ho ld

For burst  read operat ions, t he Data Hold (DH)  bit  determ ines whether t he data output  
rem ains valid on DQ[ 15: 0]  for one or two clock cycles. This per iod of t im e is called the 
“d at a  cy cle ”. When DH is set , output  data is held for two clocks (default ) . When DH is 
cleared,  output  data is held for one clock (see Figure 15) . The processor ’s data setup 
t im e and the f lash m em ory’s clock- to-data output  delay should be considered when 
determ ining whether to hold output  data for one or two clocks.  A m ethod for 
determ ining the Data Hold configurat ion is shown below:  

To set  the dev ice at  one clock data hold for subsequent  reads, the following condit ion 
m ust  be sat isfied:

t CHQV ( n s)  +  t DATA ( n s)  ≤ On e CLK Per io d  ( n s)

t DATA =  Data set  up to Clock (defined by CPU)

For exam ple, w ith a clock frequency of 40 MHz, the clock period is 25 ns. Assum ing 
tCHQV =  20 ns and tDATA =  4 ns. Applying these values to the form ula above:

 20 ns +  4 ns ≤ 25 ns 

The equat ion is sat isfied and data will be available at  every clock per iod with data hold 
set t ing at  one clock.  I f tCHQV (ns)  +  tDATA (ns)  >  One CLK Period (ns) , data hold set t ing of 
2 clock periods m ust  be used.  

1 1 .2 .5 W AI T Delay

The WAIT Delay (WD)  bit  controls the WAIT assert ion-delay behavior dur ing 
synchronous burst  reads. WAIT can be asserted either dur ing or one data cycle before 
valid data is output  on DQ[ 15: 0] . When WD is set , WAI T is deasserted one data cycle 
before valid data (default ) . When WD is cleared, WAI T is deasserted during valid data.

All Asynchronous Reads Deasserted 1

All Wr it es High-Z 1,2

N ot es:
1. Act i v e :  WAI T is asserted unt il data becomes valid, t hen deasser t s
2. When OE#  =  VIH dur ing wr it es,  WAIT =  High-Z

Tab le 2 1 : W AI T Fu n ct io n a l i t y  Tab le  ( Sh ee t  2  o f  2 )

Con d i t io n W AI T N ot es

Fig u r e  1 5 : Dat a Ho ld  Ti m i n g

Valid

Output

Valid

Output

Valid

Output

Valid

Output

Valid

Output

CLK [C]

D[15:0] [Q]

D[15:0] [Q]
2 CLK

Data Hold

1 CLK

Data Hold



August  2008 Datasheet
Order Num ber:  306666-12 45

P3 0

1 1 .2 .6 Bu r st  Seq u en ce

The Burst  Sequence (BS)  bit  selects linear-burst  sequence (default ) . Only linear-burst  
sequence is supported. Table 22 shows the synchronous burst  sequence for all burst  
lengths, as well as the effect  of t he Burst  Wrap (BW) set t ing.

1 1 .2 .7 Clo ck  Ed g e

The Clock Edge (CE)  bit  selects either a r ising (default )  or falling clock edge for CLK. 
This clock edge is used at  t he start  of a burst  cycle, to output  synchronous data, and to 
assert / deassert  WAIT.

Tab le  2 2 : Bu r st  Seq u en ce W o r d  Or d er in g

St ar t
Ad d r .
( DEC)

Bu r st  
W r ap

( RCR[ 3 ] )

Bu r st  Ad d r ess in g  Seq u en ce ( DEC)

4 - W o r d  Bu r s t
( BL[ 2 :0 ]  =  

0 b 0 0 1 )

8 - W o r d  Bu r st
( BL[ 2 :0 ]  =  0 b 0 1 0 )

1 6 - W or d  Bu r s t
( BL[ 2 :0 ]  =  0 b 0 1 1 )

Co n t in u o u s Bu r s t
( BL[ 2 :0 ]  =  0 b 1 1 1 )

0 0 0-1-2-3 0-1-2-3-4-5-6-7 0-1-2-3-4…14-15 0-1-2-3-4-5-6-…

1 0 1-2-3-0 1-2-3-4-5-6-7-0 1-2-3-4-5…15-0 1-2-3-4-5-6-7-…

2 0 2-3-0-1 2-3-4-5-6-7-0-1 2-3-4-5-6…15-0-1 2-3-4-5-6-7-8-…

3 0 3-0-1-2 3-4-5-6-7-0-1-2 3-4-5-6-7…15-0-1-2 3-4-5-6-7-8-9-…

4 0 4-5-6-7-0-1-2-3 4-5-6-7-8…15-0-1-2-3 4-5-6-7-8-9-10…

5 0 5-6-7-0-1-2-3-4 5-6-7-8-9…15-0-1-2-3-4 5-6-7-8-9-10-11…

6 0 6-7-0-1-2-3-4-5
6-7-8-9-10…15-0-1-2-3-4-

5
6-7-8-9-10-11-12-…

7 0 7-0-1-2-3-4-5-6
7-8-9-10…15-0-1-2-3-4-5-

6
7-8-9-10-11-12-13…

… … … … … …

14 0 14-15-0-1-2…12-13 14-15-16-17-18-19-20-…

15 0 15-0-1-2-3…13-14 15-16-17-18-19-20-21-…

… … … … … …

0 1 0-1-2-3 0-1-2-3-4-5-6-7 0-1-2-3-4…14-15 0-1-2-3-4-5-6-…

1 1 1-2-3-4 1-2-3-4-5-6-7-8 1-2-3-4-5…15-16 1-2-3-4-5-6-7-…

2 1 2-3-4-5 2-3-4-5-6-7-8-9 2-3-4-5-6…16-17 2-3-4-5-6-7-8-…

3 1 3-4-5-6 3-4-5-6-7-8-9-10 3-4-5-6-7…17-18 3-4-5-6-7-8-9-…

4 1 4-5-6-7-8-9-10-11 4-5-6-7-8…18-19 4-5-6-7-8-9-10…

5 1 5-6-7-8-9-10-11-12 5-6-7-8-9…19-20 5-6-7-8-9-10-11…

6 1 6-7-8-9-10-11-12-13 6-7-8-9-10…20-21 6-7-8-9-10-11-12-…

7 1
7-8-9-10-11-12-13-

14
7-8-9-10-11…21-22 7-8-9-10-11-12-13…

… … … … … …

14 1 14-15-16-17-18…28-29 14-15-16-17-18-19-20-…

15 1 15-16-17-18-19…29-30 15-16-17-18-19-20-21-…
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1 1 .2 .8 Bu r st  W r ap

The Burst  Wrap (BW) bit  determ ines whether 4-word, 8-word, or 16-word burst  length 
accesses wrap within the selected word- length boundaries or cross word- length 
boundaries. When BW is set , burst  wrapping does not  occur (default ) .  When BW is 
cleared,  burst  wrapping occurs.

When perform ing synchronous burst  reads w ith BW set  (no wrap) , an output  delay m ay 
occur when the burst  sequence crosses its first  device- row (16-word)  boundary. I f  t he 
burst  sequence’s start  address is 4-word aligned, then no delay occurs. I f the start  
address is at  the end of a 4-word boundary, t he worst  case output  delay is one clock 
cycle less than the first  access Latency Count . This delay can take place only  once, and 
doesn’t  occur if  t he burst  sequence does not  cross a device- row boundary. WAI T 
inform s the system  of t his delay when it  occurs.

1 1 .2 .9 Bu r st  Len g t h

The Burst  Length bit  (BL[ 2: 0] )  selects the linear burst  length for all synchronous burst  
reads of the f lash m em ory array. The burst  lengths are 4-word, 8-word, 16-word, and 
cont inuous word. 

Cont inuous-burst  accesses are linear only, and do not  wrap within any word length 
boundaries (see Table 22,  “Burst  Sequence Word Order ing”  on page 45) . When a burst  
cycle begins, the device outputs synchronous burst  data unt il it  reaches the end of the 
“ burstable”  address space.

1 1 .2 .1 0 En d  o f  W or d  Lin e ( EOW L)  Con sid er at io n s

When perform ing synchronous burst  reads with BW set  (no wrap)  and DH reset  (1 clock 
cycle) , an output  “delay”  requir ing addit ions clock Wait  States m ay occur when the 
burst  sequence crosses it s f irst  device- row (16-word)  boundary. The delay would take 
place only once, and will not  occur if t he burst  sequence does not  cross a device- row 
boundary. The WAI T signal inform s the system  of th is delay when it  occurs. I f  the burst  
sequence’s start  address is 4-word aligned ( i.e. 0x00h, 0x04h,  0x08h, 0x0Ch)  then no 
delay occurs. I f  t he start  address is at  t he end of a 4-word boundary ( i.e. 0x03h, 
0x07h, 0x0Bh, 0x0Fh) , the worst  case delay ( num ber of Wait  States required)  will be 
one clock cycle less than the f irst  access Latency Count  (LC-1)  when crossing the first  
dev ice- row boundary ( i.e. 0x0Fh to 0x10h) .  Other address m isalignm ents m ay require 
wait  states depending upon the LC set t ing and the start ing address alignm ent . For 
exam ple, an LC set t ing of 3 with a start ing address of 0xFD requires 0 wait  states, but  
t he sam e LC set t ing of 3 with a start ing address of 0xFE would require 1 wait  state 
when crossing the first  dev ice row boundary.

1 1 .3 On e- Tim e- Pr og r am m ab le ( OTP)  Reg ist er s

The device contains 17 one- t im e-program m able (OTP)  registers that  can be used to 
im plem ent  system  security  m easures and/ or dev ice ident ificat ion. Each OTP register 
can be individually locked.

The f irst  128-bit  OTP Register is com prised of two 64-bit  (8-word)  segm ents. The lower 
64-bit  segm ent  is pre-program m ed at  the Num onyx factory w ith a unique 64- bit  
num ber. The other 64-bit  segm ent , as well as the other six teen 128-bit  OTP Registers, 
are blank. Users can program  these registers as needed. When program m ed, users can 
then lock the OTP Register(s)  t o prevent  addit ional bit  program m ing (see Figure 16, 
“ OTP register m ap”  on page 47) .

The OTP Registers contain one- t im e program m able (OTP)  bits;  when program m ed, PR 
bits cannot  be erased. Each OTP Register can be accessed m ult iple t im es to program  
individual bit s, as long as the register rem ains unlocked.
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Each OTP Register has an associated Lock Register bit .  When a Lock Register bit  is 
program m ed, the associated OTP Register can only be read;  it  can no longer be 
program m ed. Addit ionally, because the Lock Register bits them selves are OTP, when 
program m ed, Lock Register bit s cannot  be erased. Therefore, when a OTP Register is 
locked, it  cannot  be unlocked.

.

1 1 .3 .1 Read in g  t h e OTP r eg ist er s

The OTP registers can be read from  any address. To read the OTP Register, f irst  issue 
the Read Device I dent ifier  com m and at  any address to place the device in the Read 
Dev ice I dent ifier  state (see Sect ion 6.0, “Com m and Set ”  on page 23) . Next , perform  a 
read operat ion using the address offset  corresponding to the register t o be read. 
Table 13, “ Device Ident if ier  I nform at ion”  on page 27 shows the address offsets of the 
OTP Registers and Lock Registers. PR data is read 16 bit s at  a t im e.

