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Pr od u ct  Feat u r es

Flexible SmartVoltage Technology

— 2.7 V– 3.6 V read/ program/ erase

— 12 V for fast  product ion program m ing

1.65 V to 2.5 V or 2.7 V to 3.6 V I / O Opt ion

— Reduces overall system power

High Perform ance

— 2.7 V– 3.6 V:  70 ns m ax access t im e

Opt im ized Architecture for Code Plus Data 
Storage

— Eight  4 Kword blocks, top or bot tom  
parameter boot

— Up to 127 x 32 Kword blocks

— Fast  program suspend capability

— Fast  erase suspend capability

Flexible Block Locking

— Lock/ unlock any block

— Full protect ion on power-up

— Write Protect  (WP# )  pin for hardware block 
protect ion

Low Power Consum pt ion

— 9 m A typical read 

— 7 uA typical standby with Automat ic Power 
Savings feature

Extended Temperature Operat ion

— -40 ° C to + 85 ° C

128-bit  Protect ion Register

— 64 bit  unique device ident ifier

— 64 bit  user program m able OTP cells

Extended Cycling Capability

— Minimum 100,000 block erase cycles

Software

— Supported by Num onyx Advanced Flash 
File Managers - -  Num onyx™ VFM, 
Num onyx™ FDI , etc.

— Code and data storage in the same 
m em ory device

— Robust  Power Loss Recovery for Data Loss 
Prevent ion

— Com m on Flash I nterface

Standard Surface Mount  Packaging

— 48-Ball μBGA* / VFBGA

— 64-Ball Easy BGA packages

— 48-TSOP package

I ntel ETOX*  VI I I  (0.13 μm ) Flash Technology

— 8, 16, 32 Mbit

I ntel ETOX*  VI I  (0.18 μm ) Flash Technology

— 16, 32 Mbit

I ntel ETOX*  VI  (0.25 μm ) Flash Technology

— 8, 16 and 32 Mbit
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1 .0 I n t r od u ct ion

This datasheet  contains the specificat ions for the Num onyx™ Advanced+  Boot  Block 
Flash Mem ory (C3)  device fam ily, hereafter called the C3 flash m em ory device. These 
flash memories add features such as instant  block locking and protect ion registers that  
can be used to enhance the security of system s. 

The Num onyx™ Advanced+  Book Block Flash Memory (C3)  device, m anufactured on 
I ntel’s latest  0.13 μm  and 0.18 μm technologies, represents a feature- r ich solut ion for 
low-power applicat ions. The C3 device incorporates low-voltage capability (3 V read, 
program , and erase)  with high-speed, low-power operat ion. Flexible block locking 
allows any block to be independent ly locked or unlocked. Add to this the Num onyx™ 

Flash Data I ntegrator (Num onyx™ FDI )  software and you have a cost-effect ive, 
flexible, monolithic code plus data storage solut ion. Numonyx™ Advanced+  Boot  Block 
Flash Memory (C3)  products are available in 48- lead TSOP, 48-ball CSP, and 64-ball 
Easy BGA packages. Addit ional inform at ion on this product  fam ily can be obtained from  
the Num onyx™ Flash website:  ht tp: / / www.Num onyx.com

1 .1 Nom en clat u r e

0 x Hexadecimal prefix

0 b Binary prefix

By t e 8 bits

W or d 16 bits

KW  or  Kw or d 1024 words

Mw or d 1,048,576 words

Kb 1024 bits

KB 1024 bytes

Mb 1,048,576 bits

MB 1,048,576 bytes

APS Autom at ic Power Savings

CSP Chip Scale Package

CUI Com m and User I nterface

OTP One Time Program m able

PR Protect ion Register

PRD Protect ion Register Data

PLR Protect ion Lock Register

RFU Reserved for Future Use

SR Status Register

SRD Status Register Data

W SM Write State Machine
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1 .2 Con v en t ion s

The terms pin and signal are often used interchangeably to refer to the external signal 
connect ions on the package;  for chip scale package (CSP)  the term  ball is used.

Group Mem bership Brackets:  Square brackets will be used to designate group 
m em bership or to define a group of signals with sim ilar funct ion ( i.e. A[ 21: 1] , SR[ 4: 1] )

Set :  When referr ing to registers, the term  set  m eans the bit  is a logical 1.

Clear :  When referr ing to registers, the term  clear means the bit  is a logical 0. 

Block :  A group of bits (or words)  that  erase simultaneously with one block erase 
inst ruct ion.

Main  Block :  A block that  contains 32 Kwords.

Par am et er  Block :  A block that  contains 4 Kwords.
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2 .0 Fu n ct ion a l  Ov er v iew

This sect ion provides an overview of the Num onyx™ Advanced+  Boot  Block Flash 
Mem ory (C3)  device features and architecture.

2 .1 Pr od u ct  Ov er v iew

The C3 flash memory device provides high-perform ance asynchronous reads in 
package-com pat ible densit ies with a 16 bit  data bus. I ndividually-erasable m em ory 
blocks are opt imally sized for code and data storage. Eight  4 Kword parameter blocks 
are located in the boot  block at  either the top or bot tom of the device’s m em ory m ap. 
The rest  of the memory array is grouped into 32 Kword main blocks.

The device supports read-array m ode operat ions at  various I / O voltages (1.8 V and 3 
V)  and erase and program  operat ions at  3 V or 12 V VPP. With the 3 V I / O opt ion, VCC 
and VPP can be t ied together for a sim ple, ult ra- low-power design. I n addit ion to I / O 
voltage flexibility, the dedicated VPP input  provides com plete data protect ion when VPP 
≤ VPPLK.

The C3 Discrete device features a 128-bit  protect ion register enabling security 
techniques and data protect ion schemes through a com binat ion of factory-program m ed 
and user-program mable OTP data registers. Zero- latency locking/ unlocking on any 
memory block provides instant  and complete protect ion for cr it ical system  code and 
data. Addit ional block lock-down capability provides hardware protect ion where 
software com m ands alone cannot  change the block’s protect ion status.

A command User I nterface (CUI )  serves as the interface between the system processor 
and internal operat ion of the device. A valid com m and sequence issued to the CUI  
init iates device automat ion. An internal Write State Machine (WSM) autom at ically 
executes the algorithms and t im ings necessary for block erase, program, and lock-bit  
configurat ion operat ions. 

The device offers three low-power saving features:  Automat ic Power Savings (APS) , 
standby mode, and deep power-down mode. The device automat ically enters APS 
mode following read cycle complet ion. Standby mode begins when the system 
deselects the flash m em ory by deassert ing Chip Enable, CE# . The deep power-down 
mode begins when Reset  Deep Power-Down, RP#  is asserted, which deselects the 
memory and places the outputs in a high- im pedance state, producing ult ra- low power 
savings. Combined, these three power-savings features significant ly enhanced power 
consum pt ion flexibility.
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2 .2 Block  Diag r am

2 .3 Mem or y  Map

The C3 Discrete device is asymmetrically blocked, which enables system code and data 
integrat ion within a single flash device. The bulk of the array is divided into 32 Kword 
m ain blocks that  can store code or data, and 4 Kword boot  blocks to facilitate storage 
of boot  code or for frequent ly changing sm all parameters. See Table 1, “Top Boot  
Memory Map”  on page 11 and Table 2, “Bot tom  Boot  Memory Map”  on page 12 for 
details.

Fig u r e 1 : C3  Flash  Mem or y  Dev ice Block  Diag r am
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Tab le 1 : Top  Boo t  Mem or y  Map

Size 
( KW

)
Blk

8 - Mb i t  
Mem or y  

Ad d r essin
g  ( Hex )

Size 
( KW

)
Blk

1 6 - Mb i t  
Mem or y  

Ad d r essin g  
( Hex )

Size 
( KW

)
Blk

3 2 - Mb i t  
Mem or y  

Ad d r essin
g  ( Hex )

Size 
( KW

)
Blk

6 4 - Mb i t  
Mem or y  

Ad d r essin g  
( Hex )

4 22
7F000-
7FFFF

4 38 FF000-FFFFF 4 70
1FF000-
1FFFFF

4 134 3FF000-3FFFFF

4 21
7E000-
7EFFF

4 37 FE000-FEFFF 4 69
1FE000-
1FEFFF

4 133 3FE000-3FEFFF

4 20
7D000-
7DFFF

4 36 FD000-FDFFF 4 68
1FD000-
1FDFFF

4 132 3FD000-3FDFFF

4 19
7C000-
7CFFF

4 35 FC000-FCFFF 4 67
1FC000-
1FCFFF

4 131 3FC000-3FCFFF

4 18
7B000-
7BFFF

4 34 FB000-FBFFF 4 66
1FB000-
1FBFFF

4 130 3FB000-3FBFFF

4 17
7A000-
7AFFF

4 33 FA000-FAFFF 4 65
1FA000-
1FAFFF

4 129 3FA000-3FAFFF

4 16
79000-
79FFF

4 32 F9000-F9FFF 4 64
1F9000-
1F9FFF

4 128 3F9000-3F9FFF

4 15
78000-
78FFF

4 31 F8000-F8FFF 4 63
1F8000-
1F8FFF

4 127 3F8000-3F8FFF

32 14
70000-
77FFF

32 30 F0000-F7FFF 32 62
1F0000-
1F7FFF

32 126 3F0000-3F7FFF

32 13
68000-
6FFFF

32 29 E8000-EFFFF 32 61
1E8000-
1EFFFF

32 125 3E8000-3EFFFF

32 12
60000-
67FFF

32 28 E0000-E7FFF 32 60
1E0000-
1E7FFF

32 124 3E0000-3E7FFF

32 11
58000-
5FFFF

32 27 D8000-DFFFF 32 59
1D8000-
1DFFFF

32 123 3D8000-3DFFFF

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

32 2
10000-
17FFF

32 2 10000-17FFF 32 2
10000-
17FFF

32 2 10000-17FFF

32 1 8000-0FFFF 32 1 08000-0FFFF 32 1
08000-
0FFFF

32 1 08000-0FFFF

32 0 0000-07FFF 32 0 00000-07FFF 32 0
00000-
07FFF

32 0 00000-07FFF
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Tab le 2 : Bo t t om  Boo t  Mem or y  Map

Size 
( KW

)
Blk

8 - Mb i t  
Mem or y  

Ad d r essin
g  ( Hex )

Size 
( KW

)
Blk

1 6 - Mb i t  
Mem or y  

Ad d r essin g  
( Hex )

Size 
( KW

)
Blk

3 2 - Mb i t  
Mem or y  

Ad d r essin g  
( Hex )

Size 
( KW

)
Blk

6 4 - Mb i t  
Mem o r y  

Ad d r essin g  
( Hex )

32 22
78000-
7FFFF

32 38 F8000-FFFFF 32 70
1F8000-
1FFFFF

32 134 3F8000-3FFFFF

32 21
70000-
77FFF

32 37 F0000-F7FFF 32 69
1F0000-
1F7FFF

32 133 3F0000-3F7FFF

32 20
68000-
6FFFF

32 36 E8000-EFFFF 32 68
1E8000-
1EFFFF

32 132 3E8000-3EFFFF

32 19
60000-
67FFF

32 35 E0000-E7FFF 32 67
1E0000-
1E7FFF

32 131 3E0000-3E7FFF

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

32 10
18000-
1FFFF

32 10 18000-1FFFF 32 10 18000-1FFFF 32 10 18000-1FFFF

32 9
10000-
17FFF

32 9 10000-17FFF 32 9 10000-17FFF 32 9 10000-17FFF

32 8
08000-
0FFFF

32 8 08000-0FFFF 32 8 08000-0FFFF 32 8 08000-0FFFF

4 7
07000-
07FFF

4 7 07000-07FFF 4 7 07000-07FFF 4 7 07000-07FFF

4 6
06000-
06FFF

4 6 06000-06FFF 4 6 06000-06FFF 4 6 06000-06FFF

4 5
05000-
05FFF

4 5 05000-05FFF 4 5 05000-05FFF 4 5 05000-05FFF

4 4
04000-
04FFF

4 4 04000-04FFF 4 4 04000-04FFF 4 4 04000-04FFF

4 3
03000-
03FFF

4 3 03000-03FFF 4 3 03000-03FFF 4 3 03000-03FFF

4 2
02000-
02FFF

4 2 02000-02FFF 4 2 02000-02FFF 4 2 02000-02FFF

4 1
01000-
01FFF

4 1 01000-01FFF 4 1 01000-01FFF 4 1 01000-01FFF

4 0
00000-
00FFF

4 0 00000-00FFF 4 0 00000-00FFF 4 0 00000-00FFF
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3 .0 Pack ag e I n f o r m at ion

3 .1 μBGA*  an d  VF BGA Pack ag e

Figu r e 2 : μBGA*  an d  VF BGA Pack ag e Dr aw in g  an d  Dim en sion s

Bottom View -Bump side up

e

b

S1
Ball A1
Corner

Top View  - Bump Side down
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12345678
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Note: Drawing not to scale

Millimeters Inches

Dimensions Symbol Min Nom Max Min Nom Max

Package Height A 1.000 0.0394

Ball Height A1 0.150 0.0059

Package Body Thickness A2 0.665 0.0262

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

Package Body Length    8M (.25) D 7.810 7.910 8.010

Package Body Length  16M (.25/.18/.13)  32M (.25/.18/.13) D 7.186 7.286 7.386 0.2829 0.2868 0.2908

Package Body Length  64M (.18)              D 7.600 7.700 7.800 0.2992 0.3031 0.3071

Package Body Width     8M (.25) E 6.400 6.500 6.600 0.2520 0.2559 0.2598

Package Body Width   16M (.25/.18/.13)  32M (.18/.13)  E 6.864 6.964 7.064 0.2702 0.2742 0.2781

Package Body Width   32M (.25) E 10.750 10.850 10.860 0.4232 0.4272 0.4276

Package Body Width   64M (.18)           E 8.900 9.000 9.100 0.3504 0.3543 0.3583

Pitch                                             e 0.750 0.0295

Ball (Lead) Count 8M, 16M N 46 46

Ball (Lead) Count 32M N 47 47

Ball (Lead) Count 64M N 48 48

Seating Plane Coplanarity Y 0.100 0.0039

Corner to Ball A1 Distance Along D   8M (.25)  S1 1.230 1.330 1.430 0.0484 0.0524 0.0563

Corner to Ball A1 Distance Along D  16M (.25/.18/.13)  32M (.18/.13)  S1 0.918 1.018 1.118 0.0361 0.0401 0.0440

Corner to Ball A1 Distance Along D  64M (.18)    S1 1.125 1.225 1.325 0.0443 0.0482 0.0522

Corner to Ball A1 Distance Along E   8M (.25)    S2 1.275 1.375 1.475 0.0502 0.0541 0.0581

Corner to Ball A1 Distance Along E  16M (.25/.18/.13)  32M (.18/.13)    S2 1.507 1.607 1.707 0.0593 0.0633 0.0672

Corner to Ball A1 Distance Along E  32M (.25)   S2 3.450 3.550 3.650 0.1358 0.1398 0.1437

Corner to Ball A1 Distance Along E  64M (.18)      S2 2.525 2.625 2.725 0.0994 0.1033 0.1073

C3 Discrete 8/16/32/64M,
.25,.18, .13u ubga/VFBGA

R0
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3 .2 TSOP Pack age

Not es:
1. One dim ple on package denotes Pin 1.
2. I f two dim ples, 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 the product  m ark.

Fig u r e 3 : TSOP Pack ag e Dr aw in g  an d  Dim en sion 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

A2

Seating 
Plane

See Notes 1, 2, 3 and 4

Tab le 3 : TSOP Pack ag e Dim en sion s

Par am et er Sy m b o l

Mi l l im et er s I n ch es

Min Nom Max Min Nom Max

Package Height A 1.200 0.047

Standoff A1 0.050 0.002

Package Body Thickness A2 0.950 1.000 1.050 0.037 0.039 0.041

Lead Width b 0.150 0.200 0.300 0.006 0.008 0.012

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 11.800 12.000 12.200 0.465 0.472 0.480

Lead Pitch e 0.500 0.0197

Term inal Dim ension D 19.800 20.000 20.200 0.780 0.787 0.795

Lead Tip Length L 0.500 0.600 0.700 0.020 0.024 0.028

Lead Count N 48 48

Lead Tip Angle Θ 0° 3° 5° 0° 3° 5°

Seat ing Plane Coplanarity Y 0.100 0.004

Lead to Package Offset Z 0.150 0.250 0.350 0.006 0.010 0.014
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3 .3 Easy  BGA Pack ag e

Figu r e 4 : Easy  BGA Pack ag e Dr aw in g  an d  Dim en sion

 

Millimeters Inches

Symbol Min Nom Max Notes Min Nom Max

Package Height A 1.200 0.0472

Ball Height A1 0.250 0.0098

Package Body Thickness A2 0.780 0.0307

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 1 0.3898 0.3937 0.3976

Package Body Length         E 12.900 13.000 13.100 1 0.5079 0.5118 0.5157

Pitch                                             [e] 1.000 0.0394

Ball (Lead) Count  N 64 64

Seating Plane Coplanarity Y 0.100 0.0039

Corner to Ball A1 Distance Along D  S1 1.400 1.500 1.600 1 0.0551 0.0591 0.0630

Corner to Ball A1 Distance Along E S2 2.900 3.000 3.100 1 0.1142 0.1181 0.1220

Dimensions Table 

Note:  (1)  Package dimensions are for reference only.  These dimensions are estimates based 
on die size, and are subject to change. 

E
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e
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4 .0 Bal lou t  an d  Sig n al  Descr ip t ion s

The C3 device is available in 48- lead TSOP, 48-ball VF BGA, 48-ball μBGA, and Easy 
BGA packages. See Figure 5 on page 16, Figure 7 on page 18, and Figure 8 on 
page 19, respect ively.

4 .1 4 8 - Lead  TSOP Pack ag e

Fig u r e 5 : 4 8 - Lead  TSOP Pack ag e

Advanced+ Boot Block
48-Lead TSOP
12 mm x 20 mm

TOP VIEW
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Figu r e 6 : Mar k  f o r  Pin - 1  I n d icat o r  on  4 8 - Lead  8 - Mb , 1 6 - Mb  an d  3 2 - Mb  TSOP

Note: The topside marking on 8 Mb, 16 Mb, and 32 Mb Num onyx™ Advanced and Advanced +  
Boot  Block 48L TSOP products will convert  to a white ink t r iangle as a Pin 1 indicator. 
Products without  the white t r iangle will cont inue to use a dim ple as a Pin 1 indicator. 
There are no other changes in package size, m aterials, funct ionality, custom er 
handling, or m anufacturability. Product  will cont inue to m eet  Num onyx st r ingent  quality 
requirem ents. Products affected are Numonyx Ordering Codes shown in Table 4.

