W}WHITE ELECTRONIC DESIGNS __WEDPNF8M721V-XBX

8Mx72 Synchronous DRAM + 8Mb Flash Mixed Module
Multi-Chip Package .ovanceo

FEATURES B Sector Architecture
W Package: * One 16KByte, two 8KBytes, one 32KByte, and fif

* 275 Plastic Ball Grid Array (PBGA), 32mm x 25mm teen 64KBytes in byte mode
B Commercial, Industrial and Military Temperature Ranges * One 8K word, two 4K words, one 16K word, and

! fifteen 32K word sectors in word mode.
B Weight: N
4 * Any combination of sectors can be concurrently

* WEDPNF8M721V-XBX - 2.5 grams typical erased. Also supports full chip erase

SDRAM PERFORMANCE FEATURES B Boot Code Sector Architecture (Bottom)
- )

B Organized as 8M x 72 Embedded Erase and Program Algorithms

High Frequency = 100, 125MHz

- B Erase Suspend/Resume
B Single 3.3V +0.3V power supply
[ ]

* Supports reading data from or programing data to a

sector not being erased
Fully Synchronous; all signals registered on positive

edge of system clock cycle BENEFITS

B Internal pipelined operation; column address can be B 49% SPACE SAVINGS

h d lock cycl
changed every clock cycle B Reduced part count

B Reduced /O count
* 14% 1/O Reduction
B Suitable for hi-reliability applications
FLASH PERFORMANCE FEATURES B SDRAM Upgradeable to 16M x 72 density (contact

B User Configurable as TMx8 or 512Kx16 factory for information)
B flash upgradeable to 2M x 8 (or TM x 16 or 512K x 32)

B [nternal banks for hiding row access/precharge
B Programmable Burst length 1,2,4,8 or full page
B 4096 refresh cycles

B Access Times of 100, 120, 150ns :
. . density
B 3.3 VoltforRead and Write Operatlons * This data sheet describes a prodluct that may or may not be under
m 1,000,000 Erase/Program Cycles development and is subject to change or cancellation without notice.
Discrete Approach ACTUAL SIZE S
1.9 11.9 1.9 il A
. i v
48
reca lEAY ]W I
¢ 54 54 54 'WHITE ELECTRONIC DESIGNS N
g Tsop TSOP TSOP TSOP TSOP 5 0 WEDPNFOM722V-XBX
¢ G
FBGA S
-<«32——>
Note: Dimensions in millimeters
Area 5x265mm2 + 2 x 54mm? = 1433mm? 800mm? 44%
Cc|>/u?1t 5 x 54 pins + 2 x 48 balls = 366 connections 275 balls 25%
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WWHITE ELECTRONIC DESIGNS WEDPNF8M721V-XBX

Fic. 1 PiN CONFIGURATION
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NOTES:
1. DNU = Do Not Use
9 FD16-31, BYTES, RY/BY2 are NC in this part, and used for fiash upgraded to WEDPNEM7929V-XBX (9x8M Flash).
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W}WHITE ELECTRONIC DESIGNS

WEDPNF8M721V-XBX

Fic. 2 FuncTtioNAL BLock DiaGRAMS

SDRAM

WEo
ﬁo RASo
¢—O CASo
WE RAS CAS
Ao-11 Ao-11 DQo —o DQo
BAo-1 BAo1 4Mx16 ¢« —O -
« —0
CLKo —»{ CLK uo . -0 .
CKEo —» CKE « —0 .
CSo—»CS « —O -
DQMLo —» DQML « —O -
DQMHo —{ DQMH DQis—0 DQ1s
S —Y
RAS1
l—O CASt
WE RAS CAS
Aot DQo |—O0 DQi6
BAo1 4Mx16 « —O -
« —0O .
CLK1 —»{ CLK u1 « —o0
CKE1 —» CKE ¢« —O .
CS1—»CS ¢« —O -
DQML1 —» DQML o -
DQMH1 —»{ DOMH DQus—0 DQast
———————————OWE2
ﬁ RAS2
¢—O CAS2
WE RAS CAS
Aont DQo —O DQs2
BAo1 4Mx16 * [—© -
« —0
CLK2 —»{ CLK e —0 .
CKE2 —»{ CKE « I—0 -
€S2 —»{CS « o -
DQML2 — DQML N
DQMH2 —» DQMH DQis—0 DQ47
-
RAS3
l—ol—o oS8
WE RAS CAS
Ao DQo —O0 DQss
BAo1  4Mx16 « —O -
« I—0
CLK3 —m CLK u3 « I—0
CKE3 —»{ CKE « —O
CSs —» CS « —O -
DQML3 —» DQML c—o -
DQMH3 —{ DQMH DQis—O0 DQes
—————om
RAS4
l—o CAS4
WE RAS CAS
Aom DQo ——O DQs4
BAo1 4Mx16 * [—©O
« —0
CLke—»ICLK g . —o .
CKE4 —» CKE e l—0 .
CS4—»(CS « o -
DQMLs —» DQML * —o
DQMH4 —w| DQMH DQis—O0 DQr9