Fig u r e 1 6 : OTP r eg i st er  m ap
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1 1 .3 .2 Pr og r am m in g  t h e OTP Reg ist er s

To program  any of the OTP Registers, f irst  issue the Program  OTP Register com m and at  
t he param eter ’s base address plus the offset  to the desired OTP Register (see Sect ion 
6.0, “Com m and Set”  on page 23) . Next , wr it e the desired OTP Register data to the 
sam e OTP Register address (see Figure 16, “OTP register m ap”  on page 47) .

The device program s the 64-bit  and 128-bit  user-program m able OTP Register data 16 
bits at  a t im e (see Figure 41, “Protect ion Register Program m ing Flowchart ”  on 
page 86) . I ssuing the Program  OTP Register com m and outside of t he OTP Register ’s 
address space causes a program  error (SR[ 4]  set ) .  At tem pt ing to program  a locked 
OTP Register causes a program  error ( SR[ 4]  set )  and a lock error (SR[ 1]  set ) .

Note: When program m ing the OTP bit s in t he OTP registers for a To p  Par am et e r  Dev ice ,  
t he following upper address bit s m ust  also be dr iven properly:  A[ Max: 17]  dr iven high 
(VI H)  for  TSOP and Easy BGA packages, and A[ Max: 16]  dr iven high ( VI H)  for  QUAD+  
SCSP.

1 1 .3 .3 Lock in g  t h e OTP Reg is t er s

Each OTP Register can be locked by program m ing its respect ive lock bit  in the Lock 
Register. To lock a OTP Register,  program  the corresponding bit  in t he Lock Register by  
issuing the Program  Lock Register com m and, followed by the desired Lock Register 
data (see Sect ion 6.0, “Com m and Set ”  on page 23) . The physical addresses of t he Lock 
Registers are 0x80 for register 0 and 0x89 for register 1. These addresses are used 
when program m ing the lock registers (see Table 13, “Device Ident if ier  I nform at ion”  on 
page 27) .

Bit  0 of Lock Register 0 is already program m ed dur ing the m anufactur ing process at  the 
“ factory”, locking the lower, pre-program m ed 64- bit  region of t he first  128-bit  OTP 
Register containing the unique ident ificat ion num ber of t he device. Bit  1 of Lock 
Register 0 can be program m ed by the user to lock the user-program m able,  64-bit  
region of the first  128-bit  OTP Register. When program m ing Bit  1 of Lock Register 0, all 
other bit s need to be left  as ‘1’ such that  t he data program m ed is 0xFFFD.

Lock Register 1 cont rols the locking of t he upper sixteen 128- bit  OTP Registers.  Each of 
t he 16 bits of Lock Register 1 correspond to each of t he upper six teen 128-bit  OTP 
Registers. Program m ing a bit  in Lock Register 1 locks the corresponding 128-bit  OTP 
Register.

Cau t io n : Af t er  b e in g  l ock ed , t h e  OTP Reg is t er s  can n o t  b e  u n lo ck ed .
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1 2 .0 Po w er  an d  Reset  Sp eci f ica t io n s

1 2 .1 Po w er - Up  an d  Pow er - Do w n

Power supply sequencing is not  required if VPP is connected to VCC or VCCQ. Otherwise 
VCC and VCCQ should at tain their  m inim um  operat ing voltage before applying VPP.  

Power supply t ransit ions should only occur when RST#  is low. This protects the device 
from  accidental program m ing or erasure dur ing power t ransit ions.

1 2 .2 Reset  Sp eci f i ca t io n s

Assert ing RST#  during a system  reset  is im portant  with autom ated program / erase 
devices because system s typically  expect  t o read from  flash m em ory when com ing out  
of reset . I f a CPU reset  occurs w ithout  a f lash m em ory reset , proper CPU init ializat ion 
m ay not  occur.  This is because the flash m em ory m ay be prov iding status inform at ion, 
instead of array data as expected. Connect  RST#  to the sam e act ive low reset  signal 
used for CPU init ializat ion.

Also, because the device is disabled when RST#  is asserted,  it  ignores its cont rol inputs 
dur ing power-up/ down. I nvalid bus condit ions are m asked, providing a level of m em ory 
protect ion.

Tab le  2 3 : Reset  Sp eci f i cat i on s

Nu m Sy m b ol Par am et er Min Max Un i t No t es

P1 t PLPH RST#  pulse w idth low  100 - ns 1,2,3,4

P2 t PLRH

RST#  low  to dev ice reset  during erase - 25

µs

1,3,4,7

RST#  low  to dev ice reset  during program - 25 1,3,4,7

P3 t VCCPH

VCC Power valid t o RST#  de-assert ion ( high)  130nm 60 - 1,4,5,6

VCC Power valid t o RST#  de-assert ion ( high)  65nm 300 - 1,4,5,6

No t es :
1. These specif icat ions are valid for all dev ice versions (packages and speeds) .
2. The device m ay reset  if  t PLPH is <  tPLPH MI N,  but  t his is not  guaranteed.
3. Not  applicable if  RST#  is t ied t o Vcc.
4. Sam pled, but  not  100%  tested.
5. When RST#  is t ied t o the VCC supply,  device will not  be ready unt il t VCCPH after  VCC ≥ VCCMI N.  
6. When RST#  is t ied t o the VCCQ supply, dev ice will not  be ready unt il tVCCPH aft er VCC ≥ VCCMIN.
7. Reset  completes wit hin t PLPH if RST#  is asserted while no erase or  program  operat ion is execut ing.
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1 2 .3 Pow er  Su p p ly  Deco u p l in g

Flash m em ory devices require careful power supply de-coupling.  Three basic power 
supply current  considerat ions are 1)  standby current  levels, 2)  act ive current  levels, 
and 3)  t ransient  peaks produced when CE#  and OE#  are asserted and deasserted.

When the device is accessed,  m any internal condit ions change. Circuits within the 
dev ice enable charge-pum ps, and internal logic states change at  high speed. All of 
t hese internal act ivit ies produce t ransient  signals. Transient  current  m agnitudes depend 
on the dev ice outputs’ capacit ive and induct ive loading. Two- line cont rol and correct  
de-coupling capacitor select ion suppress t ransient  volt age peaks.

Because Num onyx Mult i-Level Cell ( MLC)  flash m em ory devices draw their  power from  
VCC, VPP, and VCCQ, each power connect ion should have a 0.1 µF ceram ic capacitor t o 
ground.  High- frequency, inherent ly low- inductance capacitors should be placed as close 
as possible to package leads.

Addit ionally, for  every eight  devices used in t he system , a 4.7 µF elect rolyt ic capacitor 
should be placed between power and ground close to the devices. The bulk  capacitor is 
m eant  to overcom e voltage droop caused by PCB t race inductance.

Fig u r e  1 7 : Rese t  Op er a t io n  W av ef o r m s
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1 3 .0 Max im u m  Rat in g s an d  Op er at in g  Con d i t ion s

1 3 .1 Ab so lu t e Max im u m  Rat in g s

W ar n i n g : Stressing the device beyond the “Absolute Maxim um  Rat ings”  m ay cause perm anent  
dam age. These are st ress rat ings only.  

1 3 .2 Op er at i n g  Co n d i t i on s

Note: Operat ion beyond the “Operat ing Condit ions”  is not  recom m ended and extended exposure 
beyond the “ Operat ing Condit ions”  m ay affect  device reliability.

Tab le  2 4 : Max im u m  Rat in g s

Par am et er Max im u m  Rat in g Not es

Tem perature under bias –40 ° C to + 85 °C

Storage t em perature –65 ° C to + 125 ° C

Voltage on any signal ( except  VCC,  VPP and VCCQ) –0.5 V to + 4.1 V 1

VPP voltage –0.2 V to + 10 V 1,2,3

VCC volt age –0.2 V to + 2.5 V 1

VCCQ volt age –0.2 V to + 4.1 V 1

Output  shor t  circuit  current 100 mA 4

No t es :
1. Volt ages shown are specified w it h respect  t o VSS. Minim um  DC volt age is –0.5 V on input / output  signals and –0.2 V on 

VCC, VCCQ, and VPP.  Dur ing t ransit ions,  this level may undershoot  t o –2.0 V for  periods less t han 20 ns.  Maxim um DC 
volt age on VCC is VCC +  0.5 V, which, during t ransit ions, m ay overshoot  t o VCC +  2.0 V for  per iods less than 20 ns. 
Maxim um DC voltage on input / output  signals and VCCQ is VCCQ +  0.5 V, which, during t ransit ions,  m ay overshoot  to 
VCCQ +  2.0 V for  per iods less than 20 ns.

2. Maxim um DC voltage on VPP may overshoot  to + 11.5 V for periods less t han 20 ns.
3. Program/ erase volt age is typically  1.7 V – 2.0 V.  9.0 V can be applied for 80 hours maximum  total,  to any blocks for  

1000 cycles maximum . 9.0 V program/ erase voltage may reduce block  cycling capability.
4. Output  shor ted for no m ore than one second.  No more than one output  shor ted at  a t ime.

Tab le  2 5 : Op er at in g  Co n d i t ion s

Sy m b ol Par am et er Min Max Un i t s Not es

TC Operat ing Temperature –40 + 85 °C 1

VCC VCC Supply Voltage 1.7 2.0

V

3

VCCQ I / O Supply  Volt age
CMOS inputs 1.7 3.6

TTL inputs 2.4 3.6

VPPL VPP Volt age Supply  ( Logic Level) 0.9 3.6

2

VPPH Factory word program ming VPP 8.5 9.5

t PPH Maximum  VPP Hours VPP =  VPPH - 80 Hours

Block 
Erase 
Cycles

Main and Parameter  Blocks VPP = VPPL 100,000 -

CyclesMain Blocks VPP =  VPPH - 1000

Parameter Blocks VPP =  VPPH - 2500

No t es :
1. TC = Case Temperature.
2. In t ypical operat ion VPP program voltage is VPPL.
3. 40Mhz burst  operat ion on the TSOP package has a m in Vcc value of 1.85V. Please refer  to t he latest  Specificat ion Update 

regarding synchronous burst  operat ion with the TSOP package
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1 4 .0 Elect r i ca l  Sp eci f icat io n s

1 4 .1 DC Cu r r en t  Ch ar act er i st ics

Tab le 2 6 : DC Cu r r en t  Ch ar act e r ist i cs  ( Sh ee t  1  o f  2 )

Sy m Pa r am et er

CMOS 
I n p u t s

( VCCQ =  
1 .7  V -  3 .6  

V)

TTL I n p u t s
( V CCQ  =  

2 .4  V  -  3 .6  
V) Un i t Test  Co n d i t i o n s No t es

Ty p Max Ty p Max

I LI I nput  Load Current - ± 1 - ± 2 µA
VCC =  VCCMax
VCCQ =  VCCQMax
VIN =  VCCQ or VSS

1

I LO

Output  
Leakage 
Current

DQ[ 15: 0] ,  WAI T - ± 1 - ± 10 µA
VCC =  VCCMax
VCCQ =  VCCQMax
VIN =  VCCQ or VSS

I CCS,

I CCD 

VCC Standby,

Power Down

64-Mbit 20 35 20 35

µA

VCC =  VCCMax
VCCQ =  VCCQMax  
CE#  =  VCCQ
RST#  =  VCCQ ( for  I CCS)
RST#  =  VSS ( for  I CCD)
WP#  =  VI H

1,2
128-Mbit 30 75 30 75

256-Mbit 55 115 55 200

512-Mbit 110 230 110 400

I CCR

Average 
VCC 
Read 
Current

Asynchronous Single-
Word f =  5 MHz (1 CLK)

14 16 14 16 m A 1-Word Read

VCC =  VCCMax

CE#  =  VI L

OE#  =  VIH

I nputs:  VI L or  
VI H

1

Page-Mode Read
f =  13 MHz (5 CLK)

9 10 9 10 m A 4-Word Read

Synchronous Burst  
f =  40 MHz

13 17 n/ a n/ a m A BL =  4W

15 19 n/ a n/ a m A BL =  8W

17 21 n/ a n/ a m A BL =  16W

21 26 n/ a n/ a m A BL =  Cont .