Tab le 4 : 4 8 - Lead  TSOP

Ex t en d ed  6 4  Mb i t Ex t en d ed  3 2  Mb i t Ex t en d ed  1 6  Mb i t
Ex t en d ed  

TE28F320C3TD70
TE28F320C3BD70

TE28F160C3TD70
TE28F160C3BD70

TE28F800C3TA90 
TE28F800C3BA90

TE28F320C3TC70
TE28F320C3BC70

TE28F160C3TC80
TE28F160C3BC80

TE28F800C3TA110 
TE28F800C3BA110

TE28F320C3TC90
TE28F320C3BC90

TE28F160C3TA90 
TE28F160C3BA90

TE28F320C3TA100 
TE28F320C3BA100

TE28F160C3TA110 
TE28F160C3BA110

TE28F320C3TA110 
TE28F320C3BA110

 
Current Mark:       

 

New Mark: 
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Not es:
1. Shaded connect ions indicate the upgrade address connect ions. Num onyx recom m ends to not  use rout ing in this area.
2. A19 denotes 16 Mbit ;  A20 denotes 32 Mbit ;  A21 denotes 64 Mbit .
3. Unused address balls are not  populated.

Fig u r e 7 : 4 8 - Bal l  µ BGA*  an d  4 8 - Bal l  VF BGA Ch ip  Scale Pack ag e ( Top  View , Bal l  
Dow n ) 1 ,2 ,3

1 32 54 76 8
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4 .2 6 4 - Bal l  Easy  BGA Pack ag e

Figu r e 8 : 6 4 - Bal l  Easy  BGA Pack ag e1 ,2

Not es:
1. A19 denotes 16 Mbit ;  A20 denotes 32 Mbit ;  A21 denotes 64 Mbit .
2. Unused address balls are not  populated.

4 .3 Sig n al  Descr ip t ion s

Tab le 5 : Sig n al  Descr ip t ion s

Sy m b o l Ty p e Descr ip t ion

A[ MAX: 0]  I nput

ADDRESS I NPUTS for m em ory addresses. Address are internally latched dur ing a program  or erase 
cycle. 

8 Mbit :  AMAX=  A18

16 Mbit :  AMAX =  A19

32 Mbit :  AMAX =  A20

64 Mbit :  AMAX =  A21

DQ[ 15: 0]
I nput /
Output

DATA I NPUTS/ OUTPUTS:  I nputs data and comm ands dur ing a write cycle;  outputs data during read 
cycles. I nputs com m ands to the Com m and User I nterface when CE#  and WE#  are act ive. Data is 
internally latched. The data pins float  to t r i- state when the chip is de-selected or the outputs are 
disabled.

CE# I nput
CHI P ENABLE:  Act ive- low input . Act ivates the internal cont rol logic, input  buffers, decoders and sense 
am plifiers. CE#  is act ive low. CE#  high de-selects the m em ory device and reduces power consum pt ion 
to standby levels.

OE# I nput
OUTPUT ENABLE:  Act ive- low input .  Enables the device’s outputs through the data buffers dur ing a 
Read operat ion. 

RP# I nput

RESET/ DEEP POW ER- DOW N:  Act ive- low input . 

When RP#  is at  logic low, the device is in reset / deep power-down m ode, which drives the outputs to 
High-Z, resets the Write State Machine, and m inim izes current  levels ( I CCD) .

When RP#  is at  logic high, the device is in standard operat ion. When RP#  t ransit ions from  logic- low to 
logic-high, the device resets all blocks to locked and defaults to the read array m ode. 

 1 2 3 4 5 6 7 8

A 

B 

C 

D 

E 

F 

G 

H 

Top View - Ball Side Bottom View - Ball Side 

A 1 A 6 A 18 V PP V CC GND A10 A15

A 2 A 17 A 19 
(1) RP# DU A 20 

(1) A11 A14

A 3 A 7 WP# WE# DU A 21 
(1) A12 A13

A 4 A 5 DU 

DQ 8 DQ 1 DQ9 DQ 3 DQ 12 DQ 6 DU DU

CE# DQ 0 DQ 10 DQ 11 DQ 5 DQ 14 DU DU

A 0 V SSQ DQ2 DQ 4 DQ 13 DQ 15 VSSQ A16

A 22 
(2) OE# V CCQ V CC V SSQ DQ 7 VCCQ DU

DU DU DU A8 A9

8 7 6 5 4 3 2 1 

A

B

C

D

E

F

G

H

A15 A10 GND VCC VPP A 18 A 6 A 1 

A14 A11 A20
(1) DU RP# A 19 

(1) A 17 A 2 

A13 A12 A21
(1) DU WE# WP# A 7 A 3 

A9 A8 DU

DU DU DQ6 DQ12 DQ3 DQ 9 DQ 1 DQ 8 

DU DU DQ14 DQ5 DQ11 DQ 10 DQ 0 CE# 

A16 VSSQ D15 D13 DQ4 DQ 2 V SSQ A 0 

DU VCCQ D7 VSSQ VCC V CCQ OE# A 22 
(2)

DU DU DU A 5 A 4 
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WE# I nput
W RI TE ENABLE:  Act ive- low input . WE#  controls writes to the device. Address and data are latched on 
the r ising edge of the WE#  pulse.

WP# I nput

W RI TE PROTECT:  Act ive- low input .

When WP#  is a logic low, the lock-down m echanism  is enabled and blocks m arked lock-down cannot  be 
unlocked through software.

When WP#  is logic high, the lock-down m echanism  is disabled and blocks previously locked-down are 
now locked and can be unlocked and locked through software. After WP#  goes low, any blocks 
previously m arked lock-down revert  to the lock-down state.

See Sect ion 11.0, “Security Modes”  on page 48  for details on block locking.

VPP
I nput /
Power

PROGRAM/ ERASE Pow er  Su p p ly :  Operates as an input  at  logic levels to cont rol com plete device 
protect ion. Supplies power for accelerated Program  and Erase operat ions in 12 V ± 5%  range. Do not  
leave this pin float ing.

Lower VPP ≤ VPPLK to protect  all contents against  Program  and Erase com m ands.

Set  VPP = VCC for in-system  Read, Program  and Erase operat ions. I n this configurat ion, VPP can drop 
as low as 1.65 V to allow for resistor or diode drop from  the system  supply.

Apply VPP to 12 V ± 5%  for faster program  and erase in a product ion environm ent . Applying 12 V ± 5%  
to VPP can only be done for a m axim um  of 1000 cycles on the m ain blocks and 2500 cycles on the boot  
blocks. VPP can be connected to 12 V for a total of 80 hours m axim um . See Sect ion 11.6  for details 
on VPP voltage configurat ions.

VCC Power DEVI CE CORE Pow er  Su p p ly :  Supplies power for device operat ions.

VCCQ Power
OUTPUT Pow er  Su p p ly :  Output-dr iven source voltage. This ball can be t ied direct ly to VCC if 
operat ing within VCC range. 

GND Power Gr ou n d :  For all internal circuit ry. All ground inputs m ust  be connected.

DU —
Do No t  Use:  Do not  use this ball.  This ball m ust  not  be connected to any power supplies, signals or 
other balls,;  it  m ust  be left  f loat ing.

NC — No Connect

Tab le 5 : Sig n al  Descr ip t ion s

Sy m b o l Ty p e Descr ip t ion
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5 .0 Max im u m  Rat in g s an d  Op er at in g  Con d i t ion s

5 .1 Abso lu t e Max im u m  Rat in gs

W ar n in g : Stressing the device beyond the “Absolute Maximum Rat ings”  may cause permanent  
dam age. These rat ings are st ress rat ings only. Operat ion beyond the “Operat ing 
Condit ions”  is not  recom m ended, and extended exposure beyond the “Operat ing 
Condit ions”  may affect  device reliability.

.

5 .2 Op er at in g  Con d i t ion s

NOTI CE:  Specificat ions are subject  to change without  not ice. Verify with your local Num onyx Sales office that  you have the 
latest  datasheet  before finalizing a design.

Par am et er Max im u m  Rat in g No t es

Extended Operat ing Tem perature

During Read –40 ° C to + 85 ° C

During Block Erase and Program –40 ° C to + 85 ° C

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

Storage Tem perature –65 ° C to + 125 ° C

Voltage On Any Pin (except  VCC and VPP)  with Respect  to GND –0.5 V to +3.7 V 1

VPP Voltage ( for Block Erase and Program ) with Respect  to GND –0.5 V to + 13.5 V 1,2,3

VCC and VCCQ Supply Voltage with Respect  to GND –0.2 V to + 3.6 V

Output  Short  Circuit  Current 100 m A 4

Not es:
1. Minimum DC voltage is –0.5 V on input / output  pins. During t ransit ions, this level m ay undershoot  to –2.0 V 

for per iods < 20 ns. Maxim um  DC voltage on input / output  pins is VCC + 0.5 V which, dur ing t ransit ions, m ay 
overshoot  to VCC + 2.0 V for periods < 20 ns.

2. Maxim um  DC voltage on VPP m ay overshoot  to + 14.0 V for per iods < 20 ns.
3. VPP Program  voltage is norm ally 1.65 V–3.6 V. Connect ion to a 11.4 V–12.6 V supply can be done for a 

m axim um  of 1000 cycles on the m ain blocks and 2500 cycles on the param eter blocks dur ing program /
erase. VPP m ay be connected to 12 V for a total of 80 hours m axim um . 

4. Output  shorted for no more than one second. No m ore than one output  shorted at  a t im e.

Tab le 6 : Tem p er at u r e an d  Vo l t ag e Op er at in g  Con d i t ion s

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

TA Operat ing Tem perature –40 + 85 ° C

VCC1 VCC Supply Voltage 1, 2 2.7 3.6 Volts

VCC2 1, 2 3.0 3.6

VCCQ1

I / O Supply Voltage

1 2.7 3.6

VoltsVCCQ2 1.65 2.5

VCCQ3 1.8 2.5

VPP1 Supply Voltage 1 1.65 3.6 Volts
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VPP2 1, 3 11.4 12.6 Volts

Cycling Block Erase Cycling 3 100,000 Cycles

No t es:
1. VCC and VCCQ m ust  share the sam e supply when they are in the VCC1 range.
2. VCCMax =  3.3 V for 0.25μm  32-Mbit  devices.
3. Applying VPP = 11.4 V–12.6 V during a program / erase can only be done for a m axim um  of 1000 cycles on the m ain 

blocks and 2500 cycles on the param eter blocks. VPP m ay be connected to 12 V for a total of 
80 hours m axim um . 

Tab le 6 : Tem p er at u r e an d  Vo l t ag e Op er at in g  Con d i t ion s

Sy m b o l Par am et er No t es Min Max Un i t s
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6 .0 Elect r i ca l  Sp eci f i ca t ion s

6 .1 Cu r r en t  Ch ar act er ist i cs

Tab le 7 : DC Cu r r en t  Ch ar act er ist i cs ( Sh eet  1  o f  2 )

Sy m Par am et er

VCC
2 .7  V– 3 .6  

V
2 .7  V– 2 .8 5  V 2 .7  V– 3 .3  V

Un i t Test  Con d i t ion s
VCCQ

2 .7  V– 3 .6  
V

1 .6 5  V– 2 .5  V 1 .8  V– 2 .5  V

No t e Ty p Max Ty p Max Ty p Max

I LI I nput  Load Current 1,2 ± 1 ± 1 ± 1 µA
VCC =  VCCMax
VCCQ =  VCCQMax
VI N =  VCCQ or GND

I LO
Output  Leakage 
Current

1,2 ± 10 ± 10 ± 10 µA
VCC =  VCCMax
VCCQ =  VCCQMax
VI N =  VCCQ or GND

I CCS

VCC Standby Current  
for 0.13 and 0.18 
Micron Product

1 7 15 20 50 150 250 µA VCC =  VCCMax
CE#  =  RP#  =  VCCQ
or dur ing Program /  Erase 
Suspend

WP#  =  VCCQ or GND

VCC Standby Current  
for 0.25 Micron 
Product  

1 10 25 20 50 150 250 µA

I CCD

VCC Power-Down 
Current  for 0.13 and 
0.18 Micron Product

1,2 7 15 7 20 7 20 µA VCC =  VCCMax
VCCQ =  VCCQMax
VI N =  VCCQ or GND
RP#  =  GND ±  0.2 V

VCC Power-Down 
Current  for 0.25 
Product

1,2 7 25 7 25 7 25 µA

I CCR

VCC Read Current  for 
0.13 and 0.18 Micron 
Product

1,2,3 9 18 8 15 9 15 m A
VCC =  VCCMax
VCCQ =  VCCQMax
OE#  =  VI H,  CE#  = VI L
f =  5 MHz, I OUT= 0 m A
I nputs =  VI L or VI H

VCC Read Current  for 
0.25 Micron Product

1,2,3 10 18 8 15 9 15 m A

I PPD
VPP Deep Power-Down 
Current

1 0.2 5 0.2 5 0.2 5 µA
RP#  =  GND ±  0.2 V
VPP ≤ VCC

I CCW VCC Program  Current  1,4

18 55 18 55 18 55 m A
VPP = VPP1, 
Program  in Progress

8 22 10 30 10 30 m A
VPP =  VPP2 (12v)  
Program  in Progress

I CCE VCC Erase Current  1,4

16 45 21 45 21 45 m A
VPP =  VPP1,
Erase in Progress

8 15 16 45 16 45 m A
VPP =  VPP2 (12v)  ,
Erase in Progress

I CCES/
I CCWS

VCC Erase Suspend 
Current  for 0.13 and 
0.18 Micron Product

1,4,5

7 15 50 200 50 200 µA

CE#  =  VI H, Erase Suspend in 
ProgressVCC Erase Suspend 

Current  for 0.25 
Micron Product

10 25 50 200 50 200 µA

I PPR VPP Read Current 1,4
2 ±15 2 ±15 2 ±15 µA VPP ≤ VCC

50 200 50 200 50 200 µA VPP >  VCC
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6 .2 DC Vo l t ag e Ch ar act er ist i cs

I PPW VPP Program  Current  1,4

0.05 0.1 0.05 0.1 0.05 0.1 m A
VPP = VPP1, 
Program  in Progress

8 22 8 22 8 22 m A
VPP =  VPP2 (12v)  
Program  in Progress

I PPE VPP Erase Current  1,4

0.05 0.1 0.05 0.1 0.05 0.1 m A
VPP =  VPP1,
Erase in Progress

8 22 16 45 16 45 m A
VPP =  VPP2 (12v)  ,
Erase in Progress

I PPES/
I PPWS

VCC Erase Suspend 
Current

1,4

0.2 5 0.2 5 0.2 5 µA
VPP =  VPP1,
Program  or Erase Suspend in 
Progress

50 200 50 200 50 200 µA
VPP =  VPP2 (12v)  ,
Program  or Erase Suspend in 
Progress

No t es:
1. All currents are in RMS unless otherwise noted. Typical values at  nom inal VCC,  TA = + 25 ° C.
2. The test  condit ions VCCMax, VCCQMax, VCCMin, and VCCQMin refer to the m axim um  or m inim um  VCC or VCCQ voltage 

listed at  the top of each colum n. VCCMax =  3.3 V for 0.25μm  32-Mbit  devices.
3. Autom at ic Power Savings (APS)  reduces ICCR to approxim ately standby levels in stat ic operat ion (CMOS inputs) .
4. Sam pled, not  100%  tested.
5. I CCES or  I CCWS is specified with device de-selected. I f device is read while in erase suspend, current  draw is sum  of I CCES 

and I CCR.  I f the device is read while in program  suspend, current  draw is the sum  of I CCWS and I CCR.

Tab le 8 : DC Vo l t ag e Ch ar act er ist i cs ( Sh eet  1  o f  2 )

Sy m Par am et er

VCC 2 .7  V– 3 .6  V 2 .7  V– 2 .8 5  V 2 .7  V– 3 .3  V

Un i t Test  Con d i t ion sVCCQ 2 .7  V– 3 .6  V 1 .6 5  V– 2 .5  V 1 .8  V– 2 .5  V

No t e Min Max Min Max Min Max

VI L
I nput  Low 
Voltage

–0.4
VCC  *  
0.22 V

–0.4 0.4 –0.4 0.4 V

VI H
I nput  High 
Voltage

2.0
 VCCQ  
+ 0.3V

VCCQ  –
0.4V

 VCCQ  
+ 0.3V

VCCQ  –
0.4V

 VCCQ  
+ 0.3V 

V

VOL
Output  Low 
Voltage

 –0.1 0.1 -0.1 0.1 -0.1 0.1 V
VCC =  VCCMin  
VCCQ =  VCCQMin
I OL =  100 μA

VOH
Output  High 
Voltage

VCCQ  
–0.1V

 
VCCQ  –

0.1V
 

VCCQ  –
0.1V

 V
VCC =  VCCMin
VCCQ =  VCCQMin
I OH =  –100 μA

VPPLK
VPP Lock-
Out  Voltage

1 1.0  1.0  1.0 V
Com plete Write 
Protect ion

VPP1 VPP during 
Program  /  
Erase 
Operat ions

1 1.65 3.6 1.65 3.6 1.65 3.6 V

VPP2 1,2 11.4 12.6 11.4 12.6 11.4 12.6 V

Tab le 7 : 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

VCC
2 .7  V– 3 .6  

V
2 .7  V– 2 .8 5  V 2 .7  V– 3 .3  V

Un i t Test  Con d i t ion s
VCCQ

2 .7  V– 3 .6  
V

1 .6 5  V– 2 .5  V 1 .8  V– 2 .5  V

No t e Ty p Max Ty p Max Ty p Max
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VLKO

VCC Prog/
Erase
Lock 
Voltage

1.5  1.5  1.5  V

VLKO2

VCCQ Prog/
Erase
Lock 
Voltage

1.2  1.2  1.2  V

Not es:
1. Erase and Program  are inhibited when VPP <  VPPLK and not  guaranteed outside the valid VPP ranges of VPP1 and VPP2.
2. Applying VPP = 11.4 V–12.6 V during program / erase can only be done for a m axim um  of 1000 cycles on the m ain blocks 

and 2500 cycles on the param eter blocks. VPP m ay be connected to 12 V for a total of 80 hours m axim um . 