BYTE1 —™
RST —»
FWE —»  1MXx8/
FOE ——» 512Kx16
FA1-19 ——»f us
FCST —
RY/BY1 «—
16
FDo-15
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WWHITE ELECTRONIC DESIGNS WEDPNF8M721V-XBX

PackacE PiNnouT LisTING

Signal Name Pin Number

Vee D15, E15, F8, F10, F15, G4, H4, J14, J15, )16, J17,K2, K3, K4, K5, L14, L15, L16, M5, M14, M15, N4, N5, N7, N8, N14, P4, P5, P6,
P7,P11,P19,P13,P14,R4,T15,U15,V15

GND D4, D16, E4, F4,F7,F9, F11,F12,F13, G14, G15, H15, J2, J3, J4, 15, K14, K15, K16, K17, L4, L5, M4, N6, N9, N10, N11, N12, N13,
N15, P8, P9, P10, P15, R15, T4, U4, V4

FDO- 15 E8, C8,E9, C9,C10,D11,C11,D12, D8, B8, D9, D10, E10,E11,E19, E13

RYBY1 H5

RST A7

BYTE1 D13

FD16* - 31* C19,C15, A15,B9,B11,B13, A10, A19,C13,B15,B14,B10, B12, A9, A11, A4

RYBYO* A8

BYTEQ* A13

FA1-19 F14,F5,E7, E6, E5, D6, D5, C6, C5, C4, B6, BS, B4, A6, A5, A4, C14,D7,CT7

FCST H14

FCS9* E14

FWE B7

FOE D14

A0 - A11 V19,U13,V13, V14, T14,R13,T13,R12, T12,R11, U192, T11

BAO - 1 U11,v11

Cs0 H3

WEO E3

CLKO c3

CKEO B3

RASO G3

‘CTASO F3

DQMLO HO

DQMHO D3

[} H18

WET 18

CLK1 B18

CKET A18

RAST G18

CAST F18

DQML1 E18

DQMH1 c18

Cs9 718

'WE2 R18

CLkQ L18

CKEQ K18

RAS2 u18

CAS2 V18

DQMLE V17

DQMH2 M18

CS3 U3

WE3 V3

CLK3 M3

CKE3 L3

RAS3 T3

*FD16-31, RY/BYQ, BYTES are NC in this part, and used for flash upgradie to WEDPNFSM729V-XBX
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WHITE ELECTRONIC DESIGNS ___WEDPNF8M721V-XBX

PAcCKAGE PINoOUT LISTING (CONTINUED)

Signal Name Pin Number

CAS3 R3

DQML3 U2

DQMH3 N3

CS4 T10

WE4 uo

CLK4 RO

CKE4 R10

RAS4 u10

CAS4 V10

DOML4 V9

DQMH4 T9

DQO- 15 E1,F1,E9, G1,FQ, H1,J1, G2, A3, A2, B2, C2,B1, D2, C1, D1,

DQ16 - 31 E16,F16,G16,H16,E17,F17,G17,H17,D18,A17,B17,C17,D17, A16,B16, C16
DQ3Q - 47 R17,T17,U16,V16, T16,R16,U17,P18,N16, P16, P17, M16, M17,N17,N18, 117
DQ48 - 63 R1, P2, T1,R, P3, U1, VQ, T2, M2, N2, L2, M1, P1, N1, L1, K1