Synchronous Burst  
f =  52MHz

16 19 n/ a n/ a m A BL =  4W

19 23 n/ a n/ a m A BL =  8W

22 26 n/ a n/ a m A BL =  16W

23 28 n/ a n/ a m A BL =  Cont .

I CCW,

I CCE

VCC Program Current ,  

VCC Erase Current

36 51 36 51
m A

VPP =  VPPL, pgm / ers in progress 1,3,5

26 33 26 33 VPP =  VPPH,  pgm/ ers in progress 1,3,5

I CCWS,

I CCES

VCC Program Suspend 
Current ,

VCC Erase 
Suspend Current

64-Mbit 20 35 20 35

µA
CE#  =  VCCQ;  suspend in 
progress

1,3,4
128-Mbit 30 75 30 75

256-Mbit 55 115 55 200

512-Mbit 110 230 110 400

I PPS,

I PPWS,

IPPES

VPP Standby Current ,

VPP Program Suspend Current ,

VPP Erase Suspend Current

0.2 5 0.2 5 µA VPP =  VPPL, suspend in progress 1,3

I PPR VPP Read 2 15 2 15 µA VPP =  VPPL 1,3

I PPW VPP Program  Current
0.05 0.10 0.05 0.10

m A
VPP =  VPPL, program in progress

8 22 8 22 VPP =  VPPH, program  in progress
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1 4 .2 DC Vo l t ag e Ch ar act e r ist ics

I PPE VPP Erase Current
0.05 0.10 0.05 0.10

mA
VPP =  VPPL, erase in progress

8 22 8 22 VPP =  VPPH, erase in progress

No t es :
1. All currents are RMS unless noted.  Typical values at  t ypical VCC,  TC =  + 25 ° C.
2. I CCS is t he average current  measured over  any  5 ms t ime interval 5 µs after  CE#  is deasserted.
3. Sam pled, not  100%  tested.
4. I CCES is specified wit h the device deselected.  I f device is read while in erase suspend,  current  is I CCES plus I CCR.
5. I CCW,  I CCE m easured over  typical or max t im es specified in Sect ion 16.0, “ Program  and Erase 

Character ist ics”  on page 66 .

Tab le  2 7 : DC Vo l t ag e Ch ar act e r ist i cs

Sy m Par am et er

CMOS I n p u t s  
( VCCQ =  1 .7  V  –  3 .6  V)

TTL I n p u t s  ( 1 )

( VCCQ =  2 .4  V  –  3 .6  V)
Un i t Test  Con d i t io n No t es

Min Max Min Max

VI L I nput  Low Voltage 0 0.4 0 0.6 V
2

VIH I nput  High Volt age VCCQ – 0.4 V VCCQ 2.0 VCCQ V

VOL Output  Low Volt age - 0.1 - 0.1 V
VCC =  VCCMin
VCCQ =  VCCQMin
I OL =  100 µA

VOH Output  High Volt age VCCQ – 0.1 - VCCQ – 0.1 - V
VCC =  VCCMin
VCCQ =  VCCQMin
I OH =  –100 µA

VPPLK VPP Lock-Out  Volt age - 0.4 - 0.4 V 3

VLKO VCC Lock  Voltage 1.0 - 1.0 - V

VLKOQ VCCQ Lock Voltage 0.9 - 0.9 - V

No t es :
1. Synchronous read m ode is not  suppor ted wit h TTL inputs.
2. VI L can undershoot  to –0.4 V and VI H can overshoot  to VCCQ +  0.4 V for  durat ions of 20 ns or  less.
3. VPP ≤ VPPLK inhibits erase and program operat ions. Do not  use VPPL and VPPH outside their  valid ranges.

Tab le  2 6 : DC Cu r r en t  Ch ar act er ist i cs ( Sh eet  2  o f  2 )

Sy m Par am et er

CMOS 
I n p u t s

( VCCQ  =  
1 .7  V -  3 .6  

V)

TTL I n p u t s
( VCCQ  =  

2 .4  V -  3 .6  
V) Un i t Test  Co n d i t io n s No t es

Ty p Max Ty p Max



P3 0

Datasheet August  2008
54 306666-12

1 5 .0 AC Ch ar act er i st i cs

1 5 .1 AC Test  Co n d i t io n s

No t e : AC test  inputs are dr iven at  VCCQ for  Logic "1"  and 0 V for  Logic "0."  I nput / output  t im ing begins/ ends at  VCCQ/ 2.  I nput  r ise 
and fall t imes (10%  to 90% )  <  5 ns.  Worst  case speed occurs at  VCC =  VCCMin.

No t es :
1. See the follow ing table for  com ponent  values.
2. Test  configurat ion component value for worst- case speed condit ions.
3. CL includes j ig capacitance.
.

Fig u r e  1 8 : AC I n p u t / Ou t p u t  Ref er en ce  W av e fo r m

Fig u r e  1 9 : Tr an s ien t  Eq u iv a len t  Test in g  Lo ad  Ci r cu i t

Tab le 2 8 : Test  Co n f ig u r at ion  Com p o n en t  Va lu e Fo r  W or st  Case Sp eed  Con d i t io n s

Test  Co n f ig u r a t i o n CL  ( p F)  

VCCQMin Standard Test 30

Fig u r e  2 0 : Clo ck  I n p u t  AC W av e fo r m

IO_REF.WMF

Input V
CCQ

/2 V
CCQ

/2 Output

V
CCQ

0V

Test Points

Device
Under Test

Out

C
L

CLK [C]
V

IH

V
IL

R203R202

R201



August  2008 Datasheet
Order Num ber:  306666-12 55

P3 0

1 5 .2 Capaci t an ce  

1 5 .3 AC Read  Sp eci f i cat io n s 

Tab le  2 9 : Cap aci t an ce

Par am et er Sig n a l s M in Ty p Max Un i t Co n d i t i on No t es

I nput  Capacitance

Address,  Data, 
CE# , WE# , OE# , 

RST# , CLK, ADV# , 
WP#

2 6 7 pF

Typ tem p =  25 °C,  
Max tem p =  85 °C, 
VCC =  (0 V -  2.0 V) , 

VCCQ =  ( 0 V -  3.6 V) , 
Discrete silicon die

1,2,3

Output  Capacitance Data,  WAIT 2 4 5 pF

No t es :
1. Capacit ance values are for  a single die;  for  2-die and 4-die stacks, mult iply  the capacit ance values by t he number of 

dies in the stack.
2. Sam pled, but  not  100%  tested.
3. Silicon die capacit ance only ;  add 1 pF for discrete packages.

Tab le  3 0 : AC Read  Sp eci f i cat ion s f o r  6 4 / 1 2 8 -  Mb i t  Den s i t ies ( Sh eet  1  o f  2 )

Nu m Sy m b o l Par am et er Min Max Un i t No t es

Asy n ch r o n o u s Sp eci f ica t i o n s

R1 tAVAV Read cycle t ime 85 - ns

R2 tAVQV Address to output  valid - 85 ns

R3 tELQV CE#  low to output  valid - 85 ns

R4 tGLQV OE#  low to output  valid - 25 ns 1,2

R5 tPHQV RST#  high t o output  valid - 150 ns 1

R6 tELQX CE#  low to output  in low-Z 0 - ns 1,3

R7 tGLQX OE#  low to output  in low-Z 0 - ns 1,2,3

R8 tEHQZ CE#  high to output  in high-Z - 24 ns

1,3
R9 tGHQZ OE#  high to output  in high-Z - 24 ns

R10 tOH
Output  hold from  first  occurr ing address, CE# , or  
OE#  change

0 - ns

R11 tEHEL CE#  pulse width high 20 - ns
1

R12 tELTV CE#  low to WAIT valid - 17 ns

R13 tEHTZ CE#  high to WAIT high-Z - 20 ns 1,3

R15 tGLTV OE#  low to WAIT valid - 17 ns 1

R16 tGLTX OE#  low to WAIT in low-Z 0 - ns
1,3

R17 tGHTZ OE#  high to WAIT in high-Z - 20 ns

Lat ch in g  Sp eci f ica t i o n s

R101 tAVVH Address setup to ADV#  high 10 - ns

1

R102 tELVH CE#  low t o ADV#  high 10 - ns

R103 tVLQV ADV#  low to output  valid - 85 ns

R104 tVLVH ADV#  pulse width low 10 - ns

R105 tVHVL ADV#  pulse width high 10 - ns

R106 tVHAX Address hold from  ADV#  high 9 - ns 1,4
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R108 t APA Page address access - 25 ns
1

R111 t phvh RST#  high to ADV#  high 30 - ns

Clo ck  Sp eci f i ca t i on s

R200 fCLK CLK frequency
- 52 MHz

1,3,5,6

TSOP - 40 MHz

R201 t CLK CLK per iod
19.2 - ns

TSOP 25 - ns

R202 t CH/ CL CLK high/ low t im e 5 - ns

R203 t FCLK/ RCLK CLK fall/ rise t ime - 3 ns

Sy n ch r o n o u s Sp eci f ica t i o n s ( 5 ,6 )

R301 t AVCH/ L Address setup to CLK 9 - ns

1
R302 t VLCH/ L ADV#  low setup t o CLK 9 - ns

R303 t ELCH/ L CE#  low setup to CLK 9 - ns

R304 t CHQV /  tCLQV CLK to output  valid - 17 ns

R305 t CHQX Output  hold f rom  CLK 3 - ns 1,7

R306 t CHAX Address hold from  CLK 10 - ns 1,4,7

R307 t CHTV CLK to WAIT valid - 17 ns 1,7

R311 t CHVL CLK Valid t o ADV#  Setup 3 - ns 1

R312 t CHTX WAIT Hold from  CLK 3 - ns 1,7

N ot es:
1. See Figure 18, “AC I nput / Output  Reference Waveform ”  on page 54  for  t im ing m easurem ents and max 

allowable input  slew rate.
2. OE#  may be delayed by up to tELQV – tGLQV aft er  CE# ’s falling edge without  impact  t o tELQV.
3. Sampled,  not  100%  tested.
4. Address hold in synchronous burst  m ode is tCHAX or tVHAX,  whichever  t im ing specificat ion is sat isfied first .
5. Please see the latest  P30 Spec Update for  synchronous burst  operat ion wit h the TSOP package.
6. Synchronous read m ode is not  suppor ted with TTL level inputs.
7. Applies only t o subsequent  synchronous reads.