Tab le 8 : DC Vo l t ag e Ch ar act er ist i cs ( Sh eet  2  o f  2 )

Sy m Par am et er

VCC 2 .7  V– 3 .6  V 2 .7  V– 2 .8 5  V 2 .7  V– 3 .3  V

Un i t Test  Con d i t ion sVCCQ 2 .7  V– 3 .6  V 1 .6 5  V– 2 .5  V 1 .8  V– 2 .5  V

No t e Min Max Min Max Min Max

VI L
I nput  Low 
Voltage

–0.4
VCC  *  
0.22 V

–0.4 0.4 –0.4 0.4 V

VI H
I nput  High 
Voltage

2.0
 VCCQ  
+ 0.3V

VCCQ  –
0.4V

 VCCQ  
+ 0.3V

VCCQ  –
0.4V

 VCCQ  
+ 0.3V 

V

VOL
Output  Low 
Voltage

 –0.1 0.1 -0.1 0.1 -0.1 0.1 V
VCC =  VCCMin  
VCCQ =  VCCQMin
I OL =  100 μA



C3  Discr et e

Datasheet March 2008
26 290645-24

7 .0 AC Ch ar act er ist i cs

7 .1 AC Read  Ch ar act er ist i cs

Tab le 9 : Read  Op er at ion s—8 - Mb i t  Den si t y

# Sy m
Par am et e

r

Den si t y 8  Mb i t

Pr od u ct 7 0  n s 9 0  n s 1 1 0  n s

VCC 2 .7  V –  3 .6  V 3 .0  V –  3 .6  V 2 .7  V –  3 .6  V 3 .0  V –  3 .6  V 2 .7  V –  3 .6  V

No t e
Min
( n s)

Max
( n s)

Min
( n s)

Max
( n s)

Min
( n s)

Max
( n s)

Min
( n s)

Max
( n s)

Min
( n s)

Max
( n s)

R1 tAVAV Read Cycle Tim e 3,4 70 80 90 100  110  

R2 tAVQV
Address to 
Output  Delay

3,4 70 80 90  100  110

R3 tELQV
CE#  to Output  
Delay

1,3,4 70 80 90  100  110

R4 tGLQV
OE#  to Output  
Delay

1,3,4 20 30 30  30  30

R5 tPHQV
RP#  to Output  
Delay

3,4 150 150 150  150  150

R6 tELQX
CE#  to Output  in 
Low Z

2,3,4 0 0 0 0  0  

R7 tGLQX
OE#  to Output  in 
Low Z

2,3,4 0 0 0 0  0  

R8 tEHQZ
CE#  to Output  in 
High Z

2,3,4 20 20 20  20  20

R9 tGHQZ
OE#  to Output  in 
High Z

2,3,4 20 20 20  20  20

R10 tOH

Output  Hold from  
Address, CE# , or 
OE#  Change, 
Whichever 
Occurs First

2,3,4 0 0 0 0  0  

No t es:
1. OE#  m ay be delayed up to tELQV–tGLQV after the falling edge of CE#  without  im pact  on tELQV.
2. Sam pled, but  not  100%  tested.
3. See Figure 9, “Read Operat ion Waveform”  on page 29 .
4. See Figure 11, “AC I nput / Output  Reference Waveform”  on page 34  for t im ing m easurem ents and 

m axim um  allowable input  slew rate.
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Tab le 1 0 : Read  Op er at ion s—1 6 - Mb i t  Den si t y

# Sy m
Par am et

er

Den si t
y

1 6  Mb i t

No t e
s

Pr od u
ct

7 0  n s 8 0  n s 9 0  n s 1 1 0  n s

VCC
2 .7  V– 3 .6  

V
2 .7  V– 3 .6  

V
3 .0  V– 3 .6  

V
2 .7  V– 3 .6  

V
3 .0  V–
3 .6 V

2 .7  V–
3 .6 V

Min
( n s)

Max
( n s)

Min
( n s)

Max
( n s)

Min
( n s)

Max
( n s)

Min
( n s)

Max
( n s)

Min
( n s

)

Ma
x

( n s
)

Min
( n s

)

Ma
x

( n s
)

R1 tAVAV Read Cycle Tim e 70 80 80 90 100  110  3,4

R2 tAVQV
Address to Output  
Delay

70 80 80 90  100  110 3,4

R3 tELQV CE#  to Output  Delay 70 80 80 90  100  110 1,3,4

R4 tGLQV
OE#  to Output  
Delay

20 20 30 30  30  30 1,3,4

R5 tPHQV RP#  to Output  Delay 150 150 150 150 150 150 3,4

R6 tELQX
CE#  to Output  in 
Low Z

0 0 0 0 0 0 2,3,4

R7 tGLQX
OE#  to Output  in 
Low Z

0 0 0 0 0 0 2,3,4

R8 tEHQZ
CE#  to Output  in 
High Z

20 20 20 20 20 20 2,3,4

R9 tGHQZ
OE#  to Output  in 
High Z

20 20 20 20 20 20 2,3,4

R10 tOH

Output  Hold from  
Address, CE# , or 
OE#  Change, 
Whichever Occurs 
First

0 0 0 0 0 0 2,3,4

Not es:
1. OE#  m ay be delayed up to tELQV–tGLQV after the falling edge of CE#  without  im pact  on tELQV.
2. Sam pled, but  not  100%  tested.
3. See Figure 9, “Read Operat ion Waveform”  on page 29 .
4. See Figure 11, “AC I nput / Output  Reference Waveform ”  on page 34 for t im ing m easurem ents and 

m axim um  allowable input  slew rate.
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Tab le 1 1 : Read  Op er at ion s—3 2 - Mb i t  Den si t y

# Sy m
Par am et

er

Den si t
y

3 2  Mb i t

No t e
s

Pr od u c
t

7 0  n s 9 0  n s 1 0 0  n s 1 1 0  n s

VCC
2 .7  V– 3 .6  

V
2 .7  V– 3 .6  

V
3 .0  V– 3 .3  

V
2 .7  V– 3 .3  

V
3 .0  V– 3 .3  

V
2 .7  V– 3 .3  

V

Min
( n s)

Max
( n s)

Min
( n s)

Max
( n s)

Min
( n s)

Max
( n s)

Min
( n s)

Max
( n s)

Min
( n s

)

Max
( n s

)

Min
( n s)

Max
( n s)

R1 tAVAV Read Cycle Tim e 70 90 90 100 100  110  3,4

R2 tAVQV
Address to Output  
Delay

70 90 90 100  100  110 3,4

R3 tELQV CE#  to Output  Delay 70 90 90 100  100  110 1,3,4

R4 tGLQV OE#  to Output  Delay 20 20 30 30  30  30 1,3,4

R5 tPHQV RP#  to Output  Delay 150 150 150 150 150 150 3,4

R6 tELQX
CE#  to Output  in 
Low Z

0 0 0 0 0 0 2,3,4

R7 tGLQX
OE#  to Output  in 
Low Z

0 0 0 0 0 0 2,3,4

R8 tEHQZ
CE#  to Output  in 
High Z

20 20 20 20 20 20 2,3,4

R9 tGHQZ
OE#  to Output  in 
High Z

20 20 20 20 20 20 2,3,4

R10 tOH

Output  Hold from  
Address, CE# , or 
OE#  Change, 
Whichever Occurs 
First

0 0 0 0 0 0 2,3,4

No t es:
1. OE#  m ay be delayed up to tELQV–tGLQV after the falling edge of CE#  without  im pact  on tELQV.
2. Sam pled, but  not  100%  tested.
3. See Figure 9, “Read Operat ion Waveform”  on page 29 .
4. See Figure 11, “AC I nput / Output  Reference Waveform”  on page 34  for t im ing m easurem ents 

and m axim um  allowable input  slew rate.
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Tab le 1 2 : Read  Oper at ion s  — 6 4 - Mb i t  Den si t y

# Sy m Par am et er

Den si t y 6 4  Mb i t

Un i t

Pr od u ct 7 0  n s 8 0  n s

VCC 2 .7  V– 3 .6  V 2 .7  V– 3 .6  V

No t e Min Max Min Max

R1 tAVAV Read Cycle Tim e 3,4 70 80 ns

R2 tAVQV Address to Output  Delay 3,4 70 80 ns

R3 tELQV CE#  to Output  Delay 1,3,4 70 80 ns

R4 tGLQV OE#  to Output  Delay 1,3,4 20 20 ns

R5 tPHQV RP#  to Output  Delay 3,4 150 150 ns

R6 tELQX CE#  to Output  in Low Z 2,3,4 0 0 ns

R7 tGLQX OE#  to Output  in Low Z 2,3,4 0 0 ns

R8 tEHQZ CE#  to Output  in High Z 2,3,4 20 20 ns

R9 tGHQZ OE#  to Output  in High Z 2,3,4 20 20 ns

R10 tOH
Output  Hold from  Address, CE# , or OE#  Change, 
Whichever Occurs First

2,3,4 0 0 ns

Not es:
1. OE#  m ay be delayed up to tELQV–tGLQV after the falling edge of CE#  without  im pact  on tELQV.
2. Sam pled, but  not  100%  tested.
3. See Figure 9, “Read Operat ion Waveform”  on page 29 .
4. See Figure 11, “AC I nput / Output  Reference Waveform ”  on page 34 for t im ing m easurem ents and 

m axim um  allowable input  slew rate.

Figu r e 9 : Read  Oper at ion  W av ef o r m

R5

R10

R7

R6

R9R4

R8R3

R1

R2

R1

Address [A]

CE# [E]

OE# [G]

WE# [W]

Data [D/Q]

RST# [P]
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7 .2 AC W r i t e Ch ar act er ist i cs

Tab le 1 3 :  W r i t e  Oper at ion s—8 - Mb i t  Den si t y

# Sy m Par am et er

Den si t y 8  Mb i t

Pr od u ct 7 0 n s 9 0  n s 1 1 0  n s

VCC

3 .0  V –  3 .6  V 8 0 1 0 0

2 .7  V –  3 .6  V 7 0 9 0 1 1 0

No t e
Min
( n s)

Min
( n s)

Min
( n s)

Min
( n s)

Min
( n s)

W1
tPHWL /
tPHEL

RP#  High Recovery to WE#  (CE# )  Going Low 4,5 150 150 150 150 150

W2
tELWL /
tWLEL

CE#  (WE# )  Setup to WE#  (CE# )  Going Low 4,5 0 0 0 0 0

W3
tWLWH /  
tELEH

WE#  (CE# )  Pulse Width 4,5 45 50 60 70 70

W4
tDVWH /  
tDVEH

Data Setup to WE#  (CE# )  Going High 2,4,5 40 50 50 60 60

W5
tAVWH /
tAVEH

Address Setup to WE#  (CE# )  Going High 2,4,5 50 50 60 70 70

W6
tWHEH /  
tEHWH

CE#  (WE# )  Hold Tim e from  WE#  (CE# )  High 4,5 0 0 0 0 0

W7
tWHDX /  
tEHDX

Data Hold Tim e from  WE#  (CE# )  High 2,4,5 0 0 0 0 0

W8
tWHAX /  
tEHAX

Address Hold Tim e from  WE#  (CE# )  High 2,4,5 0 0 0 0 0

W9
tWHWL /
tEHEL

WE#  (CE# )  Pulse Width High 2,4,5 25 30 30 30 30

W10
tVPWH /
tVPEH

VPP Setup to WE#  (CE# )  Going High 3,4,5 200 200 200 200 200

W11 tQVVL VPP Hold from  Valid SRD 3,4 0 0 0 0 0

W12
tBHWH /  
tBHEH

WP#  Setup to WE#  (CE# )  Going High 3,4 0 0 0 0 0

W13 tQVBL WP#  Hold from  Valid SRD 3,4 0 0 0 0 0

W14 tWHGL WE#  High to OE#  Going Low 3,4 30 30 30 30 30

No t es:
1. Write pulse width ( tWP)  is defined from  CE#  or WE#  going low (whichever goes low last )  to CE#  or WE#  going high 

(whichever goes high first ) .  Hence, tWP = tWLWH = tELEH = tWLEH = tELWH.  Sim ilarly,  write pulse width high ( tWPH)  is 
defined from  CE#  or WE#  going high (whichever goes high first )  to CE#  or WE#  going low (whichever goes low last ) . 
Hence, tWPH = tWHWL = tEHEL = tWHEL = tEHWL.

2. Refer to Table 23, “Com m and Bus Operat ions”  on page 45  for valid AI N or  DI N.
3. Sam pled, but  not  100%  tested.
4. See Figure 11, “AC I nput / Output  Reference Waveform”  on page 34  for t im ing m easurem ents and 

m axim um  allowable input  slew rate.
5. See Figure 10, “Write Operat ions Waveform ”  on page 33.
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Tab le 1 4 : W r i t e Op er a t ion s—1 6 - Mb i t  Den si t y

# Sy m Par am et er

Den si t y 1 6  Mb i t

Un i t

Pr od u ct 7 0  n s 8 0  n s 9 0  n s 1 1 0  n s

VCC

3 .0  V –  3 .6  V 8 0 1 0 0

2 .7  V –  3 .6  V 7 0 8 0 9 0 1 1 0

No t
e

Min Min Min Min Min Min

W1
tPHWL /
tPHEL

RP#  High Recovery to WE#  (CE# )  Going 
Low

4,5 150 150 150 150 150 150 ns

W2
tELWL /
tWLEL

CE#  (WE# )  Setup to WE#  (CE# )  Going Low 4,5 0 0 0 0 0 0 ns

W3
tWLWH /  
tELEH

WE#  (CE# )  Pulse Width
1,4,

5
45 50 50 60 70 70 ns

W4
tDVWH /  
tDVEH

Data Setup to WE#  (CE# )  Going High
2,4,

5
40 40 50 50 60 60 ns

W5
tAVWH /
tAVEH

Address Setup to WE#  (CE# )  Going High
2,4,

5
50 50 50 60 70 70 ns

W6
tWHEH /  
tEHWH

CE#  (WE# )  Hold Tim e from  WE#  (CE# )  
High

4,5 0 0 0 0 0 0 ns

W7
tWHDX /  
tEHDX

Data Hold Tim e from  WE#  (CE# )  High
2,4,

5
0 0 0 0 0 0 ns

W8
tWHAX /  
tEHAX

Address Hold Tim e from  WE#  (CE# )  High
2,4,

5
0 0 0 0 0 0 ns

W9
tWHWL /
tEHEL

WE#  (CE# )  Pulse Width High
1,4,

5
25 30 30 30 30 30 ns

W10
tVPWH /
tVPEH

VPP Setup to WE#  (CE# )  Going High
3,4,

5
200 200 200 200 200 200 ns

W11 tQVVL VPP Hold from  Valid SRD 3,4 0 0 0 0 0 0 ns

W12
tBHWH /  
tBHEH

WP#  Setup to WE#  (CE# )  Going High 3,4 0 0 0 0 0 0 ns

W13 tQVBL WP#  Hold from  Valid SRD 3,4 0 0 0 0 0 0 ns

W14 tWHGL WE#  High to OE#  Going Low 3,4 30 30 30 30 30 30 ns

Not es:
1. Write pulse width ( tWP)  is defined from  CE#  or WE#  going low (whichever goes low last )  to CE#  or WE#  going high 

(whichever goes high first ) . Hence, tWP = tWLWH = tELEH = tWLEH = tELWH.  Sim ilar ly, write pulse width high ( tWPH)  is 
defined from  CE#  or WE#  going high (whichever goes high first )  to CE#  or WE#  going low (whichever goes low last ) .  
Hence, tWPH = tWHWL = tEHEL = tWHEL = tEHWL.

2. Refer to Table 23, “Com m and Bus Operat ions”  on page 45 for valid AI N or DI N.
3. Sam pled, but  not  100%  tested.
4. See Figure 11, “AC I nput / Output  Reference Waveform ”  on page 34 for t im ing m easurem ents and 

m axim um  allowable input  slew rate.
5. See Figure 10, “Write Operat ions Waveform ”  on page 33.
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Tab le 1 5 : W r i t e Op er at ion s—3 2 - Mb i t  Den si t y

# Sy m Par am et er

Den si t y 3 2  Mb i t

Un i t

Pr od u ct 7 0  n s 9 0  n s 1 0 0  n s 1 1 0  n s

VCC

3 .0  V –  3 .6  
V6 9 0 1 0 0

2 .7  V –  3 .6  V 7 0 9 0 1 0 0 1 1 0

No t e Min Min Min Min Min Min

W1
tPHWL /
tPHEL

RP#  High Recovery to WE#  (CE# )  
Going Low

4,5 150 150 150 150 150 150 ns

W2
tELWL /
tWLEL

CE#  (WE# )  Setup to WE#  (CE# )  
Going Low

4,5 0 0 0 0 0 0 ns

W3
tWLWH 
/  
tELEH

WE#  (CE# )  Pulse Width 1,4,5 45 60 60 70 70 70 ns

W4
tDVWH /  
tDVEH

Data Setup to WE#  (CE# )  Going High 2,4,5 40 40 50 60 60 60 ns

W5
tAVWH /
tAVEH

Address Setup to WE#  (CE# )  Going 
High

2,4,5 50 60 60 70 70 70 ns

W6
tWHEH /  
tEHWH

CE#  (WE# )  Hold Tim e from  WE#  
(CE# )  High

4,5 0 0 0 0 0 0 ns

W7
tWHDX /  
tEHDX

Data Hold Tim e from  WE#  (CE# )  
High

2,4,5 0 0 0 0 0 0 ns

W8
tWHAX /  
tEHAX

Address Hold Tim e from  WE#  (CE# )  
High

2,4,5 0 0 0 0 0 0 ns

W9
tWHWL /
tEHEL

WE#  (CE# )  Pulse Width High 1,4,5 25 30 30 30 30 30 ns

W10
tVPWH /
tVPEH

VPP Setup to WE#  (CE# )  Going High 3,4,5 200 200 200 200 200 200 ns

W11 tQVVL VPP Hold from  Valid SRD 3,4 0 0 0 0 0 0 ns

W12
tBHWH /  
tBHEH

WP#  Setup to WE#  (CE# )  Going High 3,4 0 0 0 0 0 0 ns

W13 tQVBL WP#  Hold from  Valid SRD 3,4 0 0 0 0 0 0 ns

W14 tWHGL WE#  High to OE#  Going Low 3,4 30 30 30 30 30 30 ns

No t es:
1. Write pulse width ( tWP)  is defined from  CE#  or WE#  going low (whichever goes low last )  to CE#  or WE#  going high 

(whichever goes high first ) .  Hence, tWP = tWLWH = tELEH = tWLEH = tELWH.  Sim ilarly,  write pulse width high ( tWPH)  is 
defined from  CE#  or WE#  going high (whichever goes high first )  to CE#  or WE#  going low (whichever goes low last ) . 
Hence, tWPH = tWHWL = tEHEL = tWHEL = tEHWL.

2. Refer to Table 23, “Com m and Bus Operat ions”  on page 45  for valid AI N or  DI N.
3. Sam pled, but  not  100%  tested.
4. See Figure 11, “AC I nput / Output  Reference Waveform”  on page 34  for t im ing m easurem ents and 

m axim um  allowable input  slew rate.
5. See Figure 10, “Write Operat ions Waveform ”  on page 33.
6. VCCMax =  3.3 V for 32-Mbit  0.25 Micron product . 
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Tab le 1 6 : W r i t e Op er a t ion s—6 4 - Mb i t  Den si t y

# Sy m b o l Par am et er

Den si t y 6 4  Mb i t

Un i t
Pr o d u ct 8 0  n s

VCC
2 .7  V –  3 .6  

V
No t e Min

W1 tPHWL /  tPHEL RP#  High Recovery to WE#  (CE# )  Going Low 4,5 150 ns

W2 tELWL /  tWLEL CE#  (WE# )  Setup to WE#  (CE# )  Going Low 4,5 0 ns

W3 tWLWH /  tELEH WE#  (CE# )  Pulse Width 1,4,5 60 ns

W4 tDVWH /  tDVEH Data Setup to WE#  (CE# )  Going High 2,4,5 40 ns

W5 tAVWH /  tAVEH Address Setup to WE#  (CE# )  Going High 2,4,5 60 ns

W6 tWHEH /  tEHWH CE#  (WE# )  Hold Tim e from  WE#  (CE# )  High 4,5 0 ns

W7 tWHDX /  tEHDX Data Hold Tim e from  WE#  (CE# )  High 2,4,5 0 ns

W8 tWHAX /  tEHAX Address Hold Tim e from  WE#  (CE# )  High 2,4,5 0 ns

W9 tWHWL /  tEHEL WE#  (CE# )  Pulse Width High 1,4,5 30 ns

W10 tVPWH /  tVPEH VPP Setup to WE#  (CE# )  Going High 3,4,5 200 ns

W11 tQVVL VPP Hold from  Valid SRD 3,4 0 ns

W12 tBHWH /  tBHEH WP#  Setup to WE#  (CE# )  Going High 3,4 0 ns

W13 tQVBL WP#  Hold from  Valid SRD 3,4 0 ns

W14 tWHGL WE#  High to OE#  Going Low 3,4 30 ns

Not es:
1. Write pulse width ( tWP)  is defined from  CE#  or WE#  going low (whichever goes low last )  to CE#  or WE#  going high 

(whichever goes high first ) . Hence, tWP = tWLWH = tELEH = tWLEH = tELWH.  Sim ilar ly, write pulse width high ( tWPH)  is 
defined from  CE#  or WE#  going high (whichever goes high first )  to CE#  or WE#  going low (whichever goes low last ) .  
Hence, tWPH = tWHWL = tEHEL = tWHEL = tEHWL.

2. Refer to Table 23, “Com m and Bus Operat ions”  on page 45 for valid AI N or DI N.
3. Sam pled, but  not  100%  tested.
4. See Figure 11, “AC I nput / Output  Reference Waveform ”  on page 34 for t im ing m easurem ents and 

m axim um  allowable input  slew rate.
5. See Figure 10, “Write Operat ions Waveform ”  on page 33.

Fig u r e 1 0 : W r i t e Op er a t ion s W av ef o r m

W10

W1

W7W4
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7 .3 Er ase an d  Pr og r am  Tim in g s

Tab le 1 7 : Er ase an d  Pr og r am  Tim in g s

7 .4 AC I / O Test  Con d i t ion s

Not e: I nput  t im ing begins, and output  t im ing ends, at  VCCQ/ 2. I nput  r ise and fall t im es (10%  to 90% )  <  5 ns. Worst-case speed 
condit ions are when VCC =  VCCMin.

Sy m b o l Par am et er

VPP 1 .6 5  V– 3 .6  V 1 1 .4  V– 1 2 .6  V

Un i t

No t e Ty p Max Ty p Max

tBWPB
4-KW Param eter Block
Word Program  Tim e

1, 2, 3 0.10 0.30 0.03 0.12 s

tBWMB
32-KW Main Block 
Word Program  Tim e

1, 2, 3 0.8 2.4 0.24 1 s

tWHQV1 /  tEHQV1

Word Program  Tim e for 0.13 and 
0.18 Micron Product

1, 2, 3 12 200 8 185 µs

Word Program  Tim e for 0.25 
Micron Product

1, 2, 3 22 200 8 185 µs

tWHQV2 /  tEHQV2
4-KW Param eter Block
Erase Tim e

1, 2, 3 0.5 4 0.4 4 s

tWHQV3 /  tEHQV3
32-KW Main Block
Erase Tim e

1, 2, 3 1 5 0.6 5 s

tWHRH1 /  tEHRH1 Program Suspend Latency 1,3 5 10 5 10 µs

tWHRH2 /  tEHRH2 Erase Suspend Latency 1,3 5 20 5 20 µs

No t es:
1. Typical values m easured at  TA= + 25 ° C and nom inal voltages.
2. Excludes external system - level overhead.
3. Sam pled, but  not  100%  tested.

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

V
CCQ

0V

V
CCQ

/2 V
CCQ

/2Test PointsInput Output



March 2008 Datasheet
290645-24 35

C3  Discr et e

No t e: See Table 17 for com ponent  values.

7 .5 Dev ice Cap aci t an ce

TA =  25 ° C, f =  1 MHz

Figu r e 1 2 : Tr an sien t  Eq u iv a len t  Test in g  Load  Ci r cu i t

Tab le 1 8 : Test  Con f ig u r at ion  Com p on en t  Valu es f o r  W or st - Case Sp eed  Con d i t ion s

Test  Con f ig u r a t io n CL ( p F) R1  ( k Ω) R2  ( k Ω)

VCCQMin Standard Test 50 25 25

Not e: CL includes j ig capacitance.

Device
Under Test

V
CCQ

C
L

R
2

R
1

Out

Tab le 1 9 : Dev ice Capaci t an ce

Sy m b o l Par am et er § Ty p Max Un i t Con d i t ion

CI N I nput  Capacitance 6 8 pF VI N =  0.0 V

COUT Output  Capacitance 8 12 pF VOUT =  0.0 V

§Sam pled, not  100%  tested.
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8 .0 Pow er  an d  Reset  Sp eci f i ca t ion s

Num onyx™ flash devices have a t iered approach to power savings that  can significant ly 
reduce overall system  power consum pt ion. The Autom at ic Power Savings (APS)  feature 
reduces power consumpt ion when the device is selected but  idle. I f CE#  is deasserted, 
the flash enters its standby mode, where current  consumpt ion is even lower. I f RP#  is 
deasserted, the flash enter deep power-down m ode for ult ra- low current  consum pt ion. 
The com binat ion of these features can m inim ize m em ory power consumpt ion, and 
therefore, overall system power consumpt ion.

8 .1 Act iv e Pow er  ( Pr og r am / Er ase/ Read )

With CE#  at  a logic- low level and RP#  at  a logic-high level, the device is in the act ive 
m ode. Refer to the DC Characterist ic tables for I CC current  values. Act ive power is the 
largest  cont r ibutor to overall system power consum pt ion. Minim izing the act ive current  
could have a profound effect  on system power consum pt ion, especially for bat tery-
operated devices.

8 .2 Au t om at ic Pow er  Sav in gs ( APS)

Automat ic Power Savings provides low-power operat ion during read mode. After data is 
read from  the m em ory array and the address lines are idle, APS circuit ry places the 
device in a m ode where typical current  is com parable to I CCS.  The flash stays in this 
stat ic state with outputs valid unt il a new locat ion is read.

8 .3 St an d b y  Pow er

When CE#  is at  a logic-high level (VI H) , the flash m em ory is in standby m ode, which 
disables m uch of the device’s circuit ry and substant ially reduces power consum pt ion. 
Outputs are placed in a high- impedance state independent  of the status of the OE#  
signal. I f CE#  t ransit ions to a logic-high level during Erase or Program  operat ions, the 
device will cont inue to perform  the operat ion and consume corresponding act ive power 
unt il the operat ion is com pleted.

System engineers should analyze the breakdown of standby t im e versus act ive t ime 
and quant ify the respect ive power consumpt ion in each mode for their specific 
applicat ion. This approach will provide a m ore accurate m easure of applicat ion-specific 
power and energy requirements.

8 .4 Deep  Pow er - Dow n  Mode

The deep power-down mode is act ivated when RP# = VI L.  During read modes, RP#  
going low de-selects the memory and places the outputs in a high- im pedance state. 
Recovery from  deep power-down requires a m inim um t ime of tPHQV for read operat ions, 
and tPHWL/ tPHEL for write operat ions.

During program  or erase m odes, RP#  t ransit ioning low aborts the in-progress 
operat ion. The m em ory contents of the address being program m ed or the block being 
erased are no longer valid as the data integrity has been comprom ised by the abort . 
During deep power-down, all internal circuits are switched to a low-power savings 
m ode (RP#  t ransit ioning to VI L or turning off power to the device clears the Status 
Register) .
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8 .5 Pow er  an d  Reset  Con sider at ion s

8 .5 .1 Pow er - Up / Dow n  Ch ar act er ist i cs

To prevent  any condit ion that  may result  in a spurious write or erase operat ion, 
Num onyx recomm ends to power-up VCC and VCCQ together. Conversely, VCC and 
VCCQ must  power-down together.

Num onyx also recom m ends that  you power-up VPP with or after VCC has reached 
VCCm in.  Conversely, VPP m ust  powerdown with or slight ly before VCC.

I f VCCQ and/ or VPP are not  connected to the VCC supply, then VCC m ust  at tain VCCm in 
before applying VCCQ and VPP. Device inputs must  not  be driven before supply voltage 
reaches VCCm in.

Power supply t ransit ions m ust  only occur when RP#  is low.

8 .5 .2 RP#  Con n ect ed  t o  Sy st em  Reset

The use of RP#  during system reset  is im portant  with autom ated program / erase 
devices since the system  reads from  the flash m em ory when it  com es out  of reset . I f a 
CPU reset  occurs without  a flash m em ory reset , proper CPU init ializat ion will not  occur 
because the flash m em ory m ay be providing status inform at ion instead of array data. 
Num onyx recom m ends connect ing RP#  to the system CPU RESET#  signal to allow 
proper CPU/ flash init ializat ion following system  reset .

System  designers m ust  guard against  spurious writes when VCC voltages are above 
VLKO.  Because both WE#  and CE#  must  be low for a com m and write, dr iving either 
signal to VIH will inhibit  writes to the device. The CUI  architecture provides addit ional 
protect ion since alterat ion of m em ory contents can only occur after successful 
com plet ion of the two-step com m and sequences. The device is also disabled unt il RP#  
is brought  to VI H,  regardless of the state of its cont rol inputs. By holding the device in 
reset  during power-up/ down, invalid bus condit ions during power-up can be masked, 
providing yet  another level of m em ory protect ion.

8 .5 .3 VCC, VPP an d  RP#  Tr an si t ion s

The CUI  latches commands as issued by system  software and is not  altered by VPP or 
CE#  t ransit ions or WSM act ions. I ts default  state upon power-up, after exit  from  reset  
mode or after VCC t ransit ions above VLKO (Lockout  voltage) , is read-array m ode.

After any program  or Block-Erase operat ion is complete (even after VPP t ransit ions 
down to VPPLK) , the CUI  must  be reset  to read-array mode by the Read Array command 
if access to the flash-memory array is desired.

8 .5 .4 Reset  Sp eci f i cat ion s

Tab le 2 0 : Reset  Speci f i cat ion s

Sy m b o l Par am et er

VCC 2 .7  V –  3 .6  V

Un i t No t es

Min Max

tPLPH

RP#  Low to Reset  dur ing Read
( I f RP#  is t ied to VCC,  this specificat ion is not  
applicable)

100 ns 1, 2
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8 .6 Pow er  Su p p ly  Decou p l in g

Flash m em ory power-switching characterist ics require careful device decoupling. 
System  designers should consider the following three supply current  issues:

• Standby current  levels ( I CCS)

• Read current  levels ( I CCR)

• Transient  peaks produced by falling and r ising edges of CE# .

Transient  current  m agnitudes depend on the device outputs’ capacit ive and induct ive 
loading. Two- line cont rol and proper decoupling capacitor select ion will suppress these 
t ransient  voltage peaks. Each flash device should have a 0.1 µF ceram ic capacitor 
connected between each VCC and GND, and between its VPP and VSS. These high-
frequency, inherent ly low- inductance capacitors should be placed as close as possible 
to the package leads.

tPLRH1 RP#  Low to Reset  dur ing Block Erase 22 µs 3

tPLRH2 RP#  Low to Reset  dur ing Program 12 µs 3

No t es:
1. I f tPLPH is <  100 ns the device m ay st ill reset  but  this is not  guaranteed.
2. I f RP#  is asserted while a Block Erase or  Word Program  operat ion is not  execut ing, the reset  will 

com plete within 100 ns.
3. Sam pled, but  not  100%  tested.

Fig u r e 1 3 : Reset  Op er at ion s W av ef o r m s

Tab le 2 0 : Reset  Sp eci f i cat ion s

Sy m b o l Par am et er

VCC 2 .7  V –  3 .6  V

Un i t No t es

Min Max

IHV

ILV

R P #  (P ) 

P L P Ht

IHV

ILV

R P #  (P ) 

P L P Ht

(A ) R e s e t d u r in g  R e a d  M o d e

A b o rt
C o m p le te P H Q Vt

P H W Lt
P H E Lt

P H Q Vt
P H W Lt
P H E Lt

(B ) R e s e t d u rin g  P ro g ra m  o r B lo c k  E ra s e ,           <P L P Ht P L R Ht

P L R Ht

IHV

ILV

R P #  (P ) 

P L P Ht

A b o r t
C o m p le te P H Q Vt

P H W Lt
P H E LtP L R Ht

D e e p
P o w e r-
D o w n

(C )  R e s e t P ro g ra m  o r B lo c k  E ra s e ,           >  P L P Ht P L R Ht
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9 .0 Dev ice Op er at ion s

The C3 Discrete device uses a CUI  and autom ated algorithm s to sim plify Program  and 
Erase operat ions. The CUI  allows for 100%  CMOS- level cont rol inputs and fixed power 
supplies during erasure and program m ing.

The internal WSM completely automates Program and Erase operat ions while the CUI  
signals the start  of an operat ion and the Status Register reports device status. The CUI  
handles the WE#  interface to the data and address latches as well as system  status 
requests during WSM operat ion.

9 .1 Bu s Op er at ion s

The C3 Discrete device performs read, program, and erase operat ions in-system 
through the local CPU or m icrocont roller. Four cont rol pins (CE# , OE# , WE# , and RP# )  
manage the data flow in and out  of the flash device. Table 21 on page 39 summarizes 
these bus operat ions.

9 .1 .1 Read

When perform ing a read cycle, CE#  and OE#  must  be asserted;  WE#  and RP#  must  be 
deasserted. CE#  is the device select ion cont rol;  when act ive low, it  enables the flash 
memory device. OE#  is the data output  cont rol;  when low, data is output  on DQ[ 15: 0] . 
See Figure 9, “Read Operat ion Waveform”  on page 29.

9 .1 .2 W r i t e

A write cycle occurs when both CE#  and WE#  are low;  RP#  and OE#  are high. 
Commands are issued to the Command User I nterface (CUI ) . The CUI  does not  occupy 
an addressable m em ory locat ion. Address and data are latched on the r ising edge of 
the WE#  or CE#  pulse, whichever occurs first . See Figure 10, “Write Operat ions 
Waveform ”  on page 33.

9 .1 .3 Ou t p u t  Disab le

With OE#  at  a logic-high level (VIH) ,  the device outputs are disabled. DQ[ 15: 0]  are 
placed in a high- impedance state.

9 .1 .4 St an d b y

Deselect ing the device by bringing CE#  to a logic-high level (VI H)  places the device in 
standby m ode, which substant ially reduces device power consum pt ion without  any 
latency for subsequent  read accesses. I n standby, outputs are placed in a high-

Tab le 2 1 : Bu s Op er at ion s

Mod e RP# CE# OE# W E# DQ[ 1 5 :0 ]

Read VI H VI L VI L VI H DOUT

Write VI H VI L VI H VI L DI N

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

Standby VI H VI H X X High-Z

Reset VI L X X X High-Z

Not e: X =  Don’t  Care (VI L or  VI H)
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impedance state independent  of OE# . I f deselected during a Program or Erase 
operat ion, the device cont inues to consume act ive power unt il the Program  or Erase 
operat ion is complete.

9 .1 .5 Reset

From read mode, RP#  at  VI L for t ime tPLPH deselects the m em ory, places output  dr ivers 
in a high- impedance state, and turns off all internal circuits. After return from  reset , a 
t im e tPHQV is required unt il the init ial read-access outputs are valid. A delay ( tPHWL or 
tPHEL)  is required after return from reset  before a write cycle can be init iated. After this 
wake-up interval, norm al operat ion is restored. The CUI  resets to read-array m ode, the 
Status Register is set  to 0x80, and all blocks are locked. See Figure 13, “Reset  
Operat ions Waveform s”  on page 38. 

I f RP#  is taken low for t im e tPLPH during a Program  or Erase operat ion, the operat ion 
will be aborted;  the m em ory contents at  the aborted locat ion ( for a program )  or block 
( for an erase)  are no longer valid, since the data m ay be part ially erased or writ ten. 
The abort  process goes through the following sequence:  

1. When RP#  goes low, the device shuts down the operat ion in progress, a process 
which takes t ime tPLRH to com plete. 