Tab le 3 1 : AC Read  Sp eci f i ca t io n s f o r  2 5 6 / 5 1 2 - Mb i t  Den s i t ies   ( Sh eet  1  o f  3 )

Nu m Sy m b ol Par am et er Sp eed M in Max Un it No t es

Asy n ch r on ou s Sp eci f i ca t i on s

R1 t AVAV Read cycle t im e

VCC =  1.8 V � 2.0 
V

85 -

ns
VCC =  1.7 V � 2.0 
V

88 -

256/ 512-Mb TSOP 
packages

95

R2 t AVQV Address t o output  valid

VCC =  1.8 V � 2.0 
V

- 85

ns
VCC =  1.7 V � 2.0 
V

- 88

256/ 512-Mb TSOP 
packages

- 95

Tab le 3 0 : AC Read  Sp eci f i ca t io n s f o r  6 4 / 1 2 8 -  Mb i t  Den si t ies ( Sh eet  2  o f  2 )

Nu m Sy m b ol Par am et er M in Max Un i t No t es
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R3 tELQV CE#  low to output  valid

VCC =  1.8 V � 2.0 
V

- 85

ns
VCC =  1.7 V � 2.0 
V

- 88

256/ 512-Mb TSOP 
packages

- 95

R4 tGLQV OE#  low to output  valid - 25 ns 1,2

R5 tPHQV RST#  high t o output  valid - 150 ns 1

R6 tELQX CE#  low to output  in low-Z 0 - ns 1,3

R7 tGLQX OE#  low to output  in low-Z 0 - ns 1,2,3

R8 tEHQZ CE#  high to output  in high-Z - 24 ns

1,3
R9 tGHQZ OE#  high to output  in high-Z - 24 ns

R10 tOH
Output  hold from  first  occurring address, CE# , or  OE#  
change

0 - ns

R11 tEHEL CE#  pulse width high 20 - ns
1

R12 tELTV CE#  low to WAIT valid - 17 ns

R13 tEHTZ CE#  high to WAIT high-Z - 20 ns 1,3

R15 tGLTV OE#  low to WAIT valid - 17 ns 1

R16 tGLTX OE#  low to WAIT in low-Z 0 - ns
1,3

R17 tGHTZ OE#  high to WAIT in high-Z - 20 ns

Lat ch in g  Sp eci f ica t i o n s

R101 tAVVH Address setup to ADV#  high 10 - ns

1

R102 tELVH CE#  low t o ADV#  high 10 - ns

R103 tVLQV ADV#  low to output  valid

VCC =  1.8 V � 2.0 
V

- 85

ns
VCC =  1.7 V � 2.0 
V

- 88

256/ 512-Mb TSOP 
packages

- 95

R104 tVLVH ADV#  pulse width low 10 - ns

R105 tVHVL ADV#  pulse width high 10 - ns

R106 tVHAX Address hold from  ADV#  high 9 - ns 1,4

R108 tAPA Page address access - 25 ns
1

R111 tphvh RST#  high to ADV#  high 30 - ns

Clock  Sp eci f ica t i o n s

R200 fCLK CLK frequency
- 52 MHz 1,3,5,6

TSOP Package - 40 MHz

R201 tCLK CLK per iod
19.2 - ns

TSOP Package 25 - ns

R202 tCH/ CL CLK high/ low  t ime 5 - ns

R203 tFCLK/ RCLK CLK fall/ r ise t im e - 3 ns

Sy n ch r o n ou s Sp ec i f i ca t i on s ( 5 ,6 )

Tab le  3 1 : AC Read  Sp eci f i cat ion s f o r  2 5 6 / 5 1 2 - Mb i t  Den si t i es  ( Sh eet  2  o f  3 )

Nu m Sy m b o l Par am et er Sp eed M in Max Un i t No t es
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R301 t AVCH/ L Address setup to CLK 9 - ns

1
R302 t VLCH/ L ADV#  low setup t o CLK 9 - ns

R303 t ELCH/ L CE#  low setup to CLK 9 - ns

R304 t CHQV /  tCLQV CLK to output  valid - 17 ns

R305 t CHQX Output  hold f rom  CLK 3 - ns 1,7

R306 t CHAX Address hold from  CLK 10 - ns 1,4,7

R307 t CHTV CLK to WAIT valid - 17 ns 1,7

R311 t CHVL CLK Valid t o ADV#  Setup 3 - ns 1

R312 t CHTX WAIT Hold from  CLK 3 - ns 1,7

N ot es:
1. See Figure 18, “AC I nput / Output  Reference Waveform ”  on page 54  for  t im ing measurements and max 

allowable input  slew rate.
2. OE#  may be delayed by up to tELQV – tGLQV aft er  CE# ’s falling edge without  impact  t o tELQV.
3. Sampled,  not  100%  tested.
4. Address hold in synchronous burst  m ode is tCHAX or tVHAX,  whichever  t im ing specificat ion is sat isfied first .
5. Please see the latest  P30 Spec Update for  synchronous burst  operat ion wit h the TSOP package.
6. Synchronous read m ode is not  suppor ted with TTL level inputs.
7. Applies only t o subsequent  synchronous reads.

Tab le 3 1 : AC Read  Sp eci f i ca t io n s f o r  2 5 6 / 5 1 2 - Mb i t  Den s i t ies   ( Sh eet  3  o f  3 )

Nu m Sy m b ol Par am et er Sp eed M in Max Un it No t es

Tab le 3 2 : AC Read  Sp eci f ica t io n  d i f f er en ces f o r  6 5 n m

Nu m Sy m b ol Par am et er M in Max Un i t No t es

Asy n ch r on ou s Sp eci f i ca t i on s

R1 tAVAV Read cycle t im e
100 - ns 2

 TSOP 110 ns 2

R2 tAVQV Address t o output  valid
- 100 ns 2

TSOP 110 ns 2

R3 tELQV CE#  low to output  valid
- 100 ns 2

TSOP 110 ns 2

R103
t VLQV

ADV#  low to output  valid

- 100 ns 1,2

TSOP 110 ns 2

N ot es:
1. See Figure 18, “AC Input / Output  Reference Waveform ”  on page 54  for  t im ing m easurements and 

m ax allowable input  slew rate.
2. This is t he recomm ended specificat ion for  all new designs support ing both 130nm and 65nm  lithos, or  for  new designs 

that  will use the 65nm  lithography.
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No t e : WAIT shown deasser ted during asynchronous read mode (RCR[ 10] = 0, Wait  asser ted low) .

No t e : WAIT shown deasser ted during asynchronous read mode (RCR[ 10] = 0, Wait  asser ted low) .

Fig u r e 2 1 : Asy n ch r o n o u s Sin g le- W or d  Read  ( ADV#  Low )
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R1
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ADV#

CE# [E}

OE# [G]

WAIT [T]

Data [D/Q]

RST# [P]

Fig u r e 2 2 : Asy n ch r o n o u s Sin g le- W or d  Read  ( ADV#  Lat ch )
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No t e : WAIT shown deasser ted dur ing asynchronous read m ode (RCR[ 10] = 0,  Wait  asserted low).

1. WAIT is dr iven per  OE#  asser t ion dur ing synchronous array or  non-array read, and can be configured to assert  eit her  
dur ing or  one data cycle before valid data.

2. This diagram  illustrates t he case in which an n-word burst  is init iated t o the flash m em ory  array and it  is t erm inated by  
CE#  deasser t ion aft er t he f irst  word in t he burst .

Fig u r e  2 3 : Asyn ch r on ou s Pag e- Mod e Read  Tim in g

R108 R9R7
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Fig u r e  2 4 : Sy n ch r o n o u s Si n g le - W or d  Ar r ay  o r  N on - a r r ay  Read  Tim in g
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No t es:
1. WAIT is dr iven per OE#  assert ion during synchronous array  or  non-array  read,  and can be configured to asser t  eit her  

dur ing or  one data cycle before valid data.
2. At  t he end of Word Line;  the delay incurred when a burst  access crosses a 16-word boundary  and the star t ing address is 

not  4-word boundary  aligned.

No t e : WAIT is dr iven per OE#  assert ion during synchronous array  or  non-array  read.  WAIT asser ted during init ial latency  and 
deasser ted dur ing valid data (RCR[ 10]  =  0,  Wait  asser ted low) .

Fig u r e 2 5 : Con t in u ou s Bu r st  Read , Sh o w in g  An  Ou t p u t  De lay  Tim in g

Fig u r e 2 6 : Sy n ch r on ou s Bu r st - Mo d e Fo u r - W or d  Read  Tim in g
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1 5 .4 AC W r i t e  Speci f i cat io n s

Tab le 3 3 : AC W r i t e Sp eci f icat i on s

Nu m Sy m b o l Par am et er M in Max Un i t No t es

W1 tPHWL RST#  high recovery  to WE#  low 150 - ns 1,2,3

W2 tELWL CE#  setup to WE#  low 0 - ns 1,2,3

W3 tWLWH WE#  write pulse w idth low 50 - ns 1,2,4

W4 tDVWH Data setup to WE#  high 50 - ns

1,2

W5 tAVWH Address setup to WE#  high 50 - ns

W6 tWHEH CE#  hold from  WE#  high 0 - ns

W7 tWHDX Data hold from  WE#  high 0 - ns

W8 tWHAX Address hold from  WE#  high 0 - ns

W9 tWHWL WE#  pulse width high 20 - ns 1,2,5

W10 tVPWH VPP setup to WE#  high 200 - ns
1,2,3,7

W11 tQVVL VPP hold from  Status read 0 - ns

W12 tQVBL WP#  hold from  Status read 0 - ns
1,2,3,7

W13 tBHWH WP#  setup to WE#  high 200 - ns

W14 tWHGL WE#  high t o OE#  low 0 - ns 1,2,9

W16 tWHQV WE#  high to read valid tAVQV +  35 - ns 1,2,3,6,10

Write t o Asynchronous Read Specificat ions

W18 tWHAV WE#  high to Address valid 0 - ns 1,2,3,6,8

Write to Synchronous Read Specificat ions

W19 tWHCH/ L WE#  high to Clock  valid 19 - ns
1,2,3,6,10

W20 tWHVH WE#  high to ADV#  high 19 - ns

Write Specificat ions with Clock Act ive

W21 tVHWL ADV#  high t o WE#  low - 20 ns
1,2,3,11

W22 tCHWL Clock high to WE#  low - 20 ns

N ot es:
1. Write t im ing characterist ics dur ing erase suspend are the same as write-only operat ions.
2. A wr it e operat ion can be term inated with eit her  CE#  or  WE# .
3. Sampled,  not  100%  tested. 
4. Write pulse width low ( tWLWH or t ELEH)  is defined from  CE#  or  WE#  low  (whichever occurs last )  to CE#  or  WE#  high 

(whichever  occurs first ) .  Hence, tWLWH =  t ELEH =  t WLEH =  tELWH.
5. Write pulse width high ( tWHWL or t EHEL)  is def ined from  CE#  or  WE#  high (whichever  occurs f irst )  t o CE#  or WE#  low 

(whichever  occurs last) .  Hence,  tWHWL =  tEHEL =  t WHEL =  t EHWL) .
6. tWHVH or tWHCH/ L m ust  be m et  when t ransit ioning from  a wr it e cycle to a synchronous burst  read.
7. VPP and WP#  should be at  a valid level unt il erase or  program success is determ ined.
8. This specificat ion is only  applicable when t ransit ioning from  a write cycle t o an asynchronous read. See spec W19 and 

W20 for synchronous read.
9. When doing a Read Status operat ion following any com mand that  alt ers t he Status Register,  W14 is 20 ns.
10. Add 10 ns if the wr it e operat ion results in a RCR or  block  lock status change,  for  the subsequent  read operat ion t o reflect  

t his change.
11. These specs are required only  when the device is in a synchronous mode and clock is act ive dur ing address setup phase.
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No t e : WAIT deasser ted during asynchronous read and dur ing wr it e.  WAIT High-Z dur ing wr it e per  OE#  deasserted.