2. After t im e tPLRH,  the part  will either reset  to read-array m ode ( if RP#  is asserted 
during tPLRH)  or enter reset  m ode ( if RP#  is deasserted after tPLRH) . See Figure 13, 
“Reset  Operat ions Waveform s”  on page 38. 

I n both cases, after returning from  an aborted operat ion, the relevant  t ime tPHQV or 
tPHWL/ tPHEL must  be observed before a Read or Write operat ion is init iated, as discussed 
in the previous paragraph. However, in this case, these delays are referenced to the 
end of tPLRH rather than when RP#  goes high.

As with any autom ated device, it  is im portant  to assert  RP#  during a system reset . 
When the system  com es out  of reset , the processor reads from  the flash memory. 
Automated flash m em ories provide status inform at ion when read during Program  or 
Block-Erase operat ions. I f a CPU reset  occurs with no flash memory reset , proper CPU 
init ializat ion m ay not  occur because the flash m em ory m ay be providing status 
informat ion instead of array data. Numonyx™ flash memories allow proper CPU 
init ializat ion following a system  reset  through the use of the RP#  input . I n this 
applicat ion, RP#  is cont rolled by the same RESET#  signal that  resets the system  CPU.
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1 0 .0 Mod es o f  Op er at ion

1 0 .1 Read  Mod e

The flash m em ory has four read m odes ( read array, read ident ifier, read status, and CFI  
query)  and two write m odes (program  and erase) . Three addit ional m odes (erase 
suspend to program , erase suspend to read, and program suspend to read)  are 
available only during suspended operat ions. Table 23, “Com m and Bus Operat ions”  on 
page 45 and Table 24, “Command Codes and Descript ions”  on page 46 summarize the 
com m ands used for these m odes. 

Appendix A, “Write State Machine States”  on page 53 is a comprehensive chart  
showing the state t ransit ions.

1 0 .1 .1 Read  Ar r ay

When RP#  t ransit ions from  VI L ( reset )  to VIH,  the device defaults to read-array m ode 
and will respond to the read-cont rol inputs (CE# , address inputs, and OE# )  without  any 
addit ional CUI  com mands.

When the device is in read array m ode, four cont rol signals cont rol data output .

• WE#  m ust  be logic high (VIH)

• CE#  must  be logic low (VI L)

• OE#  m ust  be logic low (VI L)

• RP#  m ust  be logic high (VI H)

I n addit ion, the address of the desired locat ion must  be applied to the address pins. I f 
the device is not  in read-array m ode, as would be the case after a Program or Erase 
operat ion, the Read Array com m and (0xFF)  m ust  be issued to the CUI  before array 
reads can occur.

1 0 .1 .2 Read  I d en t i f ier

The read- ident ifier m ode outputs three types of inform at ion:  the manufacturer/ device 
ident ifier, the block locking status, and the protect ion register. The device is switched to 
this m ode by issuing the Read I dent ifier com m and (0x90) . Once in this m ode, read 
cycles from  addresses shown in Table 22 ret r ieve the specified informat ion. To return to 
read-array m ode, issue the Read Array com m and (0xFF) .
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1 0 .1 .3 CFI  Qu er y

The CFI  query m ode outputs Comm on Flash I nterface (CFI )  data after issuing the Read 
Query Com m and (0x98) . The CFI  data st ructure contains inform at ion such as block 
size, density, com m and set , and elect r ical specificat ions. Once in this m ode, read cycles 
from  addresses shown in Appendix C, “Com m on Flash I nterface,”  ret r ieve the specified 
informat ion. To return to read-array m ode, issue the Read Array com m and (0xFF) .

1 0 .1 .4 Read  St at u s Reg ist er

The Status Register indicates the status of device operat ions and the success/ failure of 
that  operat ion. The Read Status Register (0x70)  com m and causes subsequent  reads to 
output  data from the Status Register unt il another com m and is issued. To return to 
reading from  the array, issue a Read Array (0xFF)  com m and.

The Status Register bits are output  on DQ[ 7: 0] . The upper byte, DQ[ 15: 8] , outputs 
0x00 when a Read Status Register com m and is issued.

The contents of the Status Register are latched on the falling edge of OE#  or CE#  
(whichever occurs last )  which prevents possible bus errors that  m ight  occur if Status 
Register contents change while being read. CE#  or OE#  m ust  be toggled with each 
subsequent  status read, or the Status Register will not  indicate com plet ion of a 
Program  or Erase operat ion.

Tab le 2 2 : Dev ice I d en t i f i cat ion  Cod es

I t em

Ad d r ess1

Dat a Descr ip t ion

Base Of f set

Manufacturer I D Block 0x00 0x0089

Device I D Block 0x01

0x88C0 8-Mbit  Top Boot  Device

0x88C1 8-Mbit  Bot tom  Boot  Device

0x88C2 16-Mbit  Top Boot  Device

0x88C3 16-Mbit  Bot tom  Boot  Device

0x88C4 32-Mbit  Top Boot  Device

0x88C5 32-Mbit  Bot tom  Boot  Device

0x88CC 64-Mbit  Top Boot  Device

0x88CD 64-Mbit  Bot tom  Boot  Device

Block Lock Status2 Block 0x02
DQ0 =  0b0 Block is unlocked

DQ0 =  0b1 Block is locked

Block Lock-Down Status2 Block 0x02
DQ1 =  0b0 Block is not  locked-down

DQ1 =  0b1 Block is locked down

Protect ion Register Lock Status Block 0x80 Lock Data

Protect ion Register Block 0x81 -  0x88 Register Data
Mult iple reads required to read the 
ent ire 128-bit  Protect ion Register.

No t es:
1. The address is const ructed from  a base address plus an offset . For exam ple, to read the Block Lock Status for block 

num ber 38 in a bot tom  boot  device, set  the address to 0x0F8000 plus the offset  (0x02) , i.e. 0x0F8002. Then exam ine 
DQ0 of the data to determ ine if the block is locked.

2. See Sect ion 11.2, “Reading Block-Lock Status”  on page 49 for valid lock status.
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When the WSM is act ive, SR[ 7]  will indicate the status of the WSM;  the remaining bits 
in the Status Register indicate whether the WSM was successful in perform ing the 
preferred operat ion See Table 25, “Status Register Bit  Definit ion”  on page 47.

1 0 .1 .4 .1 Clear  St a t u s Reg ist er

The WSM can set  Status Register bits 1 through 7 and can clear bits 2, 6, and 7, but  
the WSM cannot  clear Status Register bits 1, 3, 4 or 5. Because bits 1, 3, 4, and 5 
indicate various error condit ions, these bits can be cleared only through the Clear 
Status Register (0x50)  com m and. By allowing the system software to cont rol the 
reset t ing of these bits, several operat ions may be performed (such as cum ulat ively 
programming several addresses or erasing mult iple blocks in sequence)  before reading 
the Status Register to determ ine if an error occurred during that  series. Clear the 
Status Register before beginning another com m and or sequence. The Read Array 
com m and m ust  be issued before data can be read from  the m em ory array. Reset t ing 
the device also clears the Status Register.

1 0 .2 Pr og r am  Mod e

Programming is executed using a two-write cycle sequence. The Program Setup 
com m and (0x40)  is issued to the CUI , followed by a second write that  specifies the 
address and data to be programmed. The WSM will execute a sequence of internally 
t imed events to program preferred bits of the addressed locat ion, then verify the bits 
are sufficient ly program med. Program m ing the m em ory results in specific bits within an 
address locat ion being changed to a “0.”  I f users at tempt  to program  “1”s, the memory 
cell contents do not  change and no error occurs.

The Status Register indicates programming status. While the program sequence 
executes, status bit  7 is “0.”  The Status Register can be polled by toggling either CE#  
or OE# . While programming, the only valid commands are Read Status Register, 
Program Suspend, and Program Resume.

When program m ing is com plete, the program -status bits m ust  be checked. I f the 
programming operat ion was unsuccessful, SR[ 4]  is set  to indicate a program  failure. I f 
SR[ 3]  is set , then VPP was not  within acceptable lim its, and the WSM did not  execute 
the program comm and. I f SR[ 1]  is set , a program operat ion was at tem pted on a locked 
block and the operat ion was aborted.

The Status Register should be cleared before at tem pt ing the next  operat ion. Any CUI  
inst ruct ion can follow after program m ing is com pleted;  however, to prevent  inadvertent  
Status Register reads, be sure to reset  the CUI  to read-array m ode.

1 0 .2 .1 1 2 - Vo l t  Pr od u ct ion  Pr og r am m in g

When VPP is between 1.65 V and 3.6 V, all program and erase current  is drawn through 
the VCC pin. 

Note: I f VPP is dr iven by a logic signal, VI H m in =  1.65 V. That  is, VPP m ust  rem ain above 
1.65 V to perform  in-system  flash m odificat ions. 

When VPP is connected to a 12 V power supply, the device draws program and erase 
current  direct ly from  the VPP pin. This elim inates the need for an external switching 
t ransistor to cont rol VPP. Figure 16 on page 52 shows examples of how the flash power 
supplies can be configured for various usage m odels.

The 12 V VPP mode enhances program m ing perform ance during the short  period of 
t ime typically found in m anufactur ing processes;  however, it  is not  intended for 
extended use. You cna apply 12 V to VPP during Program and Erase operat ions for a 
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maximum of 1000 cycles on the main blocks and 2500 cycles on the parameter blocks. 
VPP may be connected to 12 V for a total of 80 hours maximum. St ressing the device 
beyond these lim its m ay cause perm anent  dam age.

1 0 .2 .2 Su sp en d in g  an d  Resu m in g  Pr og r am

The Program  Suspend com m and halts an in-progress program  operat ion so that  data 
can be read from  other locat ions of m em ory. Once the program m ing process starts, 
issuing the Program Suspend command to the CUI  requests that  the WSM suspend the 
program sequence at  predeterm ined points in the program algorithm . The device 
cont inues to output  Status Register data after the Program  Suspend com m and is 
issued. Polling SR[ 7]  and SR[ 2]  will determ ine when the program operat ion has been 
suspended (both will be set  to “1” ) . The program-suspend latency is specified with 
tWHRH1/ tEHRH1.

A Read-Array com mand can now be issued to the CUI  to read data from blocks other 
than that  which is suspended. The only other valid com m ands while program  is 
suspended are Read Status Register, Read I dent ifier, CFI  Query, and Program Resume. 

After the Program  Resum e com m and is issued to the flash m em ory, the WSM will 
cont inue with the programming process and SR[ 2]  and SR[ 7]  will automat ically be 
cleared. The device autom at ically outputs Status Register data when read (see 
Figure 18, “Program  Suspend /  Resum e Flowchart ”  on page 57)  after the Program 
Resum e com m and is issued. VPP m ust  rem ain at  the sam e VPP level used for program  
while in program -suspend m ode. RP#  m ust  also rem ain at  VI H.

1 0 .3 Er ase Mod e

To erase a block, issue the Erase Set -up and Erase Confirm  comm ands to the CUI , 
along with an address ident ifying the block to be erased. This address is latched 
internally when the Erase Confirm  command is issued. Block erasure results in all bits 
within the block being set  to “1.”  Only one block can be erased at  a t im e. The WSM will 
execute a sequence of internally t imed events to program  all bits within the block to 
“0,”  erase all bits within the block to “1,”  then verify that  all bits within the block are 
sufficient ly erased. While the erase executes, status bit  7 is a “0.”

When the Status Register indicates that  erasure is complete, check the erase-status bit  
to verify that  the Erase operat ion was successful. I f the Erase operat ion was 
unsuccessful, SR[ 5]  of the Status Register will be set  to a “1,”  indicat ing an erase 
failure. I f VPP is not  within acceptable lim its after the Erase Confirm  com m and was 
issued, the WSM will not  execute the erase sequence;  instead, SR[ 5]  of the Status 
Register is set  to indicate an erase error, and SR[ 3]  is set  to a “1”  to ident ify that  VPP 
supply voltage is not  within acceptable lim its.

After an Erase operat ion, clear the Status Register (0x50)  before at tem pt ing the next  
operat ion. Any CUI  inst ruct ion can follow after erasure is com pleted;  however, to 
prevent  inadvertent  status-  register reads, Num onyx recom m ends that  you place the 
flash in read-array m ode after the erase is com plete.

1 0 .3 .1 Su sp en d in g  an d  Resu m in g  Er ase

Since an Erase operat ion requires on the order of seconds to complete, an Erase 
Suspend com mand is provided to allow erase-sequence interrupt ion to read data 
from —or program  data to— another block in m em ory. Once the erase sequence is 
started, issuing the Erase Suspend command to the CUI  suspends the erase sequence 
at  a predeterm ined point  in the erase algorithm . The Status Register indicates if/ when 
the Erase operat ion has been suspended. Erase-suspend latency is specified by tWHRH2/
tEHRH2.
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A Read Array or Program  com mand can now be issued to the CUI  to read/ program  data 
from / to blocks other than that  which is suspended. This nested Program com m and can 
subsequent ly be suspended to read yet  another locat ion. The only valid com m ands 
while Erase is suspended are Read Status Register, Read I dent ifier, CFI  Query, Program 
Setup, Program  Resum e, Erase Resum e, Lock Block, Unlock Block, and Lock-Down 
Block. During erase-suspend m ode, the device can be placed in a pseudo-standby 
mode by taking CE#  to VI H,  which reduces act ive current  consum pt ion.

Erase Resum e cont inues the erase sequence when CE# = VI L.  Sim ilar to the end of a 
standard Erase operat ion, the Status Register m ust  be read and cleared before the next  
inst ruct ion is issued.

Bus operat ions are defined in Table 21, “Bus Operat ions”  on page 39.

Tab le 2 3 : Com m an d  Bu s Op er at ion s

Com m an d No t es

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

Op er Ad d r Dat a Op er Ad d r Dat a

Read Array 1,3 Write X 0xFF

Read I dent ifier 1,3 Write X 0x90 Read I A I D

CFI  Query 1,3 Write X 0x98 Read QA QD

Read Status Register 1,3 Write X 0x70 Read X SRD

Clear Status Register 1,3 Write X 0x50

Program 2,3 Write X 0x40/ 0x10 Write PA PD

Block Erase/ Confirm 1,3 Write X 0x20 Write BA D0H

Program / Erase Suspend 1,3 Write X 0xB0

Program / Erase Resum e 1,3 Write X 0xD0

Lock Block 1,3 Write X 0x60 Write BA 0x01

Unlock Block 1,3 Write X 0x60 Write BA 0xD0

Lock-Down Block 1,3 Write X 0x60 Write BA 0x2F

Protect ion Program 1,3 Write X 0xC0 Write PA PD

X = "Don’t  Care" PA = Prog Addr BA = Block Addr I A = I dent ifier Addr. QA = Query Addr.

SRD = Status Reg. 
Data

PD = Prog Data I D = I dent ifier  Data QD = Query Data

Not es:
1. Following the Read I dent ifier  or CFI  Query com m ands, read operat ions output  device ident if icat ion data or CFI  query 

inform at ion, respect ively. See Sect ion 10.1.2  and Sect ion 10.1.3 .
2. Either 0x40 or 0x10 com m and is valid, but  the Num onyx standard is 0x40.
3. When writ ing com m ands, the upper data bus [ DQ8-DQ15]  should be either VI L or VI H,  to m inim ize current  draw.
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Tab le 2 4 : Com m an d  Cod es an d  Descr ip t ion s

Cod e 
( HEX)

Dev ice Mod e Com m an d  Descr ip t ion

FF Read Array This com m and places the device in read-array m ode, which outputs array data on the data pins.

40 Program  Set-Up

This is a two-cycle com m and. The first  cycle prepares the CUI  for a program  operat ion. The second 
cycle latches addresses and data inform at ion and init iates the WSM to execute the Program  
algor ithm . The flash outputs Status Register data when CE#  or OE#  is toggled. A Read Array 
com m and is required after program m ing to read array data. See Sect ion 10.2, “Program 
Mode”  on page 43 .

20 Erase Set-Up

This is a two-cycle com m and. I t  prepares the CUI  for the Erase Confirm  com m and. I f the next  
com m and is not  an Erase Confirm  com m and, then the CUI  will (a)  set  both SR.4 and SR.5 to “1,”  
(b)  place the device into the read-Status Register m ode, and (c)  wait  for another com m and. See 
Sect ion 10.3, “Erase Mode”  on page 44 .

D0

Erase Confirm

Program / Erase 
Resum e

Unlock Block

I f the previous com m and was an Erase Set-Up com m and, then the CUI  will close the address and 
data latches and begin erasing the block indicated on the address pins. During program / erase, the 
device will respond only to the Read Status Register, Program  Suspend and Erase Suspend 
com m ands, and will output  Status Register data when CE#  or OE#  is toggled.

I f a Program  or Erase operat ion was previously suspended, this com m and will resum e that  
operat ion.

I f the previous com m and was Block Unlock Set-Up, the CUI  will latch the address and unlock the 
block indicated on the address pins. I f the block had been previously set  to Lock-Down, this 
operat ion will have no effect . (See Sect ion 11.1)

B0
Program  Suspend 

Erase Suspend

I ssuing this com m and will begin to suspend the current ly execut ing Program / Erase operat ion. The 
Status Register will indicate when the operat ion has been successfully suspended by set t ing either 
the program -suspend SR[ 2]  or erase-suspend SR[ 6]  and the WSM status bit  SR[ 7]  to a “1”  
( ready) . The WSM will cont inue to idle in the SUSPEND state, regardless of the state of all input-
cont rol pins except  RP# , which will im m ediately shut  down the WSM and the rem ainder of the chip 
if RP#  is driven to VI L.  See Sect ions 3.2.5.1 and 3.2.6.1.

70
Read Status 
Register

This com m and places the device into read-Status Register m ode. Reading the device will output  
the contents of the Status Register, regardless of the address presented to the device. The device 
autom at ically enters this m ode after a Program  or Erase operat ion has been init iated. See 
Sect ion 10.1.4, “Read Status Register”  on page 42 .

50
Clear Status 
Register

The WSM can set  the block- lock status SR[ 1] , VPP Status SR[ 3] , program  status SR[ 4] , and erase-
status SR[ 5]  bits in the Status Register to “1,”  but  it  cannot  clear them  to “0.”  I ssuing this 
com m and clears those bits to “0.”