Fig u r e 2 7 : W r i t e- t o - W r i t e Tim in g
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Fig u r e 2 8 : Asy n ch r o n o u s Read - t o - W r i t e Tim in g
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No t e : WAIT shown deasser ted and High-Z per  OE#  deassert ion dur ing wr it e operat ion (RCR[ 10] = 0, Wait  asserted low) . Clock is 
ignored dur ing wr it e operat ion.

Fig u r e  2 9 : W r i t e - t o - Asyn ch r on ou s Read  Tim in g
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Fig u r e  3 0 : Sy n ch r o n o u s Read - t o - W r i t e  Tim in g
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No t e : WAIT shown deasser ted and High-Z per  OE#  deasser t ion dur ing write operat ion (RCR[ 10] = 0,  Wait  asserted low).

Fig u r e 3 1 : W r i t e- t o - Sy n ch r on ou s Read  Ti m i n g
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1 6 .0 Pr o g r am  an d  Er ase Ch ar act er i st i cs

Tab le 3 4 : Pr o g r am  an d  Er ase Sp ec i f i cat i on s

N u m Sy m b o l Par am et er

VPPL VPPH

Un i t s No t es

M in Ty p Max Min Ty p Max

Convent ional Word Programm ing

W200 t PROG/ W
Program 
Tim e

Single word -  130nm - 90 200 - 85 190

µs 1Single word -  65nm - 150 456 - 150 456

Single cell - 30 60 - 30 60

Buffered Program m ing

W200 t PROG/ W Program 
Tim e

Single word - 90 200 - 85 190
µs 1

W251 t BUFF 32-word buffer - 440 880 - 340 680

Buffered Enhanced Factory Program ming

W451 t BEFP/ W
Program

Single word n/ a n/ a n/ a - 10 -
µs

1,2

W452 t BEFP/ Setup BEFP Setup n/ a n/ a n/ a 5 - - 1

Erasing and Suspending

W500 t ERS/ PB
Erase Tim e

32-KByte Parameter - 0.4 2.5 - 0.4 2.5
s

1
W501 t ERS/ MB 128-KByte Main - 1.2 4.0 - 1.0 4.0

W600 t SUSP/ P

Suspend 
Latency

Program  suspend - 20 25 - 20 25

µsW601 t SUSP/ E Erase suspend - 20 25 - 20 25

W602 t ERS/ SUSP Erase to Suspend - 500 - - 500 - 1,3

N ot es:
1. Typical values measured at TC = +25 °C and nominal voltages. Performance numbers are valid for all speed versions. Excludes system 

overhead. Sampled, but not 100% tested.
2. Averaged over ent ire dev ice.
3. W602 is t he typical t ime between an init ial block erase or  erase resume com mand and the a subsequent  erase suspend 

com mand. Violat ing the specificat ion repeatedly dur ing any par t icular  block erase m ay cause erase failures.
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1 7 .0 Or d er in g  I n f o r m at io n

1 7 .1 Discr e t e Pr od u ct s

Fig u r e 3 2 : Decod er  fo r  D iscr e t e P3 0

F 6 4 P 3 0 B8E 2T 0

Product Line  Designator
28F = Intel® Flash Memory

Package Designator
TE = 56-Lead TSOP, leaded

JS = 56-Lead TSOP, lead-free

RC = 64-Ball Easy BGA, leaded

PC = 64-Ball Easy BGA, lead-free

Device Density
640 = 64-Mbit

128 = 128-Mbit

256 = 256-Mbit

Product Family
P30 = Intel StrataFlash® Embedded Memory

VCC = 1.7 � 2.0 V

VCCQ = 1.7 � 3.6 V

Access Speed
85 ns

Parameter Location
B = Bottom Parameter

T = Top Parameter

8 5

Tab le  3 5 : Va l id  Co m b in a t io n s f o r  D iscr e t e  Pr o d u ct s

6 4 - Mb it 1 2 8 - Mb it 2 5 6 - Mb i t

TE28F640P30B85 TE28F128P30B85 TE28F256P30B95

TE28F640P30T85 TE28F128P30T85 TE28F256P30T95

JS28F640P30B85 JS28F128P30B85 JS28F256P30B95

JS28F640P30T85 JS28F128P30T85 JS28F256P30T95

RC28F640P30B85 RC28F128P30B85 RC28F256P30B85

RC28F640P30T85 RC28F128P30T85 RC28F256P30T85

PC28F640P30B85 PC28F128P30B85 PC28F256P30B85

PC28F640P30T85 PC28F128P30T85 PC28F256P30T85
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1 7 .2 SCSP Pr o du ct s

Note: For 512-Mbit  only, “B”  is used for both top and bot tom  Param eter/ Mux configurat ions.

No t e : *  The “B”  parameter  is used for  both “ top”  and “bot tom ”  opt ions in t he 512-Mbit  density.

Fig u r e  3 3 : Deco d er  f o r  SCSP P3 0

Tab le 3 6 : Val id  Com b in a t ion s f o r  Du a l -  D ie  Pr o d u ct s

6 4 - Mb i t 1 2 8 - Mb i t 2 5 6 - Mb i t 5 1 2 - Mb i t *

RD48F2000P0ZBQ0 RD48F3000P0ZBQ0 RD48F4000P0ZBQ0 RD48F4400P0VBQ0

RD48F2000P0ZTQ0 RD48F3000P0ZTQ0 RD48F4000P0ZTQ0 PF48F4400P0VBQ0

PF48F2000P0ZBQ0 PF48F3000P0ZBQ0 PF48F4000P0ZBQ0 RC48F4400P0VB00

PF48F2000P0ZTQ0 PF48F3000P0ZTQ0 PF48F4000P0ZTQ0 PC48F4400P0VB00

TE48F4400P0VB00

JS48F4400P0VB00

F 4 0 P 0 Z B8D 4R 0 0 Q

Group Designator
48F = Flash Memory only

Package Designator
RD = Intel

®
 SCSP, leaded

PF = Intel
®
 SCSP, lead-free

RC = 64-Ball Easy BGA, leaded

PC = 64-Ball Easy BGA, lead-free

TE = 56-Lead TSOP, leaded

JS = 56-Lead TSOP, lead-free

Flash Density
0 = No die

2 = 64-Mbit

3 = 128-Mbit

4 = 256-Mbit
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Product Family
P = Intel StrataFlash® Embedded Memory 

0 = No die

Device Details
0 = Original version of the product 

(refer to the latest version of the 

datasheet for details)

Ballout Designator
Q = QUAD+ ballout

0 = Discrete ballout

Parameter, Mux Configuration
B = Bottom Parameter, Non Mux

T = Top Parameter, Non Mux

I/O Voltage, CE# Configuration
Z = Individual Chip Enable(s)

V = Virtual Chip Enable(s)

VCC = 1.7 V � 2.0 V

VCCQ = 1.7 V � 3.6 V
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Ap p en d ix  A Su p p lem en t a l  Ref er en ce I n f o r m at io n

A.1 Com m o n  Flash  I n t er f ace Tab les

The Com m on Flash Interface (CFI )  is part  of an overall specificat ion for m ult iple 
com m and-set  and cont rol- interface descr ipt ions. This appendix  descr ibes the database 
st ructure containing the data returned by a read operat ion after issuing the Read CFI  
com m and (see Sect ion 6.0, “Com m and Set ”  on page 23) .  System  software can parse 
this database st ructure to obtain inform at ion about  t he f lash device,  such as block size,  
density,  bus w idth, and elect r ical specif icat ions. The system  software will then know 
which com m and set(s)  t o use to proper ly perform  flash writes, block erases, reads and 
otherwise control the flash device.

A.1 .1 CFI  St r u ct u r e Ou t p u t

The CFI  database allows system  software to obtain inform at ion for controlling the f lash 
device. This sect ion describes the device’s CFI -com pliant  interface that  allows access to 
CFI  data.

CFI  data are presented on the lowest-order data outputs (DQ7-0)  only. The num erical 
offset  value is the address relat ive to the m axim um  bus width supported by the dev ice. 
On this fam ily of devices, t he CFI  table dev ice start ing address is a 10h, which is a word 
address for x16 devices.

For a word-wide (x16)  device, t he first  two CFI -st ructure bytes, ASCI I  “Q”  and “R,”  
appear on the low byte at  word addresses 10h and 11h. This CFI - com pliant  dev ice 
outputs 00h data on upper bytes. The device outputs ASCI I  “ Q”  in t he low byte (DQ7-0)  
and 00h in the high byte (DQ15-8) .

At  CFI  addresses containing two or m ore bytes of inform at ion, t he least  signif icant  data 
byte is presented at  t he lower address, and the m ost  signif icant  data byte is presented 
at  t he higher address.

In all of the following tables, addresses and data are represented in hexadecim al 
notat ion, so the “h”  suff ix has been dropped. I n addit ion, since the upper byte of word-
wide devices is always “00h,”  t he leading “00”  has been dropped from  the table 
notat ion and only the lower byte value is shown. Any x16 device outputs can be 
assum ed to have 00h on the upper by te in this m ode.

Tab le  3 7 : Su m m ar y  o f  CFI  St r u ct u r e  Ou t p u t  as a  Fu n ct i on  o f  Dev ice  an d  Mo de

Device
Hex

Offset

Hex

Code

ASCII

Value

00010: 51 "Q"

Device Addresses 00011: 52 "R"

00012: 59 "Y"
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Tab le 3 8 : Ex am p l e o f  CFI  St r u ct u r e Ou t p u t  o f  x 1 6 -  Dev ices

A.1 .2 CFI  St r u ct u r e Ov er v iew

The CFI  com m and causes the f lash com ponent  t o display the Com m on Flash I nterface 
(CFI )  CFI  st ructure or “ database.”  The st ructure sub-sect ions and address locat ions are 
sum m arized below.

Tab le 3 9 : CFI  St r u ct u r e

No t es :
1. Refer  to t he CFI  Structure Output  sect ion and offset  28h for  t he detailed definit ion of offset  address as a funct ion of device 

bus width and mode.
2. BA =  Block  Address beginning locat ion ( i.e.,  08000h is block 1’s beginning locat ion when the block  size is 32-KWord) .
3. Offset  15 defines “P”  which points t o t he Pr im ary Num onyx-specific Ex tended CFI  Table.

A.1 .3 Read  CFI  I d en t i f icat i on  St r i n g

The Ident if icat ion Str ing provides ver if icat ion that  the com ponent  supports t he 
Com m on Flash I nterface specif icat ion. I t  also indicates the specif icat ion version and 
supported vendor-specif ied com m and set (s) .

Tab le 4 0 : CFI  I d en t i f i cat i on

Word Addressing: Byte Addressing: 

Offset Hex Code Value Offset Hex Code Value

AX–A0 D15–D0 AX–A0 D7–D0

00010h 0051 "Q" 00010h 51 "Q"

00011h 0052 "R" 00011h 52 "R"

00012h 0059 "Y" 00012h 59 "Y"

00013h P_IDLO PrVendor 00013h P_IDLO PrVendor

00014h P_IDHI ID # 00014h P_IDLO  ID #

00015h PLO PrVendor 00015h P_IDHI ID #

00016h PHI TblAdr 00016h   ...  ...

00017h A_IDLO AltVendor 00017h

00018h A_IDHI ID # 00018h

...   ...   ... ...

Offset Sub-Section Name Description
(1)

00001-Fh Reserved Reserved for vendor-specific information

00010h CFI query identification string Command set ID and vendor data offset

0001Bh System interface information Device timing & voltage information

00027h Device geometry definition Flash device layout

P
(3) Primary Intel-specific Extended Query Table

Vendor-defined additional information specific 

to the Primary Vendor Algorithm

Offset Length Description
Add.

Hex

Code Value

10h 3 Query-unique ASCII string �QRY� 10: --51 "Q"

11: --52 "R"

12: --59 "Y"

13h 2 Primary vendor command set and control interface ID code. 13: --01

16-bit ID code for vendor-specified algorithms 14: --00

15h 2 Extended Query Table primary algorithm address 15: --0A

16: --01

17h 2 Alternate vendor command set and control interface ID code. 17: --00

0000h means no second vendor-specified algorithm exists 18: --00

19h 2 Secondary algorithm Extended Query Table address. 19: --00

0000h means none exists 1A: --00
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Tab le  4 1 : Sy st em  I n t er f ace  I n fo r m at ion

Offset Length Description
Add.

Hex

Code Value

1Bh 1 1B: --17 1.7V

1Ch 1 1C: --20 2.0V

1Dh 1 1D: --85 8.5V

1Eh 1 1E: --95 9.5V

1Fh 1 �n� such that typical single word program time-out = 2n μ-sec 1F: --08 256μs

20h 1 �n� such that typical max. buffer write time-out = 2n μ-sec 20: --09 512μs

21h 1 �n� such that typical block erase time-out = 2n m-sec 21: --0A 1s

22h 1 �n� such that typical full chip erase time-out = 2n m-sec 22: --00 NA

23h 1 �n� such that maximum word program time-out = 2n times typical 23: --01 512μs

24h 1 �n� such that maximum buffer write time-out = 2n times typical 24: --01 1024μs

25h 1 �n� such that maximum block erase time-out = 2n times typical 25: --02 4s

26h 1 �n� such that maximum chip erase time-out = 2n times typical 26: --00 NA

VPP [programming] supply minimum program/erase voltage

   bits 0�3  BCD 100 mV

   bits 4�7  HEX volts
VPP [programming] supply maximum program/erase voltage

   bits 0�3  BCD 100 mV

   bits 4�7  HEX volts

VCC logic supply minimum program/erase voltage

   bits 0�3  BCD 100 mV

   bits 4�7  BCD volts
VCC logic supply maximum program/erase voltage

   bits 0�3  BCD 100 mV

   bits 4�7  BCD volts
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A.1 .4 Dev ice Geom et r y  Def in i t i on

Tab le 4 2 : Dev ice  Geo m et r y  Def in i t io n

Offset Length Description Code

27h 1 �n� such that device size = 2n in number of bytes 27: See table below

7 6 5 4 3 2 1 0

28h 2 � � � � x64 x32 x16 x8 28: --01 x16

15 14 13 12 11 10 9 8

� � � � � � � � 29: --00

2Ah 2 �n� such that maximum number of bytes in write buffer = 2n 2A: --06 64

2B: --00

2Ch 1 2C:

2Dh 4 Erase Block Region 1 Information 2D:

bits 0�15 = y, y+1 = number of identical-size erase blocks 2E:

bits 16�31 = z, region erase block(s) size are z x 256 bytes 2F:

30:

31h 4 Erase Block Region 2 Information 31:

bits 0�15 = y, y+1 = number of identical-size erase blocks 32:

bits 16�31 = z, region erase block(s) size are z x 256 bytes 33:

34:

35h 4 Reserved for future erase block region information 35:

36:

37:

38:

See table below

See table below

See table below

See table below

Flash device interface code assignment: 

"n" such that n+1 specifies the bit field that represents the flash 

device width capabilities as described in the table:

Number of erase block regions (x) within device:

   1. x = 0 means no erase blocking; the device erases in bulk 

   2. x specifies the number of device regions with one or  

       more contiguous same-size erase blocks.

   3. Symmetrically blocked partitions have one blocking region

Address 64-Mbit

�B �T �B �T �B �T

27: --17 --17 --18 --18 --19 --19

28: --01 --01 --01 --01 --01 --01

29: --00 --00 --00 --00 --00 --00

2A: --06 --06 --06 --06 --06 --06

2B: --00 --00 --00 --00 --00 --00

2C: --02 --02 --02 --02 --02 --02

2D: --03 --3E --03 --7E --03 --FE

2E: --00 --00 --00 --00 --00 --00

2F: --80 --00 --80 --00 --80 --00

30: --00 --02 --00 --02 --00 --02

31: --3E --03 --7E --03 --FE --03

32: --00 --00 --00 --00 --00 --00

33: --00 --80 --00 --80 --00 --80

34: --02 --00 --02 --00 --02 --00

35: --00 --00 --00 --00 --00 --00

36: --00 --00 --00 --00 --00 --00

37: --00 --00 --00 --00 --00 --00

38: --00 --00 --00 --00 --00 --00

128-Mbit 256-Mbit
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A.1 .5 Nu m o n y x - Sp eci f i c Ex t en d ed  CFI  Tab le

Tab le  4 3 : Pr im ar y  Ven d o r - Sp eci f i c Ex t en d ed  CFI

Discrete

�B �T

�- �- die 1 (B) die 2 (T) die 1 (T) die 2 (B)

112: --00 --00 --40 --00 --40 --00

512-MbitAddress
�B �T

Offset
(1) Length Description Hex

P = 10Ah (Optional flash features and commands) Add. Code Value

(P+0)h 3 Primary extended query table 10A --50 "P"

(P+1)h Unique ASCII string �PRI� 10B: --52 "R"

(P+2)h 10C: --49 "I"

(P+3)h 1 Major version number, ASCII 10D: --31 "1"

(P+4)h 1 Minor version number, ASCII 10E: --34 "4"

(P+5)h 4 Optional feature and command support (1=yes, 0=no) 10F: --E6

(P+6)h bits 11–29 are reserved;  undefined bits are “0.”  If bit 31 is 110: --01

(P+7)h “1” then another 31 bit field of Optional features follows at 111: --00

(P+8)h the end of the bit–30 field. 112:

bit 0  Chip erase supported bit 0  = 0 No

bit 1  Suspend erase supported bit 1  = 1 Yes

bit 2  Suspend program supported bit 2  = 1 Yes

bit 3  Legacy lock/unlock supported bit 3  = 0 No

bit 4  Queued erase supported bit 4  = 0 No

bit 5  Instant individual block locking supported bit 5  = 1 Yes

bit 6  Protection bits supported bit 6  = 1 Yes

bit 7  Pagemode read supported bit 7  = 1 Yes

bit 8  Synchronous read supported bit 8  = 1 Yes

bit 9  Simultaneous operations supported bit 9  = 0 No

bit 10  Extended Flash Array Blocks supported bit 10 = 0 No

bit 30  CFI Link(s) to follow      bit 30

bit 31  Another "Optional Features" field to follow      bit 31

(P+9)h 1 113: --01

bit 0  Program supported after erase suspend bit 0  = 1 Yes

(P+A)h 2 Block status register mask 114: --03

(P+B)h bits 2–15 are Reserved;  undefined bits are “0” 115: --00

bit 0  Block Lock-Bit Status register active bit 0  = 1 Yes

bit 1  Block Lock-Down Bit Status active bit 1  = 1 Yes

bit 4  EFA Block Lock-Bit Status register active bit 4  = 0 No

bit 5  EFA Block Lock-Down Bit Status active bit 5  = 0 No

(P+C)h 1 116: --18 1.8V

(P+D)h 1 117: --90 9.0V

See table below

See 

table 

below

VCC logic supply highest performance program/erase voltage

   bits 0�3  BCD value in 100 mV

   bits 4�7  BCD value in volts

Supported functions after suspend: read Array, Status, Query

   Other supported operations are:

   bits 1�7 reserved; undefined bits are �0�

VPP optimum program/erase supply voltage

   bits 0�3  BCD value in 100 mV

   bits 4�7  HEX value in volts
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Tab le 4 4 : Pr o t ect ion  Reg is t er  I n f o r m at io n

Tab le 4 5 : Bu r s t  Read  I n fo r m at i on

Offset
(1) Length Description Hex

P = 10Ah (Optional flash features and commands) Add. Code Value

(P+E)h 1 118: --02 2

(P+F)h 4 Protection Field 1: Protection Description 119: --80 80h

(P+10)h This field describes user-available One Time Programmable 11A: --00 00h

(P+11)h (OTP) Protection register bytes. Some are pre-programmed  11B: --03 8 byte

(P+12)h 11C: --03 8 byte

(P+13)h 10 Protection Field 2: Protection Description 11D: --89 89h

(P+14)h 11E: --00 00h

(P+15)h 11F: --00 00h

(P+16)h 120: --00 00h

(P+17)h 121: --00 0

(P+18)h bits 40�47 = �n� ∴ n = factory pgm'd groups (high byte) 122: --00 0

(P+19)h 123: --00 0

(P+1A)h 124: --10 16

(P+1B)h 125: --00 0

(P+1C)h 126: --04 16

bits 48�55 = �n� \ 2n = factory programmable bytes/group

bits 56�63 = �n� ∴ n = user pgm'd groups (low byte)

bits 64�71 = �n� ∴ n = user pgm'd groups (high byte)

bits 72�79 = �n� ∴ 2n = user programmable bytes/group

with device-unique serial numbers. Others are user 

programmable. Bits 0�15 point to the Protection register Lock 

byte, the section�s first byte. The following bytes are factory 

pre-programmed and user-programmable.

bits 0�7 = Lock/bytes Jedec-plane physical low address

bits 8�15 = Lock/bytes Jedec-plane physical high address

bits 16�23 = �n� such that 2n = factory pre-programmed bytes

bits 24�31 = �n� such that 2n = user programmable bytes

Bits 0�31 point to the Protection register physical Lock-word 

address in the Jedec-plane.

Following bytes are factory or user-programmable.

bits 32�39 = �n� ∴ n = factory pgm'd groups (low byte)

Number of Protection register fields in JEDEC ID space.

  �00h,� indicates that 256 protection fields are available

Offset
(1) Length Description Hex

P = 10Ah (Optional flash features and commands) Add. Code Value

(P+1D)h 1 127: --03 8 byte

(P+1E)h 1 128: --04 4

(P+1F)h 1 129: --01 4

(P+20)h 1 Synchronous mode read capability configuration 2 12A: --02 8

(P+21)h 1 Synchronous mode read capability configuration 3 12B: --03 16

(P+22)h 1 Synchronous mode read capability configuration 4 12C: --07 Cont

Page Mode Read capability

bits 0�7 = �n� such that 2n HEX value represents the number of 

   read-page bytes. See offset 28h for device word width to 

   determine page-mode data output width.  00h indicates no 

   read page buffer.
Number of synchronous mode read configuration fields that 

follow. 00h indicates no burst capability.