90 Read I dent ifier
This com m and puts the device into the read- ident ifier m ode so that  reading the device will output  
the m anufacturer/ device codes or block- lock status. See Sect ion 10.1.2, “Read I dent ifier ”  
on page 41 .

60

Block Lock,

Block Unlock,

Block Lock-Down

Set-Up

This com m and prepares the CUI  for block- locking changes. I f the next  com m and is not  Block 
Unlock, Block Lock, or Block Lock-Down, then the CUI  will set  both the program  and erase-Status 
Register bits to indicate a com m and-sequence error.  See Sect ion 11.0, “Security Modes”  
on page 48 .

01 Lock-Block
I f the previous com m and was Lock Set-Up, the CUI  will latch the address and lock the block 
indicated on the address pins. (See Sect ion 11.1)

2F Lock-Down
I f the previous com m and was a Lock-Down Set-Up com m and, the CUI  will latch the address and 
lock-down the block indicated on the address pins. (See Sect ion 11.1)

98 CFI  Query
This com m and puts the device into the CFI -Query m ode so that  reading the device will output  
Com m on Flash I nterface inform at ion. See Sect ion 10.1.3  and Appendix C, “Com mon 
Flash I nterface” .

C0
Protect ion 
Program  
Set-Up

This is a two-cycle com m and. The first  cycle prepares the CUI  for a program  operat ion to the 
protect ion register. The second cycle latches addresses and data inform at ion and init iates the WSM 
to execute the Protect ion Program  algor ithm  to the protect ion register. The flash outputs Status 
Register data when CE#  or OE#  is toggled. A Read Array com m and is required after program m ing 
to read array data. See Sect ion 11.5 .

10 Alt . Prog Set-Up Operates the sam e as Program  Set -up com m and. (See 0x40/ Program  Set-Up)

00
I nvalid/
Reserved

Unassigned com m ands should not  be used. Num onyx reserves the r ight  to redefine these codes 
for future funct ions.

Not e: See Appendix A, “Write State Machine States”  for m ode t ransit ion inform at ion.



March 2008 Datasheet
290645-24 47

C3  Discr et e

Tab le 2 5 : St at u s Reg ist er  Bi t  Def in i t ion

WSMS ESS ES PS VPPS PSS BLS R

7 6 5 4 3 2 1 0

NOTES:

SR[ 7]  WRI TE STATE MACHI NE STATUS (WSMS)
 1 = Ready 
 0 = Busy

Before checking program  or erase-  status bits, check the Write 
State Machine bit  f irst  to determ ine Word Program  or Block 
Erase com plet ion.

SR[ 6] = ERASE-SUSPEND STATUS (ESS)
 1 = Erase Suspended
 0 = Erase I n Progress/ Com pleted

When Erase Suspend is issued, WSM halts execut ion and sets 
both WSMS and ESS bits to “1.”  ESS bit  rem ains set  to “1”  unt il 
an Erase Resum e com m and is issued.

SR[ 5] = ERASE STATUS (ES)
 1 = Error I n Block Erase
 0 = Successful Block Erase

When this bit  is set  to “1,”  WSM has applied the m axim um  
num ber of erase pulses to the block and is st ill unable to verify 
successful block erasure.

SR[ 4] = PROGRAM STATUS (PS)
 1 = Error in Program m ing
 0 = Successful Program m ing

When this bit  is set  to “1,”  WSM has at tem pted but  failed to 
program  a word/ byte.

SR[ 3] = VPP STATUS (VPPS)
 1 = VPP Low Detect , Operat ion Abort
 0 = VPP OK

The VPP status bit  does not  provide cont inuous indicat ion of VPP 
level. The WSM interrogates VPP level only after the Program  or 
Erase com m and sequences have been entered and inform s the 
system  if VPP has not  been switched on. The VPP is also 
checked before the operat ion is ver ified by the WSM. The VPP 
status bit  is not  guaranteed to report  accurate feedback 
between VPPLK and VPP1Min.

SR[ 2] = PROGRAM SUSPEND STATUS (PSS)
 1 = Program  Suspended

 0 = Program  in Progress/ Com pleted

When Program  Suspend is issued, WSM halts execut ion and 
sets both WSMS and PSS bits to “1.”  PSS bit  rem ains set  to “1”  
unt il a Program  Resum e com m and is issued.

SR[ 1] = BLOCK LOCK STATUS

 1 = Prog/ Erase at tem pted on a locked block;  Operat ion 
aborted.

 0 = No operat ion to locked blocks

I f a Program  or Erase operat ion is at tem pted to one of the 
locked blocks, this bit  is set  by the WSM. The operat ion 
specified is aborted and the device is returned to read status 
m ode.

SR[ 0] = RESERVED FOR FUTURE ENHANCEMENTS (R)
This bit  is reserved for future use and should be m asked out  
when polling the Status Register.

Not e: A Com m and-Sequence Error is indicated when SR[ 4] , SR[ 5] , and SR[ 7]  are set .
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1 1 .0 Secu r i t y  Mod es

1 1 .1 Flex ib le Block  Lock in g

The C3 Discrete device offers an instant , individual block- locking scheme that  allows 
any block to be locked or unlocked with no latency, enabling instant  code and data 
protect ion.

This locking scheme offers two levels of protect ion. The first  level allows software-only 
cont rol of block locking (useful for data blocks that  change frequent ly) , while the 
second level requires hardware interact ion before locking can be changed (useful for 
code blocks that  change infrequent ly) .

The following sect ions will discuss the operat ion of the locking system . The term  “state 
[ abc] ”  will be used to specify locking states;  for exam ple, “ state [ 001] ,”  where 
a = value of WP# , b = bit  D1 of the Block Lock Status Register, and c = bit  D0 of the 
Block Lock Status Register. Figure 14, “Block Locking State Diagram”  on page 48 
displays all of the possible locking states.

1 1 .1 .1 Lock in g  Op er at ion

The locking status of each block can be set  to Locked, Unlocked, or Lock-Down, each of 
which will be described in the following sect ions. See Figure 14, “Block Locking State 
Diagram ”  on page 48 and Figure 21, “Locking Operat ions Flowchart ”  on page 60.

Fig u r e 1 4 : Block  Lock in g  St at e Diag r am

[X00]

[X01]

Power-Up/Reset

Unlocked

Locked

[011]

[111] [110]

Locked-

Down4,5

Software
Locked

[011]

Hardware
Locked5

Unlocked

WP# Hardware Control

Notes: 1. [a,b,c] represents [WP#, D1, D0].  X = Don’t Care.

2. D1 indicates block Lock-down status.  D1 = ‘0’, Lock-down has not been issued to

    this block.  D1 = ‘1’, Lock-down has been issued to this block.
3. D0 indicates block lock status.  D0 = ‘0’, block is unlocked.  D0 = ‘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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The following paragraph concisely summarizes the locking funct ionality.

1 1 .1 .1 .1 Lock ed  St at e

The default  state of all blocks upon power-up or reset  is locked (states [ 001]  or [ 101] ) . 
Locked blocks are fully protected from  alterat ion. Any Program  or Erase operat ions 
at tem pted on a locked block will return an error on bit  SR[ 1] . The state of a locked 
block can be changed to Unlocked or Lock Down using the appropriate software 
com m ands. An Unlocked block can be locked by writ ing the Lock com m and sequence, 
0x60 followed by 0x01.

1 1 .1 .1 .2 Un lock ed  St at e

Unlocked blocks (states [ 000] , [ 100] , [ 110] )  can be programmed or erased. All 
unlocked blocks return to the Locked state when the device is reset  or powered down. 
The status of an unlocked block can be changed to Locked or Locked Down using the 
appropriate software commands. A Locked block can be unlocked by writ ing the Unlock 
command sequence, 0x60 followed by 0xD0.

1 1 .1 .1 .3 Lock - Dow n  St a t e

Blocks that  are Locked-Down (state [ 011] )  are protected from  Program and Erase 
operat ions ( just  like Locked blocks) , but  their  protect ion status cannot  be changed 
using software com m ands alone. A Locked or Unlocked block can be Locked Down by 
writ ing the Lock-Down command sequence, 0x60 followed by 0x2F. Locked-Down 
blocks revert  to the Locked state when the device is reset  or powered down.

The Lock-Down funct ion depends on the WP#  input  pin. When WP# = 0, blocks in Lock 
Down [ 011]  are protected from  program , erase, and lock status changes. When 
WP# = 1, the Lock-Down funct ion is disabled ( [ 111] ) , and Locked-Down blocks can be 
individually unlocked by software command to the [ 110]  state, where they can be 
erased and programmed. These blocks can then be relocked [ 111]  and unlocked [ 110]  
as required while WP#  remains high. When WP#  goes low, blocks that  were previously 
Locked Down return to the Lock-Down state [ 011] , regardless of any changes made 
while WP#  was high. Device reset  or power-down resets all blocks, including those in 
Lock-Down, to Locked state. 

1 1 .2 Read in g  Block - Lock  St at u s

The Lock status of each block can be read in read- ident ifier mode of the device by 
issuing the read- ident ifier com m and (0x90) . Subsequent  reads at  Block Address +  
0x00002 will output  the Lock status of that  block. The Lock status is represented by 
DQ0 and DQ1:

• DQ0 indicates the Block Lock/ Unlock status and is set  by the Lock com m and and 
cleared by the Unlock com m and. I t  is also autom at ically set  when entering Lock 
Down. 

• DQ1 indicates Lock-Down status and is set  by the Lock-Down com m and. I t  cannot  
be cleared by software—only by device reset  or power-down. 

See Table 22, “Device I dent ificat ion Codes”  on page 42 for block-status informat ion. 

1 1 .3 Lock in g  Op er at ion s d u r in g  Er ase Su sp en d

Changes to block- lock status can be performed during an erase-suspend by using the 
standard locking com m and sequences to Unlock, Lock, or Lock Down a block. This 
operat ion is useful in the case when another block needs to be updated while an Erase 
operat ion is in progress.
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To change block locking during an Erase operat ion, first  issue the Erase Suspend 
command (0xB0) , and then check the Status Register unt il it  indicates that  the Erase 
operat ion has been suspended. Next , write the preferred Lock com m and sequence to a 
block and the Lock status will be changed. After complet ing any preferred Lock, Read, 
or Program operat ions, resum e the Erase operat ion with the Erase Resume command 
(0xD0) .

I f a block is Locked or Locked Down during a Suspended Erase of the sam e block, the 
locking status bits will be changed immediately. But  when the Erase is resumed, the 
Erase operat ion will complete. 

Locking operat ions cannot  be perform ed during a Program Suspend. Refer to Appendix 
A, “Write State Machine States”  on page 53 for detailed inform at ion on which 
com m ands are valid during Erase Suspend.

1 1 .4 St at u s Reg ist er  Er r o r  Ch eck in g

Using nested- locking or program -com m and sequences during Erase Suspend can 
int roduce am biguity into Status Register results. 

Since locking changes are perform ed using a two-cycle com m and sequence, for 
example, 0x60 followed by 0x01 to lock a block. Following the Block Lock, Block 
Unlock, or Block Lock-Down Setup com m and (0x60)  with an invalid com m and will 
produce a Lock-Comm and error (SR[ 4]  and SR[ 5]  will be set  to 1)  in the Status 
Register. I f a Lock-Com m and error occurs during an Erase Suspend, SR[ 4]  and SR[ 5]  
will be set  to 1 and will rem ain at  1 after the Erase is resum ed. When Erase is 
com plete, any possible error during the Erase cannot  be detected by the Status 
Register because of the previous Lock-Command error.

A sim ilar situat ion happens if an error occurs during a Program -Operat ion error nested 
within an Erase Suspend.

1 1 .5 1 2 8 - Bi t  Pr o t ect ion  Reg ist er

The C3 device architecture includes a 128-bit  protect ion register than can be used to 
increase the security of a system  design. For example, the number contained in the 
protect ion register can be used to “m atch”  the flash com ponent  with other system  
com ponents, such as the CPU or ASI C, prevent ing device subst itut ion. Applicat ion note, 
AP-657  Designing with the Advanced+  Boot  Block Flash Memory Architecture, contains 
addit ional applicat ion inform at ion.

The 128 bits of the protect ion register are divided into two 64-bit  segm ents. One of the 
segm ents is program m ed at  the Num onyx factory with a unique 64-bit  number, which 
is unchangeable. The other segm ent  is left  blank for custom er designs to program , as 
preferred. Once the custom er segm ent  is programmed, it  can be locked to prevent  
further program m ing.

1 1 .5 .1 Read in g  t h e Pr o t ect ion  Reg ist er

The protect ion register is read in the Read-I dent ifier m ode. The device is switched to 
this m ode by issuing the Read I dent ifier com m and (0x90) . Once in this m ode, read 
cycles from  addresses shown in Figure 15, “Protect ion Register Mapping”  ret r ieve the 
specified inform at ion. To return to Read-Array m ode, issue the Read Array com m and 
(0xFF) .
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1 1 .5 .2 Pr og r am m in g  t h e Pr o t ect ion  Reg ist er

The protect ion register bits are programmed using the two-cycle Protect ion Program 
command. The 64-bit  number is programmed 16 bits at  a t ime. First , issue the 
Protect ion Program  Setup com m and, 0xC0. The next  write to the device will latch in 
address and data and program the specified locat ion. The allowable addresses are 
listed in Table 22, “Device I dent ificat ion Codes”  on page 42. See Figure 22, “Protect ion 
Register Programm ing Flowchart ”  on page 61. At tempt ing to program  to a previously 
locked protect ion register segment  will result  in a Status Register error (Program  Error 
bit  SR[ 4]  and Lock Error bit  SR[ 1]  will be set  to 1) .

Note: Do not  at tempt  to address Protect ion Program com m ands outside the defined 
protect ion register address space;  status register can be indeterm inate.

1 1 .5 .3 Lock in g  t h e Pr o t ect ion  Reg ist er

The user-programmable segment  of the protect ion register is lockable by programming 
bit  1 of the PR-LOCK locat ion to 0. Bit  0 of this locat ion is program med to 0 at  the 
Num onyx factory to protect  the unique device num ber. This bit  is set  using the 
Protect ion Program  com m and to program  0xFFFD to the PR-LOCK locat ion. After these 
bits have been programmed, no further changes can be made to the values stored in 
the protect ion register. Protect ion Program  com m ands to a locked sect ion will result  in 
a Status Register error (Program  Error bit  SR[ 4]  and Lock Error bit  SR[ 1]  will be set  to 
1) . Protect ion register lockout  state is not  reversible.

1 1 .6 VPP Pr og r am  an d  Er ase Vo l t ag es

The C3 device provides in-system programming and erase in the 1.65 V–3.6 V range. 
For fast  product ion program ming, 12 V program m ing can be used.

1 1 .6 .1 Pr og r am  Pr o t ect ion

I n addit ion to the flexible block locking, the VPP program m ing voltage can be held low 
for absolute hardware write protect ion of all blocks in the flash device. When VPP is 
below or equal to VPPLK,  any Program  or Erase operat ion will result  in an error, 
prompt ing the corresponding Status Register bit  (SR[ 3] )  to be set .

Figu r e 1 5 : Pr o t ect ion  Reg ist er  Map p in g

0x88

0x85

64-bit Segment
(User-Programmable)

0x84

0x81

0x80

PR Lock Register 0

64-bit Segment
(Intel Factory-Programmed)

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

128-Bit Protection Register 0
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Not e:
1. A resistor can be used if the VCC supply can sink adequate current  based on resistor value. See AP-657 Designing with the 

Advanced+  Boot  Block Flash Mem ory Architecture for details.

Fig u r e 1 6 : Ex am p le Pow er  Su p p ly  Con f igu r at ion s

V
CC

VPP

12 V Fast Programming

Absolute Write Protection With V
PP

 ≤   V
PPLK

System Supply

12 V Supply

10 ≤  KΩ

V
CC

V
PP

System Supply

12 V Supply

Low Voltage and 12 V Fast Programming

VCC

V
PP

System Supply

Prot#
(Logic Signal)

V
CC

V
PP

System Supply

Low-Voltage Programming

Low-Voltage Programming

Absolute Write Protection via Logic Signal

(Note 1)
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Ap p en d ix  A W r i t e  St at e Mach in e St at es

Table 26 and Table 27 show the Write State Machine command state t ransit ions based 
on incom ing com m ands.

Tab le 2 6 : W r i t e St at e Mach in e St at es  ( Sh eet  1  o f  2 )

Com m an d  I n p u t  ( an d  Nex t  St a t e)

Cu r r en t  St a t e
SR.

7

Dat a  
W h en  
Read

Read  
Ar r ay  
( FFH)

Pr og r am  
Set u p  
( 1 0 /
4 0 H)

Er ase 
Set u p  
( 2 0 H)

Er ase 
Con f i r m  
( D0 H)

Pr og / Er s 
Su sp en d  

( B0 H)

Pr og /
Er s 

Resu m e 
( D0 )

Read  
St at u s 
( 7 0 H)

Clear  
St a t u s 
( 5 0 H)

Read Array “1” Array
Read 
Array

Prog. 
Setup

Ers. 
Setup

Read Array Read Sts.
Read 
Array

Read Status “1” Status
Read 
Array

Prog. 
Setup

Ers. 
Setup

Read Array Read Sts.
Read 
Array

Read Config. “1” Config
Read 
Array

Prog. 
Setup

Ers. 
Setup

Read Array Read Sts.
Read 
Array

Read Query “1” CFI
Read 
Array

Prog. 
Setup

Ers. 
Setup

Read Array Read Sts.
Read 
Array

Lock Setup “1” Status Lock Com m and Error
Lock 

(Done)

Lock 
Cm d. 
Error

Lock 
(Done)

Lock Cm d. Error

Lock Cm d. Error “1” Status
Read 
Array

Prog. 
Setup

Ers. 
Setup

Read Array Read Sts.
Read 
Array

Lock Oper. 
(Done)

“1” Status
Read 
Array

Prog. 
Setup

Ers. 
Setup

Read Array Read Sts.
Read 
Array

Prot .  Prog. 
Setup

“1” Status Protect ion Register Program

Prot .  Prog.
(Not  Done)

“0” Status Protect ion Register Program  (Not  Done)

Prot .  Prog. 
(Done)

“1” Status
Read 
Array

Prog. 
Setup

Ers. 
Setup

Read Array Read Sts.
Read 
Array

Prog. Setup “1” Status Program

Program  (Not  
Done)

“0” Status Program  (Not  Done)
Prog. Sus. 