Synchronous mode read capability configuration 1

   Bits 3�7 = Reserved

   bits 0�2 �n� such that 2n+1 HEX value represents the 

   maximum number of continuous synchronous reads when 

   the device is configured for its maximum word width. A value 

   of  07h indicates that the device is capable of continuous 

   linear bursts that will output data until the internal burst 

   counter reaches the end of the device�s burstable address 

   space. This field�s 3-bit value can be written directly to the 

   Read Configuration Register bits 0�2 if the device is 

   configured for its maximum word width. See offset 28h for 

   word width to determine the burst data output width.
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Tab le  4 6 : Par t i t io n  an d  Er ase Blo ck  Reg ion  I n f o r m at ion

Tab le  4 7 : Par t i t io n  Reg i on  1  I n f o r m at io n

Offset
(1) See table below

P = 10Ah Description Address

Bottom Top (Optional flash features and commands) Len Bot Top

(P+23)h (P+23)h

1 12D: 12D:Number of device hardware-partition regions within the device.

   x = 0: a single hardware partition device (no fields follow).

   x specifies the number of device partition regions containing 

   one or more contiguous erase block regions.

Offset
(1) See table below

P = 10Ah Description Address

Bottom Top (Optional flash features and commands) Len Bot Top

(P+24)h (P+24)h Data size of this Parition Region Information field 2 12E: 12E

(P+25)h (P+25)h  (# addressable locations, including this field) 12F 12F

(P+26)h (P+26)h Number of identical partitions within the partition region 2 130: 130:

(P+27)h (P+27)h 131: 131:

(P+28)h (P+28)h 1 132: 132:

(P+29)h (P+29)h 1 133: 133:

(P+2A)h (P+2A)h 1 134: 134:

(P+2B)h (P+2B)h 1 135: 135:Types of erase block regions in this Partition Region.

   x = 0 = no erase blocking; the Partition Region erases in bulk

   x = number of erase block regions w/ contiguous same-size

   erase blocks. Symmetrically blocked partitions have one 

   blocking region. Partition size = (Type 1 blocks)x(Type 1 

   block sizes) + (Type 2 blocks)x(Type 2 block sizes) +�+ 

   (Type n blocks)x(Type n block sizes)

Number of  program or erase operations allowed in a partition

   bits 0�3 = number of simultaneous Program operations

   bits 4�7 = number of simultaneous Erase operations

Simultaneous program or erase operations allowed in other partitions while a 

partition in this region is in Program mode

   bits 0�3 = number of simultaneous Program operations

   bits 4�7 = number of simultaneous Erase operations

Simultaneous program or erase operations allowed in other partitions while a 

partition in this region is in Erase mode

   bits 0�3 = number of simultaneous Program operations

   bits 4�7 = number of simultaneous Erase operations
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Tab le 4 8 : Par t i t ion  Reg io n  1  I n fo r m at ion  ( con t in u ed )

Offset
(1) See table below

P = 10Ah Description Address

Bottom Top (Optional flash features and commands) Len Bot Top

(P+2C)h (P+2C)h Partition Region 1 Erase Block Type 1 Information 4 136: 136:

(P+2D)h (P+2D)h bits 0�15 = y, y+1 = # identical-size erase blks in a partition 137: 137:

(P+2E)h (P+2E)h bits 16�31 = z, region erase block(s) size are z x 256 bytes 138: 138:

(P+2F)h (P+2F)h 139: 139:

(P+30)h (P+30)h Partition 1 (Erase Block Type 1) 2 13A: 13A:

(P+31)h (P+31)h    Block erase cycles x 1000 13B: 13B:

(P+32)h (P+32)h 1 13C: 13C:

(P+33)h (P+33)h 1 13D: 13D:

Partition Region 1 (Erase Block Type 1) Programming Region Information 6

(P+34)h (P+34)h bits 0�7 = x, 2^x = Programming Region aligned size (bytes) 13E: 13E:

(P+35)h (P+35)h bits 8�14 = Reserved; bit 15 = Legacy flash operation (ignore 0:7) 13F: 13F:

(P+36)h (P+36)h bits 16�23 = y = Control Mode valid size in bytes 140: 140:

(P+37)h (P+37)h bits 24-31 = Reserved 141: 141:

(P+38)h (P+38)h bits 32-39 = z = Control Mode invalid size in bytes 142: 142:

(P+39)h (P+39)h bits 40-46 = Reserved; bit 47 = Legacy flash operation (ignore 23:16 & 39:32) 143: 143:

(P+3A)h (P+3A)h Partition Region 1 Erase Block Type 2 Information 4 144: 144:

(P+3B)h (P+3B)h bits 0�15 = y, y+1 = # identical-size erase blks in a partition 145: 145:

(P+3C)h (P+3C)h bits 16�31 = z, region erase block(s) size are z x 256 bytes 146: 146:

(P+3D)h (P+3D)h 147: 147:

(P+3E)h (P+3E)h Partition 1 (Erase Block Type 2) 2 148: 148:

(P+3F)h (P+3F)h    Block erase cycles x 1000 149: 149:

(P+40)h (P+40)h 1 14A: 14A:

(P+41)h (P+41)h 1 14B: 14B:

Partition Region 1 (Erase Block Type 2) Programming Region Information 6

(P+42)h (P+42)h bits 0�7 = x, 2^x = Programming Region aligned size (bytes) 14C: 14C:

(P+43)h (P+43)h bits 8�14 = Reserved; bit 15 = Legacy flash operation (ignore 0:7) 14D: 14D:

(P+44)h (P+44)h bits 16�23 = y = Control Mode valid size in bytes 14E: 14E:

(P+45)h (P+45)h bits 24-31 = Reserved 14F: 14F:

(P+46)h (P+46)h bits 32-39 = z = Control Mode invalid size in bytes 150: 150:

(P+47)h (P+47)h bits 40-46 = Reserved; bit 47 = Legacy flash operation (ignore 23:16 & 39:32) 151: 151:

Partition 1 (erase block Type 1) page mode and synchronous mode capabilities 

defined in Table 10.

   bit 0 = page-mode host reads permitted (1=yes, 0=no)

   bit 1 = synchronous host reads permitted (1=yes, 0=no)

   bit 2 = synchronous host writes permitted (1=yes, 0=no)

   bits 3�7 = reserved for future use

Partition 1 (erase block Type 1) bits per cell; internal EDAC

   bits 0�3 = bits per cell in erase region

   bit 4 = internal EDAC used (1=yes, 0=no)

   bits 5�7 = reserve for future use

Partition 1 (erase block Type 2) bits per cell; internal EDAC

   bits 0�3 = bits per cell in erase region

   bit 4 = internal EDAC used (1=yes, 0=no)

   bits 5�7 = reserve for future use

Partition 1 (erase block Type 2) page mode and synchronous mode capabilities 

defined in Table 10.

   bit 0 = page-mode host reads permitted (1=yes, 0=no)

   bit 1 = synchronous host reads permitted (1=yes, 0=no)

   bit 2 = synchronous host writes permitted (1=yes, 0=no)

   bits 3�7 = reserved for future use
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Tab le  4 9 : Par t i t io n  an d  Er ase Blo ck  Reg ion  I n f o r m at ion

Address 64-Mbit

�B �T �B �T �B �T

12D: --01 --01 --01 --01 --01 --01

12E: --24 --24 --24 --24 --24 --24

12F: --00 --00 --00 --00 --00 --00

130: --01 --01 --01 --01 --01 --01

131: --00 --00 --00 --00 --00 --00

132: --11 --11 --11 --11 --11 --11

133: --00 --00 --00 --00 --00 --00

134: --00 --00 --00 --00 --00 --00

135: --02 --02 --02 --02 --02 --02

136: --03 --3E --03 --7E --03 --FE

137: --00 --00 --00 --00 --00 --00

138: --80 --00 --80 --00 --80 --00

139: --00 --02 --00 --02 --00 --02

13A: --64 --64 --64 --64 --64 --64

13B: --00 --00 --00 --00 --00 --00

13C: --02 --02 --02 --02 --02 --02

13D: --03 --03 --03 --03 --03 --03

13E: --00 --00 --00 --00 --00 --00

13F: --80 --80 --80 --80 --80 --80

140: --00 --00 --00 --00 --00 --00

141: --00 --00 --00 --00 --00 --00

142: --00 --00 --00 --00 --00 --00

143: --80 --80 --80 --80 --80 --80

144: --3E --03 --7E --03 --FE --03

145: --00 --00 --00 --00 --00 --00

146: --00 --80 --00 --80 --00 --80

147: --02 --00 --02 --00 --02 --00

148: --64 --64 --64 --64 --64 --64

149: --00 --00 --00 --00 --00 --00

14A: --02 --02 --02 --02 --02 --02

14B: --03 --03 --03 --03 --03 --03

14C: --00 --00 --00 --00 --00 --00

14D: --80 --80 --80 --80 --80 --80

14E: --00 --00 --00 --00 --00 --00

14F: --00 --00 --00 --00 --00 --00

150: --00 --00 --00 --00 --00 --00

151: --80 --80 --80 --80 --80 --80

128-Mbit 256-Mbit
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Tab le 5 0 : CFI  Li n k  I n fo r m at ion

Offset
(1) Length Description Hex

P = 10Ah (Optional flash features and commands) Add. Code Value

(P+48)h 4 CFI Link Field bit definitions 152:

(P+49)h Bits 0�9 = Address offset (within 32Mbit segment) of referenced CFI table 153:

(P+4A)h Bits 10�27 = nth 32Mbit segment of referenced CFI table 154:

(P+4B)h Bits 28�30 = Memory Type 155:

Bit 31 = Another CFI Link field immediately follows

(P+4C)h 1 CFI Link Field Quantity Subfield definitions 156:

Bits 0�3 = Quantity field (n such that n+1 equals quantity)

Bit 4 = Table & Die relative location

Bit 5 = Link Field & Table relative location

Bits 6�7 = Reserved

See table below

See table below

Discrete

�B �T

�- �- die 1 (B) die 2 (T) die 1 (T) die 2 (B)

152: --FF --FF --10 --FF --10 --FF

153: --FF --FF --20 --FF --20 --FF

154: --FF --FF --00 --FF --00 --FF

155: --FF --FF --00 --FF --00 --FF

156: --FF --FF --10 --FF --10 --FF

Address 512-Mbit

�B �T
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Fig u r e  3 4 : W or d  Pr og r am  Flo w ch ar t
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Fig u r e 3 5 : Pr og r am  Su sp en d / Resu m e Flo w ch ar t
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Fig u r e 3 6 : Bu f f e r  Pr o g r am  Flo w ch ar t
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Fig u r e  3 7 : BEFP Flo w ch ar t

NOTES:
1. First-word address to be programmed within the target block must be aligned on a write -buffer boundary.

2. Write-buffer contents are programmed sequentially to the flash array starting at the first word address (WSM internally increments addressing).
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Fig u r e 3 8 : Blo ck  Er ase Flo w ch ar t
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FULL ERASE STATUS CHECK PROCEDURE

Repeat for subsequent block erasures.

Full Status register check can be done after each block erase
or after a sequence of block erasures.

Write 0xFF after the last operation to enter read array mode.

Only the Clear Status Register command clears SR[1, 3, 4, 5].

If an error is detected, clear the Status register before
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Fig u r e  3 9 : Er ase  Su sp en d / Resu m e Flow ch ar t
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Fig u r e 4 0 : Blo ck  Lock  Op er a t io n s Flow ch ar t
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A.3 W r i t e  St a t e  Mach in e

Figure 42 through Figure 47 show the com m and state t ransit ions (Next  State Table)  
based on incom ing com m ands. Only one part it ion can be act ively  program m ing or 
erasing at  a t im e. Each part it ion stays in its last  read state (Read Array,  Read Device 
I D, Read CFI  or Read Status Register)  unt il a new com m and changes it .  The next  WSM 
state does not  depend on the part it ion’s output  state.