Status
Program  (Not  Done)

Prog. Susp. 
Status

“1” Status

Prog. 
Sus. 
Read 
Array

Program  Suspend 
Read Array

Prog. 
(Not  

Done)

Prog. Sus. 
Rd. Array

Program  
(Not  

Done)

Prog. 
Sus. 

Status

Prog. 
Sus. Rd. 

Array

Prog. Susp. 
Read Array

“1” Array

Prog. 
Sus. 
Read 
Array

Program  Suspend 
Read Array

Prog. 
(Not  

Done)

Prog. Sus. 
Rd. Array

Program  
(Not  

Done)

Prog. 
Sus. 

Status

Prog. 
Sus. Rd. 

Array

Prog. Susp. 
Read Config

“1” Config

Prog. 
Sus. 
Read 
Array

Program  Suspend 
Read Array

Prog. 
(Not  

Done)

Prog. Sus. 
Rd. Array

Program  
(Not  

Done)

Prog. 
Sus. 

Status

Prog. 
Sus. Rd. 

Array

Prog. Susp. 
Read Query

“1” CFI

Prog. 
Sus. 
Read 
Array

Program  Suspend 
Read Array

Prog. 
(Not  

Done)

Prog. Sus. 
Rd. Array

Program  
(Not  

Done)

Prog. 
Sus. 

Status

Prog. 
Sus. Rd. 

Array

 Program  
(Done)

“1” Status
Read 
Array

Prog. 
Setup

Ers. 
Setup

Read Array
Read 

Status
Read 
Array

Erase Setup “1” Status Erase Com m and Error
Erase
(Not  

Done)

Erase 
Cm d. 
Error

Erase
(Not  

Done)

Erase Com m and 
Error
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Erase Cm d. 
Error

“1” Status
Read 
Array

Prog. 
Setup

Ers. 
Setup

Read Array
Read 

Status
Read 
Array

Erase (Not  
Done)

“0” Status Erase (Not  Done)
Erase Sus. 

Status
Erase (Not  Done)

Ers. Susp. 
Status

“1” Status

Erase 
Sus. 
Read 
Array

Prog. 
Setup

Ers. Sus. 
Rd. 

Array
Erase

Ers. Sus. 
Rd. Array

Erase
Erase 
Sus. 

Status

Ers. Sus. 
Rd. Array

Erase Susp. 
Array

“1” Array

Erase 
Sus. 
Read 
Array

Prog. 
Setup

Ers. Sus. 
Rd. 

Array
Erase

Ers. Sus. 
Rd. Array

Erase
Erase 
Sus. 

Status

Ers. Sus. 
Rd. Array

Ers. Susp. Read 
Config

“1” Config

Erase 
Sus. 
Read 
Array

Prog. 
Setup

Ers. Sus. 
Rd. 

Array
Erase

Ers. Sus. 
Rd. Array

Erase
Erase 
Sus. 

Status

Ers. Sus. 
Rd. Array

Ers. Susp. Read 
Query

“1” CFI

Erase 
Sus. 
Read 
Array

Prog. 
Setup

Ers. Sus. 
Rd. 

Array
Erase

Ers. Sus. 
Rd. Array

Erase
Erase 
Sus. 

Status

Ers. Sus. 
Rd. Array

Erase (Done) “1” Status
Read 
Array

Prog. 
Setup

Ers. 
Setup

Read Array Read Sts.
Read 
Array

Tab le 2 7 : W r i t e  St at e Mach in e St at es, Con t in u ed

Com m an d  I n p u t  ( an d  Nex t  St a t e)

Cu r r en t  
St a t e

Read  Con f ig
( 9 0 H)

Read  Qu er y  
( 9 8 H)

Lock  Set u p
( 6 0 H)

Pr o t . Pr og . 
Set u p  ( C0 H)

Lock  
Con f i r m  
( 0 1 H)

Lock  Dow n  
Con f i r m

( 2 FH)

Un lock  
Con f i r m
( D0 H)

Read Array Read Config. Read Query Lock Setup
Prot . Prog. 

Setup
Read Array

Read Status Read Config. Read Query Lock Setup
Prot . Prog. 

Setup
Read Array

Read Config. Read Config. Read Query Lock Setup
Prot . Prog. 

Setup
Read Array

Read Query Read Config. Read Query Lock Setup
Prot . Prog. 

Setup
Read Array

Lock Setup Locking Com m and Error Lock Operat ion (Done)

Lock Cm d. 
Error

Read Config. Read Query Lock Setup
Prot . Prog. 

Setup
Read Array

Lock Oper. 
(Done)

Read Config. Read Query Lock Setup
Prot . Prog. 

Setup
Read Array

Prot .  Prog. 
Setup

Protect ion Register Program

Prot .  Prog.
(Not  Done)

Protect ion Register Program  (Not  Done)

Prot .  Prog. 
(Done)

Read Config. Read Query Lock Setup
Prot . Prog. 

Setup
Read Array

Prog. Setup Program

Program
(Not  Done)

Program  (Not  Done)

Prog. Susp. 
Status

Prog. Susp. 
Read Config.

Prog. Susp. 
Read Query

Program  Suspend Read Array
Program  

(Not  Done)

Tab le 2 6 : W r i t e  St at e Mach in e St at es  ( Sh eet  2  o f  2 )



March 2008 Datasheet
290645-24 55

C3  Discr et e

Prog. Susp. 
Read Array

Prog. Susp. 
Read Config.

Prog. Susp. 
Read Query

Program  Suspend Read Array
Program  

(Not  Done)

Prog. Susp. 
Read Config.

Prog. Susp. 
Read Config.

Prog. Susp. 
Read Query

Program  Suspend Read Array
Program  

(Not  Done)

Prog. Susp. 
Read Query.

Prog. Susp. 
Read Config.

Prog. Susp. 
Read Query

Program  Suspend Read Array
Program  

(Not  Done)

Program
(Done)

Read Config. Read Query Lock Setup
Prot .  Prog. 

Setup
Read Array

Erase
Setup

Erase Com m and Error
Erase 

(Not  Done)

Erase Cm d. 
Error

Read Config. Read Query Lock Setup
Prot .  Prog. 

Setup
Read Array

Erase 
(Not  Done)

Erase (Not  Done)

Erase Susp. 
Status

Ers. Susp. 
Read Config.

Erase 
Suspend 

Read Query
Lock Setup Erase Suspend Read Array

Erase
(Not  Done)

Erase 
Suspend 

Array

Ers. Susp. 
Read Config.

Erase 
Suspend 

Read Query
Lock Setup Erase Suspend Read Array

Erase
(Not  Done)

Eras Sus. 
Read Config

Erase 
Suspend 

Read Config.

Erase 
Suspend 

Read Query
Lock Setup Erase Suspend Read Array

Erase
(Not  Done)

Eras Sus. 
Read Query

Erase 
Suspend 

Read Config.

Erase 
Suspend 

Read Query
Lock Setup Erase Suspend Read Array

Erase
(Not  Done)

Ers.(Done) Read Config. Read Query Lock Setup
Prot .  Prog. 

Setup
Read Array

Tab le 2 7 : W r i t e St at e Mach in e St at es, Con t in u ed



C3  Discr et e

Datasheet March 2008
56 290645-24

Ap p en d ix  B Flow  Ch ar t s

Fig u r e 1 7 : W or d  Pr og r am  Flow ch ar t

Program
Suspend

Loop

Start

Write 0x40,

Word Address

Write Data,

Word Address

Read Status
Register

SR[7] =

Full Status

Check
(if desired)

Program
Complete

Suspend?

1

0

No

Yes

WORD PROGRAM PROCEDURE

Repeat for subsequent Word Program 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 to the Read Array

state.

Comments
Bus

Operation
Command

Data = 0x40

Addr = Location to program
Write

Program

Setup

Data = Data to program
Addr = Location to program

Write Data

Status register data: Toggle CE# or

OE# to update Status Register
Read None

Check SR[7]

1 = WSM Ready
0 = WSM Busy

Idle None

 (Setup)

 (Confirm)

FULL STATUS CHECK PROCEDURE

Read Status

Register

Program
Successful

SR[3] =

SR[1] =

0

0

SR[4]  =

0

1

1

1 VPP Range
Error

Device

Protect Error

Program

Error

SR[3] MUST be cleared before the Write State Machine will
allow further program attempts.

If an error is detected, clear the Status Register before

continuing operations - only the Clear Staus Register
command clears the Status Register error bits.

Idle

Idle

Bus

Operation

None

None

Command

Check SR[3]:
1 = V

PP
 Error

Check SR[4]:
1 = Data Program Error

Comments

Idle None
Check SR[1]:

1 = Block locked; operation aborted
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Figu r e 1 8 : Pr og r am  Su spen d  /  Resu m e Flow ch ar t

Read Status
Register

SR[7] =

SR[2] =

Read Array

Data

Program

Completed

Done
Reading

Program

Resumed

Read Array
Data

0

No

0

Yes

1

1

PROGRAM SUSPEND / RESUME PROCEDURE

Write
Program

Resume

Data = 0xD0

Addr =  Any address

Bus
Operation

Command Comments

Write
Program
Suspend

Data = 0xB0
Addr = Any address

Idle None

Check SR[7]:

1 = WSM ready
0 = WSM busy

Idle None

Check SR[2]:

1 = Program suspended
0 = Program completed

Write
Read

Array

Data = 0xFF

Addr = Any address

Read None
Read array data from block other than
the one being programmed

Read None

Status register data

Toggle CE# or OE# to update Status
register
Addr = Any  address

Write 0xFF (Read Array)

Write 0xD0
Any Address

(Program Resume)

Write 0xFF
(Read
Array)

Write
Read

Status

Data = 0x70

Addr = Any address

Start

Write 0xB0
Any Address

 (Program Suspend)

Write 0x70

Any Address
 (Read Status)
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Fig u r e 1 9 : Er ase Su sp en d  /  Resu m e Flow ch ar t

Erase

Completed

Read Array
Data

0

0

1

1

Start

Read Status
Register

SR[7] =

SR[6] =

Erase

Resumed

 Done
Reading

Write

Write

Idle

Idle

Write

Erase
Suspend

Read Array

or Program

None

None

Program

Resume

Data = 0xB0
Addr = Any address

Data = 0xFF or 0x40

Addr = Any address

Check SR[7]:

1 = WSM ready
0 = WSM busy

Check SR[6]:
1 = Erase suspended

0 = Erase completed

Data = 0xD0

Addr = Any address

Bus
Operation

Command Comments

Read None
Status Register data. Toggle CE# or
OE# to update Status register;

Addr = Any Address

Read or
Write

None
Read array or program data from/to
block other than the one being erased

ERASE SUSPEND / RESUME PROCEDURE

Write 0x70,

Any Address
(Read Status)

Write 0xB0,
Any Address

  (Erase Suspend)

Write 0xD0,
Any Address

(Erase Resume) Write 0xFF (Read Array)

Write
Read

Status

Data = 0x70

Addr = Any address

Read Array

Data

Write 0xFF

0

(Read Array)

1
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Figu r e 2 0 : Block  Er ase Flow ch ar t

Start

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.

SR[1,3] must be cleared before the Write State Machine will

allow further erase attempts.

Only the Clear Status Register command clears SR[1, 3, 4, 5].

If an error is detected, clear the Status register before

attempting an erase retry or other error recovery.

No

Suspend

Erase

1

0

0

0

1

1,1

1

1

0 Yes

Suspend
Erase

Loop

0

Write 0x20,
Block Address

Write 0xD0,

Block Address

Read Status
Register

SR[7] =

Full Erase

Status Check
(if desired)

Block Erase
Complete

Read Status

Register

Block Erase

Successful

SR[1] =
Block Locked

Error

BLOCK ERASE PROCEDURE

Bus
Operation

Command Comments

Write
Block
Erase

Setup

Data = 0x20

Addr = Block to be erased (BA)

Write
Erase

Confirm
Data = 0xD0
Addr = Block to be erased (BA)

Read None
Status Register data. Toggle CE# or

OE# to update Status register data

Idle None

Check SR[7]:

1 = WSM ready
0 = WSM busy

Bus

Operation
Command Comments

SR[3] =
V

PP
 Range

Error

SR[4,5] =
Command

Sequence Error

SR[5] =
Block Erase

Error

Idle None
Check SR[3]:

1 = VPP Range Error

Idle None
Check SR[4,5]:
Both 1 = Command Sequence Error

Idle None
Check SR[5]:

1 = Block Erase Error

Idle None

Check SR[1]:

1 = Attempted erase of locked block;
erase aborted.

 (Block Erase)

(Erase Confirm)
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Fig u r e 2 1 : Lock in g  Op er at ion s Flow ch ar t

No

Start

Write 0x60,

Block Address

Write 0x90

Read Block

Lock Status

Locking
Change?

Lock Change

Complete

Write either

0x01/0xD0/0x2F,
Block Address

Write 0xFF
Any Address

Yes

Write

Write

Write
(Optional)

Read

(Optional)

Idle
(Optional)

Write

Lock

Setup

Lock,
Unlock, or

Lock-Down
Confirm

Read
Device ID

Block Lock

Status

None

Read

Array

Data = 0x60

Addr = Any Address

Data = 0x01 (Block Lock)
0xD0 (Block Unlock)

0x2F (Lock-Down Block)
Addr = Block to lock/unlock/lock-down

Data = 0x90
Addr = Any Address

Block Lock status data

Addr = Block address + offset 2

Confirm locking change on D[1,0] .

Data = 0xFF

Addr = Any address

Bus
Operation

Command Comments

LOCKING OPERATIONS PROCEDURE

(Lock Confirm)

(Read Device ID)

(Read Array)

O
p

tio
n

a
l

 (Lock Setup)
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Figu r e 2 2 : Pr o t ect ion  Reg ist er  Pr og r am m in g  Flow 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.

SR[3] must be cleared before the Write State Machine will

allow further program attempts.

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.

1

0

1

1

PROTECTION REGISTER PROGRAMMING  PROCEDURE

Start

Write 0xC0,
PR Address

Write PR

Address & Data

Read Status
Register

SR[7] =

Full Status

Check
(if desired)

Program
Complete

Read Status
Register Data

Program

Successful

SR[3], SR[4] = VPP Range Error

Program Error

Register  Locked;

Program Aborted

Idle

Idle

Bus
Operation

None

None

Command

Check SR[1], SR[3], SR[4]:

0,1,1 = VPP Range Error

Check SR[1], SR[3], SR[4]:
0,0,1 = Programming Error

Comments

Write

Write

Idle

Program

PR Setup

Protection
Program

None

Data = 0xC0

Addr = First Location to Program

Data = Data to Program
Addr = Location to Program

Check SR[7]:

1 = WSM Ready
0 = WSM Busy

Bus
Operation

Command Comments

Read None
Status Register Data. Toggle CE# or

OE# to Update Status Register Data

Idle None
Check SR[1], SR[3], SR[4]:
1,0,1 = Block locked; operation aborted

 (Program Setup)

  (Confirm Data)

0

0

SR[3], SR[4] =

0

SR[3], SR[4] =

1
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Ap p en d ix  C Com m on  Flash  I n t er f ace

This appendix defines the data st ructure or “database”  returned by the Com m on Flash 
I nterface (CFI )  Query com m and. System  software should parse this st ructure to gain 
cr it ical inform at ion such as block size, density, x8/ x16, and elect r ical specificat ions. 
Once this inform at ion has been obtained, the software detects which com m and sets to 
use to enable flash writes, block erases, and otherwise cont rol the flash component . 
The Query is part  of an overall specificat ion for mult iple command set  and cont rol 
interface descript ions called Com m on Flash I nterface, or CFI . 

C.1 Qu er y  St r u ct u r e Ou t pu t

The Query database allows system  software to obtain inform at ion for cont rolling the 
flash device. This sect ion describes the device’s CFI -com pliant  interface that  allows 
access to Query data.

Query data are presented on the lowest-order data outputs (DQ0-DQ7)  only. The 
num erical offset  value is the address relat ive to the m axim um  bus width supported by 
the device. On this fam ily of devices, the Query table device start ing address is a 0x10, 
which is a word address for x16 devices.

For a word-wide (x16)  device, the first  two Query-st ructure bytes, ASCI I  “Q”  and “R,”  
appear on the low byte at  word addresses 0x10 and 0x11. This CFI -com pliant  device 
outputs 0x00 data on upper bytes. The device outputs ASCI I  “Q”  in the low byte (DQ0-
DQ7)  and 0x00 in the high byte (DQ8-DQ15) .

At  Query addresses containing two or m ore bytes of inform at ion, the least-significant  
data byte is presented at  the lower address, and the most-significant  data byte is 
presented at  the higher address.

For tables in this appendix, addresses and data are represented in hexadecimal 
notat ion, so the “h”  suffix has been dropped. I n addit ion, since the upper byte of word-
wide devices is always “0x00,”  the 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 0x00 on the upper byte in this m ode.

Tab le 2 8 : Su m m ar y  o f  Qu er y  St r u ct u r e Ou t p u t  as a Fu n ct ion  o f  Dev ice an d  Mod e

Dev ice Hex  Of f set Hex  Cod e ASCI I  Va lu e

Device Addresses

00010: 51 "Q"

00011: 52 "R"

00012: 59 "Y"
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C.2 Qu er y  St r u ct u r e Ov er v iew

The Query com m and causes the flash com ponent  to display the Com m on Flash 
I nterface (CFI )  Query st ructure or “database.”  Table 30 summarizes the st ructure sub-
sect ions and address locat ions.

C.3 Block  St at u s Reg ist er

The Block Status Register indicates whether an erase operat ion com pleted successfully 
or whether a given block is locked or can be accessed for flash program / erase 
operat ions. See Table 31.

Block Erase Status (BSR[ 1] )  allows system software to determ ine the success of the 
last  block erase operat ion. BSR[ 1]  can be used just  after power-up to verify that  the 
VCC supply was not  accidentally rem oved during an erase operat ion.

Tab le 2 9 : Ex am p le o f  Qu er y  St r u ct u r e Ou t pu t  o f  x 1 6  Dev ices

W or d  Ad d r essin g :  

Of f set Hex  Cod e Valu e

A[ X- 0 ] DQ[ 1 6 :0 ]

0x00010 0051 "Q"

0x00011 0052 "R"

0x00012 0059 "Y"

0x00013 P_I DLO PrVendor

0x00014 P_I DHI I D #

0x00015 PLO PrVendor

0x00016 PHI TblAdr

0x00017 A_I DLO AltVendor

0x00018 A_I DHI I D #

...   . . .   . . .

Tab le 3 0 : Qu er y  St r u ct u r e

Of f set Su b - Sect ion  Nam e Descr ip t ion 1

0x00000 Manufacturer Code

0x00001 Device Code

0x(BA+ 2) 2 Block Status register Block-specific inform at ion

0x00004-0xF Reserved Reserved for vendor-specific inform at ion

0x00010 CFI  query ident ificat ion st r ing Com m and set  I D and vendor data offset

0x0001B System  interface inform at ion Device t im ing & voltage inform at ion

0x00027 Device geom et ry definit ion Flash device layout

P3 Prim ary Num onyx-specific 
Extended Query Table

Vendor-defined addit ional inform at ion specific to the Prim ary Vendor 
Algorithm

Not es:
1. Refer to the Query St ructure Output  sect ion and offset  0x28 for the detailed definit ion of offset  address as a funct ion of 

device bus width and m ode.
2. BA =  Block Address beginning locat ion ( i.e., 0x08000 is block 1’s beginning locat ion when the block size is 32K-word) .
3. Offset  15 defines “P”  which points to the Prim ary Num onyx-specific Extended Query Table.



C3  Discr et e

Datasheet March 2008
64 290645-24

Not es:
1. BA =  Block Address beginning locat ion ( i.e., 0x08000 is block 1’s beginning locat ion when the block size is 32K-word) .

C.4 CFI  Qu er y  I d en t i f i cat ion  St r in g

The I dent ificat ion St r ing provides verificat ion that  the com ponent  supports the 
Common Flash I nterface specificat ion. I t  also indicates the specificat ion version and 
supported vendor-specified command set (s) . See Table 32.

Tab le 3 1 : Block  St at u s Reg ist er

Offset Length Description Add. Value

0x(BA+ 2)1 1

Block Lock Status Register BA+ 2 - -00 or - -01

BSR[ 0]  Block lock status

   0 =  Unlocked

   1 =  Locked 

BA+ 2 (bit  0) :  0 or 1

BSR[ 1]  Block lock-down status

   0 =  Not  locked down

   1 =  Locked down

BA+ 2 (bit  1) :  0 or 1

BSR[ 7: 2] :  Reserved for future use BA+ 2 (bit  2-7) :  0

Tab le 3 2 : CFI  I d en t i f i cat ion

Of f set Len g t h Descr ip t ion Ad d . Hex  Cod e Valu e

0x10 3 Query-unique ASCI I  st r ing “QRY“
10:
11:
12:

- -51
- -52
- -59

“Q”
“R”
“Y”

0x13 2
Prim ary vendor com m and set  and control interface I D code
16-bit  I D code for vendor-specified algor ithm s

13:
14:

- -03
- -00

0x15 2 Extended Query Table pr im ary algor ithm  address 
15:
16:

- -35
- -00

0x17 2
Alternate vendor com m and set  and cont rol interface I D code
0x0000 m eans no second vendor-specified algorithm  exists 

17:
18:

- -00
- -00

0x19 2
Secondary algor ithm  Extended Query Table address
0x0000 m eans none exists

19:
1A:

- -00
- -00

Tab le 3 3 : Sy st em  I n t er f ace I n f o r m at ion

Of f set Len g t h Descr ip t ion Ad d . Hex  Cod e Valu e

0x1B 1
VCC logic supply m inim um  program / erase voltage
   bits 0–3 BCD 100 m V
   bits 4–7 BCD volts

1B: - -27 2.7 V

0x1C 1
VCC logic supply m axim um  program / erase voltage
   bits 0–3 BCD 100 m V
   bits 4–7 BCD volts

1C: - -36 3.6 V

0x1D 1
VPP [ program m ing]  supply m inim um  program / erase voltage
   bits 0–3 BCD 100 m V
   bits 4–7 HEX volts

1D: - -B4 11.4 V

0x1E 1
VPP [ program m ing]  supply m axim um  program / erase voltage
   bits 0–3 BCD 100 m V
   bits 4–7 HEX volts

1E: - -C6 12.6 V

0x1F 1 “n”  such that  typical single word program  t im e-out  = 2n µs 1F: - -05 32 µs
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C.5 Dev ice Geom et r y  Def in i t ion

0x20 1 “n”  such that  typical m ax. buffer write t im e-out  =  2n µs 20: - -00 NA

0x21 1 “n”  such that  typical block erase t im e-out  =  2n m s 21: - -0A 1 s

0x22 1 “n”  such that  typical full chip erase t im e-out  =  2n m s 22: - -00 NA

0x23 1 “n”  such that  m axim um  word program  t im e-out  =  2n t im es typical 23: - -04 512µs

0x24 1 “n”  such that  m axim um  buffer write t im e-out  =  2n t im es typical 24: - -00 NA

0x25 1 “n”  such that  m axim um  block erase t im e-out  =  2n t im es typical 25: - -03 8s

0x26 1 “n”  such that  m axim um  chip erase t im e-out  =  2n t im es typical 26: - -00 NA

Tab le 3 3 : Sy st em  I n t er f ace I n f o r m at ion

Of f set Len g t h Descr ip t ion Ad d . Hex  Cod e Valu e

Tab le 3 4 : Dev ice Geom et r y  Def in i t ion

Of f set Len g t h Descr ip t ion Ad d .
Hex  

Cod e
Valu e

0x27 1 “n”  such that  device size =  2n in num ber of bytes 27

See Table 35, 
“Device 

Geom etry 
Details”  on 

page 66

0x28 2 Flash device interface:

 x8 async

28: 00,29: 0
0

 x16 async

28: 01,29: 00

x8/ x16 async

28: 02,29: 00

28:

29:

- -01

- -00
x16

0x2A 2 “n”  such that  m axim um  num ber of bytes in write buffer =  2n 2A:

2B:

- -00

- -00
0

0x2C 1

Num ber of erase block regions within device:

   1. x =  0 m eans no erase blocking;  the device erases in “bulk”  

   2. x specifies the num ber of device or part it ion regions 

       with one or m ore cont iguous sam e-size erase blocks.

   3. Sym m etrically blocked part it ions have one blocking region

   4. Part it ion size =  ( total blocks)  x ( individual block size)

2C: - -02 2

0x2D 4

Erase Block Region 1 I nform at ion 

bits 0–15 =  y, y+ 1 =  num ber of ident ical-size erase blocks

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

2D:

2E:

2F:

30:

See Table 35, 
“Device 

Geom etry 
Details”  on 

page 66

0x2D 14

Erase Block Region 2 I nform at ion

bits 0–15 =  y, y+ 1 =  num ber of ident ical-size erase blocks

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

31:

32:

33:

34:

See Table 35, 
“Device 

Geom etry 
Details”  on 

page 66
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C.6 Nu m on y x - Sp eci f i c Ex t en d ed  Qu er y  Tab le

Certain flash features and com mands are opt ional as shown in Table 36, “Primary-
Vendor Specific Extended Query”  on page 66. The Num onyx-specific Extended Query 
table specifies these features as well as other sim ilar types of inform at ion.

Tab le 3 5 : Dev ice Geom et r y  Det a i l s

Ad d r ess

1 6  Mb i t 3 2  Mb i t 6 4  Mb i t

- B - T - B - T - B - T

0x27 - -15 -15 - -16 -16 - -17 - -17

0x28 - -01 - -01 - -01 - -01 - -01 - -01

0x29 - -00 - -00 - -00 -00 -00 -00

0x2A - -00 - -00 - -00 -00 -00 -00

0x2B - -00 - -00 - -00 -00 -00 -00

0x2C - -02 - -02 - -02 - -02 - -02 - -02

0x2D - -07 - -1E - -07 - -3E - -07 - -7E

0x2E - -00 - -00 - -00 -00 -00 -00

0x2F - -20 - -00 - -20 -00 - -20 - -00

0x30 - -00 - -01 - -00 - -01 - -00 - -01

0x31 - -1E - -07 - -3E - -07 - -7E - -07

0x32 - -00 - -00 - -00 -00 -00 -00

0x33 - -00 - -20 - -00 - -20 - -00 - -20

0x34 - -01 - -00 - -01 - -00 - -01 - -00

Tab le 3 6 : Pr im ar y - Ven d or  Speci f i c Ex t en d ed  Qu er y  ( Sh eet  1  o f  2 )

Of f set 1

P =  0 x 1 5
Len g t h

Descr ip t ion  
( Op t ion a l  Flash  Feat u r es an d  Com m an d s)

Ad d r ess Hex  Cod e Valu e

0x(P+ 0)
0x(P+ 1)
0x(P+ 2)

3
Prim ary extended query table
Unique ASCI I  st r ing “PRI ”

35:
36:
37:

- -50
- -52
- -49

“P”
“R”
“ I ”

0x(P+ 3) 1 Major version num ber, ASCI I 38: - -31 “1”

0x(P+ 4) 1 Minor version num ber, ASCI I 39: - -30 “0”

0x(P+ 5)
0x(P+ 6)
0x(P+ 7)
0x(P+ 8)

4

Opt ional feature and com m and support  (1= yes, 
0= no)
bits 9–31 are reserved;  undefined bits are “0.”  I f 
bit  31 is “1”  then another 31 bit  f ield of opt ional 
features follows at  the end of the bit -30 field.

3A:
3B:
3C:
3D:

- -66
- -00
- -00
- -00

bit  0 Chip erase supported
bit  1 Suspend erase supported
bit  2 Suspend program  supported
bit  3 Legacy lock/ unlock supported
bit  4 Queued erase supported
bit  5 I nstant  individual block locking supported
bit  6 Protect ion bits supported
bit  7 Page m ode read supported
bit  8 Synchronous read supported

bit  0  =  0
bit  1  =  1
bit  2  =  1
bit  3  =  0
bit  4  =  0
bit  5  =  1
bit  6  =  1
bit  7  =  0
bit  8  =  0

No
Yes
Yes
No
No
Yes
Yes
No
No
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0x(P+ 9) 1

Supported funct ions after suspend:  Read Array, 
Status, Query
   Other supported operat ions are:
   bits 1–7 reserved;  undefined bits are “0”

3E: - -01

bit  0  Program  supported after erase suspend bit  0  =  1 Yes

0x(P+ A)
0x(P+ B)

2

Block Status Register m ask 
bits 2–15 are Reserved;   undefined bits are “0”
bit  0  Block Lock-Bit  Status Register act ive
bit  1  Block Lock-Down Bit  Status act ive

3F: - -03

40: - -00

bit  0  =  1 Yes

bit  1  =  1 Yes

0x(P+ C) 1

VCC logic supply highest  perform ance program /
erase voltage
   bits 0–3  BCD value in 100 m V
   bits 4–7  BCD value in volts

41: - -33 3.3 V

0x(P+ D) 1
VPP opt im um  program / erase supply voltage
   bits 0–3  BCD value in 100 m V
   bits 4–7  HEX value in volts

42: - -C0 12.0 V

Not es:
1. The variable P is a pointer which is defined at  CFI  offset  0x15.

Tab le 3 7 : Pr o t ect ion  Reg ist er  I n f o r m at ion

Of f set 1

P =  0 x 3 5
Len g t h

Descr ip t ion  
( Op t ion a l  Flash  Feat u r es an d  Com m an d s)

Ad d r ess
Hex  

Cod e
Valu e

0x(P+ E) 1
Num ber of Protect ion register fields in JEDEC I D space.
“00h,”  indicates that  256 protect ion bytes are available

43: - -01 01

0x(P+ F)
0x(P+ 10)
(0xP+ 11)

4

44:
45:
46:

- -80
- -00
- -03

80h
00h

8 byte

0x(P+ 12)

Protect ion Field 1:  Protect ion Descr ipt ion

This field descr ibes user-available One Tim e Program m able (OTP)  
Protect ion register bytes. Som e are pre-program m ed with device-
unique ser ial num bers. Others are user program m able. Bits 0–15 
point  to the Protect ion register Lock byte, the sect ion’s first  byte. 
The following bytes are factory pre-program m ed and user-
program m able.

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-program m ed bytes
bits 24–31 =  “n”  such that  2n =  user program m able bytes

47: - -03 8 byte

0x(P+ 13) Reserved for future use 48:

Not es:
1. The variable P is a pointer which is defined at  CFI  offset  0x15.

Tab le 3 6 : Pr im ar y - Ven d or  Sp eci f i c Ex t en d ed  Qu er y  ( Sh eet  2  o f  2 )

Of f set 1

P =  0 x 1 5
Len g t h

Descr ip t ion  
( Op t ion al  Flash  Feat u r es an d  Com m an d s)

Ad d r ess Hex  Cod e Valu e
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Ap p en d ix  D Ad d i t ion a l  I n f o r m at ion

Or d er  Nu m b er Docu m en t / Too l

297938 3 Volt  Advanced+  Boot  Block Flash Mem ory Specificat ion Update

292216 AP-658 Designing for Upgrade to the Advanced+  Boot  Block Flash Mem ory

292215 AP-657 Designing with the Advanced+  Boot  Block Flash Mem ory Architecture

Contact  your Num onyx
Representat ive

Num onyx™ Flash Data I ntegrator (Num onyx™ FDI )  Software Developer ’s Kit

297874 I FDI  I nteract ive:  Play with Num onyx™ Flash Data I ntegrator on Your PC

Not es:
1. To request  Num onyx docum entat ion or tools, contact  your local Num onyx or dist r ibut ion sales office.
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Ap p en d ix  E Or d er in g  I n f o r m at ion

Figu r e 2 3 : Com pon en t  Or d er in g  I n f o r m at ion

Package

TE = 48-Lead TSOP

GT = 48-Ball µBGA* CSP

GE = VF BGA CSP

RC = Easy BGA

PC = Pb Free Easy BGA

PH = Pb Free VFBGA

JS = Pb Free TSOP

     Product line designator

     for all Intel
®
 Flash products

Access Speed (ns)

(70, 80 , 90, 100, 110)

Product Family

C3 = 3 Volt Advanced+ Boot Block

VCC = 2.7 V–3.6 V

VPP = 2.7 V–3.6 V or

           11.4 V–12.6 V

Device Density

640 = x16 (64 Mbit)

320 = x16 (32 Mbit)

160 = x16 (16 Mbit)

800 = x16 (8 Mbit)

T = Top Blocking

B = Bottom Blocking

Lithography

A = 0.25 µm

C = 0.18 µm

D = 0.13 µm

T E 2 8 F 3 2 0 C 3 T C 7 0
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Tab le 3 8 : Pr odu ct  I n f o r m at ion  Or d er in g  Mat r ix

VALI D COMBI NATI ONS ( Al l  Ex t en d ed  Tem p er at u r e)

4 8 - Lead  TSOP 4 8 - Bal l  µ BGA*  CSP 4 8 - Bal l  VF BGA Easy  BGA

Ex t en d ed  
6 4  Mb i t

Ex t en d ed  
3 2  Mb i t

TE28F320C3TD70
TE28F320C3BD70

TE28F320C3TC70
TE28F320C3BC70

TE28F320C3TC90
TE28F320C3BC90

TE28F320C3TA100 
TE28F320C3BA100 

TE28F320C3TA110 
TE28F320C3BA110

JS28F320C3BD70

JS28F320C3TD70

JS28F320C3BD90

JS28F320C3TD90

GT28F320C3TA100 
GT28F320C3BA100

GT28F320C3TA110 
GT28F320C3BA110

GE28F320C3TD70
GE28F320C3BD70

GE28F320C3TC70
GE28F320C3BC70

GE28F320C3TC90
GE28F320C3BC90

PH28F320C3BD70

PH28F320C3TD70

PH28F320C3BD90

PH28F320C3TD90

RC28F320C3TD70
RC28F320C3BD70

RC28F320C3TD90
RC28F320C3BD90

RC28F320C3TC90
RC28F320C3BC90

RC28F320C3TA100 
RC28F320C3BA100

RC28F320C3TA110 
RC28F320C3BA110

PC28F320C3BD70

PC28F320C3TD70

PC28F320C3BD90

PC28F320C3TD90

Ex t en d ed
1 6  Mb i t

TE28F160C3TD70
TE28F160C3BD70

TE28F160C3TC70
TE28F160C3BC70

TE28F160C3TC80
TE28F160C3BC80

TE28F160C3TC90
TE28F160C3BC90

TE28F160C3TA90 
TE28F160C3BA90

TE28F160C3TA110 
TE28F160C3BA110

JS28F160C3BD70

JS28F160C3TD70

GT28F160C3TA90 
GT28F160C3BA90

GT28F160C3TA110 
GT28F160C3BA110

GE28F160C3TD70
GE28F160C3BD70

GE28F160C3TC70
GE28F160C3BC70

GE28F160C3TC80
GE28F160C3BC80

GE28F160C3TC90
GE28F160C3BC90

PH28F160C3BD70

PH28F160C3TD70

RC28F160C3TD70
RC28F160C3BD70

RC28F160C3TC70
RC28F160C3BC70

RC28F160C3TC80
RC28F160C3BC80

RC28F160C3TC90
RC28F160C3BC90

RC28F160C3TA90 
RC28F160C3BA90

RC28F160C3TA110 
RC28F160C3BA110

PC28F160C3BD70

PC28F160C3TD70

Ex t en d ed
8  Mb i t

TE28F800C3TD70
TE28F800C3BD70

TE28F800C3TA90

TE28F800C3BA90

TE28F800C3TA110

TE28F800C3BA110

JS28F800C3BD70

JS28F800C3TD70

RC28F800C3TD70
RC28F800C3BD70

RC28F800C3TA90

RC28F800C3BA90

RC28F800C3TA110

RC28F800C3BA110

PC28F800C3BD70

PC28F800C3TD70

Not e: The second line of the 48-ball µBGA package top side m ark specifies assem bly codes. For sam ples only, the first  
character signifies either “E”  for engineering sam ples or “S”  for silicon daisy chain sam ples. All other assem bly codes 
without  an “E”  or “S”  as the first  character are product ion units.
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