Fig u r e  4 1 : Pr o t ect ion  Reg is t er  Pr og r am m in g  Fl ow ch ar t

FULL STATUS CHECK PROCEDURE

Program Protection Register operation addresses must be

within the Protection Register address space.  Addresses
outside this space will return an error.

Repeat for subsequent programming operations.

Full Status Register check can be done after each program, or
after a sequence of program operations.

Write 0xFF after the last operation to set Read Array state.

Only the Clear Staus Register command clears SR[1, 3, 4].

If an error is detected, clear the Status register before

attempting a program retry or other error recovery.
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Fig u r e 4 2 : W r i t e St a t e Mach in e—N ex t  St at e Tab le  ( Sh ee t  1  o f  6 )
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Fig u r e  4 3 : W r i t e  St at e  Mach in e—Nex t  St a t e  Tab le ( Sh eet  2  o f  6 )
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Fig u r e 4 4 : W r i t e St a t e Mach in e—N ex t  St at e Tab le  ( Sh ee t  3  o f  6 )
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Fig u r e  4 5 : W r i t e  St at e  Mach in e—Nex t  St a t e  Tab le ( Sh eet  4  o f  6 )
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Fig u r e 4 6 : W r i t e St a t e Mach in e—N ex t  St at e Tab le  ( Sh ee t  5  o f  6 )
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No t es :
1. " I llegal comm ands" include com mands outside of the allowed com m and set  ( allowed comm ands:  40H [ pgm] ,  20H [ erase] , 

et c.)
2. I f a "Read Array"  is at t em pted from  a busy  par t it ion, t he result  w ill be invalid data. The ID and CFI  data are located at  

different  locat ions in t he address m ap.
3. 1st  and 2nd cycles of "2 cycles wr it e com mands"  m ust  be given to the sam e part it ion address,  or unexpected result s will 

occur.
4. To protect  m em ory  contents against  erroneous comm and sequences, t here are specific instances in a mult i-cycle 

comm and sequence in which the second cycle will be ignored. For  exam ple,  when the dev ice is program suspended and an 
erase setup com mand (0x20)  is given followed by  a conf irm / resume comm and (0xD0),  the second comm and will be 
ignored because it  is unclear  whether the user intends to erase the block or  resum e the program operat ion.

5. The Clear  Status comm and only clears the error bit s in t he status register  if t he dev ice is not  in t he following m odes:  WSM 
running (Pgm Busy, Erase Busy,  Pgm  Busy In Erase Suspend,  OTP Busy, BEFP modes) .

6. BEFP wr it es are only allowed when the status register  bit  # 0 =  0,  or  else t he data is ignored.

Fig u r e  4 7 : W r i t e  St at e  Mach in e—Nex t  St a t e  Tab le ( Sh eet  6  o f  6 )
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7. The "current  state"  is t hat  of t he "chip"  and not  of the "part it ion" ;  Each par t it ion "remembers"  which output  (Array, I D/ CFI  
or  Status)  it  was last  pointed to on the last  inst ruct ion t o t he "chip" ,  but  t he next  state of t he chip does not  depend on 
where t he par t it ion's output  m ux is present ly point ing t o.

8. Confirm  comm ands (Lock Block,  Unlock  Block,  Lock-Down Block,  Configurat ion Register)  perform  the operat ion and then 
m ove to the Ready State.

9. WA0 refers to t he block  address latched during t he first  wr it e cycle of t he current  operat ion.
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Ap p en d ix  B Co n v en t ion s -  Ad d i t io n al  I n f o r m at ion

B.1 Co n v en t ion s

B.2 Acr o n y m s

VCC: Signal or  volt age connect ion

VCC: Signal or  volt age level

0x :  Hexadecim al number prefix

0b:  Binary number prefix

SR[ 4] : Denotes an indiv idual register  bit .

A[ 15: 0] : Denotes a group of sim ilar ly named signals,  such as address or  data bus.

A5: Denotes one elem ent  of a signal group m em bership, such as an individual address bit .

Bit : Binary unit

By te:  Eight  bit s

Word:  Two bytes,  or  six teen bit s

Kbit :  1024 bit s

KByte:  1024 bytes

KWord:  1024 words

Mbit : 1,048,576 bits

MByte:  1,048,576 by tes

MWord:  1,048,576 words

BEFP: Buffer  Enhanced Factory Program ming

CUI : Comm and User I nter face

MLC: Mult i- Level Cell

OTP:  One-Tim e Program mable

PLR: Protect ion Lock  Register

PR:  Protect ion Register

RCR: Read Configurat ion Register

RFU: Reserved for  Future Use

SR: Status Register

WSM: Writ e State Machine
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B.3 Nom en cla t u r e

B.4 Ad d i t i on a l  Do cu m en t at i on

Block :
A group of bits,  by tes, or  words wit hin t he flash m em ory array that  erase 
simultaneously. The P30 has two block sizes:  32 KByte and 128 KByte.

Main block :
An array  block t hat  is usually  used to store code and/ or  data. Main blocks are larger 
than parameter blocks. 

Param eter block  :
An array  block t hat  m ay be used to store frequent ly changing data or  sm all system 
param eters t hat  t radit ionally would be stored in EEPROM.

Top param eter  device :
A dev ice wit h it s parameter  blocks located at  t he highest  physical address of its 
memory m ap.

Bot tom param eter  dev ice :
A dev ice wit h it s parameter  blocks located at  t he lowest  physical address of its 
memory m ap.

Or d er / Do cu m en t  
N u m b er

Do cu m en t / Too l

309045 P30 Fam ily Specificat ion Update

308291 Schemat ic Review Checklist  for Num onyx™ St rataFlash®  Embedded Mem ory  (P30)  

300783 Using Num onyx™ Flash Mem ory :  Asynchronous Page Mode and Synchronous Burst  Mode

290667 Num onyx™ St rataFlash®  Mem ory  (J3)  Datasheet

306667
Migrat ion Guide for  Numonyx™ St rataFlash®  Mem ory ( J3)  t o Num onyx™ StrataFlash®  Em bedded 
Mem ory  (P30/ P33)  Applicat ion Note 812

314750
Num onyx™ St rataFlash®  Mem ory  (P30)  to Num onyx™ St rataFlash®  Embedded Mem ory  (P33)  
Conversion Guide Applicat ion Note 867

290737 Num onyx™ St rataFlash®  Synchronous Mem ory  (K3/ K18)  Datasheet

306669
Migrat ion Guide for  Numonyx™ St rataFlash®  Synchronous Memory (K3/ K18)  to Num onyx™ 
St rataFlash®  Em bedded Mem ory  (P30)  Applicat ion Note 825

290701 Num onyx™ Wireless Flash Memory  (W18)  Datasheet

290702 Num onyx™ Wireless Flash Memory  (W30)  Datasheet

252802 Num onyx™ Flash Mem ory  Design for  a Stacked Chip Scale Package (SCSP)

298161 Num onyx™ Flash Mem ory  Chip Scale Package User ’s Guide

253418 Num onyx™ Wireless Com m unicat ions and Com put ing Package User 's Guide

296514 Num onyx™ Sm all Out line Package Guide

297833 Num onyx™ Flash Data I ntegrator  (Numonyx™ FDI )  User  Guide

298136 Num onyx™ Persistent  Storage Manager (Num onyx™ PSM)  User Guide

306668
Migrat ion Guide for  Spansion*  S29GLxxxN to Numonyx™ StrataFlash®  Em bedded Mem ory (P30/ P33)  
Applicat ion Note 813

No t e : Contact  your  local Num onyx or  dist r ibut ion sales of fice or visit  Num onyx ’s Wor ld Wide Web home page at  ht t p: / /
www.num onyx.com for  t echnical documentat ion, t ools,  or t he most  current  informat ion on Num onyx™ Flash Mem ory.

http://www.intel.com
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Ap p en d ix  C Rev ision  Hist o r y

Rev is io n  Dat e  Rev isio n Descr ip t i o n

Apr il 2005 -001 Init ial Release

August  2005 -002

Rev ised discrete memory m aps in Sect ion 1.4, “Mem ory Maps”  on 
page 6
Added m emory m aps for  512-Mbit  t op param eter  devices in Sect ion 1.4, 
“Mem ory Maps”  on page 6
Fixed size of Program ming Region for  256-Mbit  t o be 8-Mbit  in Sect ion 1.4, 
“Mem ory Maps”  on page 6  and Sect ion 8.0, “Program  Operat ion”  
on page 28
Rem oved power supply sequencing requirement in Sect ion 12.1, “Power-Up 
and Power- Down”  on page 49
Updated condit ions for  Table 29, “ Capacitance”  on page 55
Updated CFI  table in Appendix A, “Com m on Flash Interface Tables”

Septem ber 2005 -003

Added note t o Table 14, “Device I D codes”  on page 27  for  stacked 
Device I D codes

Synchronous burst  read operat ion is current ly not  suppor ted for  the TSOP package

Updated 512-Mbit  Easy BGA Ball Height  ( sym bol A1)  in Figure 2, “ Easy BGA 
Mechanical Specificat ions”  on page 10

Novem ber 2005 -004 Updated read access speed for  265M TSOP package

February 2006 -005 Rem oved all references to 1 Gigabit .

Apr il 2006 -006

• Added 52 MHz capabilit ies,

• Added TSOP Package informat ion for  512 Mb throughout  t he docum ent ,

• Added Sect ion 1.3, “Vir t ual Chip Enable Descr ipt ion”  on 
page 6 ,

• Modified f igures in Sect ion 4.1,  “Dual- Die Configurat ions”  on 
page 20 ,

• Modified Table 5, “512-Mbit  Top and Bot tom  Param eter 
Mem ory Map (Easy BGA and QUAD+  SCSP) ”  on page 8 ,

• Modified Notes 5 & 6 to Reset  Specificat ions t able in Sect ion 12.2, 
“Reset  Specif icat ions”  on page 49 ,

• Added addit ional note on 512 Mb capability in Table 17, “ Selectable 
OTP Block Mapping”  on page 38 .

May 2006 -007

• Updated the following tables t o 52 MHz:  Table 30,  “AC Read 
Specif icat ions for 64/ 128-  Mbit  Densit ies”  on page 55  and 
Table 31, “AC Read Specif icat ions for 256/ 512-Mbit  
Densit ies”  on page 56 .

May-2006 -008 • Added notes 1,  2, and 3 to Table 29, “Capacitance”  on page 55.

June -  2007 -009

• Correct  t ypos and add clarificat ions

• Enabled specif ic burst  operat ion on TSOP packages.

• Updated dev ice comm ands table.

• Updaed descript ion on synchronous burst  operat ion.

• Added EOWL descript ion.

• Updated f lowchart s

Novem ber 2007 -010
• Updated for  65nm lit hography

• Added W602 -  Erase to Suspend

Novem ber 2007 11 • Applied Numonyx branding.

August  2008 12
• Corrected single word ( 65 nm )  program  t im e from  125 ( t yp)  and 150 (max)  t o 

150 ( t yp)  and 456 (m ax)  in Table 34, “ Program  and Erase 
Specif icat ions”  on page 66 .
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