DQ64 - 79 U8, U6, V5, V6, U7, U5, V7, V8, R8, R6, T8, T6, R7, R5, T7, TS5

DNU F6,G5,R14,U14, V1
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WWHITE ELECTRONIC DESIGNS WEDPNF8M721V-XBX

AssoLuTE Maximum RATINGS SDRAM Carpacitance (NoTE 2)
Parameter Unit Parameter Symbol | Max Unit
Supply Voltage Range (Vo) -0.5to0 +4.0 \ Input Capacitance: CLK Cn 10 oF
Signal Voltage Range -0.5toVec+0.5| VvV Addresses, BAo-1 Input Capacitance Ca 35 oF
Operat‘mg Temperature TA (Mil) -55t0 +125 °C Inout Capacitance: Al otherinput-onlypins Cio 10 oF
Operating Temperature TA (Ind) -40to +85 C Input/Output Capacitance: [Os o 19 o
Storage Temperature, Plastic -65to +150 °C
Flash Endurance (write/erase cycles) 1,000,000 min. | cycles
NOTE: _ _ v FrasH DATA RETENTION
Stress greater than those listed under "Absolute Maximum Ratings" may cause
permanent damage to the device. This is a stress rating only and functional Parameter Test Conditions Min Unit
operation of the device at these or any other condiitions greater than those Minimum Pattern Data 150°C 10 Years
indlicated in the operational sections of this specification is not implied. R onTi 195°C %0 v
Exposure to absolute maximum rating condiitions for extended periods may etention Time ears

affect reliability.
DC ELecTrIcAL CHARACTERISTICS AND OPERATING ConbiTioNs (NoTES 1, 3)
(VCC =+3.3V 10.3V; TA =-55°C 10 +125°C)
Parameter/Condition Symbol Units
Min Max
Supply Voltage Vcc 3 3.6 \Y
Input High Voltage: Logic 1; Allinputs (4) VH 0.7 xVcc Vecc +0.3 \%
Input Low Voltage: Logic O; Allinputs (4) Vit -0.3 0.8 \%
SDRAM
Input Leakage Current: Any input OV < VN < Vcc I -5 5 HA
(All other pins not under test = OV)
SDRAM Input Leakage Address Current
(Allother pins notundertest = OV) Ii -25 25 UA
SDRAM Output Leakage Current: |/Os are disabled; OV < Vour < Vcc loz -5 5 UA
SDRAM Output High Voltage (lout = -4mA) Vo 2.4 - \
SDRAM Output Low Voltage (lour = 4mA) Vol - 0.4 \
Flash
Flash Input Leakage Current (Vcc = 3.6, Vin = GND or Vco L 10 UA
Flash Output Leakage Current (Vce = 3.6, VIN = GND or Vco lLoxs 10 UA
Flash Output High Voltage (loH = -2.0 mA, Vce = 3.0) VoH1 0.85 x Vcc \Y
Flash Output Low Voltage (loL = 5.8 mA, Vcc = 3.0) Vol 0.45 \Y
Flash Low Vcc Lock-Out Voltage (5) Vo 2.3 2.5 \
NOTES:

1. All voltages referenced to VSS.

9. This parameter is not tested but guaranteed by design. f = 1 MHz, TA = 25°C.

3. An initial pause of 100ms is required after power-up, followed by two AUTO REFRESH commandls, before proper device operation is ensured. (VCC must be
powered up simultaneously.) The two AUTO REFRESH command wake-ups should be repeated any time the tREF refresh requirement is exceeded.

4. VIH overshoot: VIH (MAX) = VICC + 2V for a pulse widlth < 3ns, and the pulse width cannot be greater than one third of the cycle rate. VIL undershoot: VIL
MIN) = -2V for a pulse widlth < 3ns.

5. Guaranteed by design, but not tested.

White Electronic Designs Corporation * Phoenix AZ * (602) 437-1520 [}



W}WHITE ELECTRONIC DESIGNS __WEDPNF8M721V-XBX

ICC SpeciFications AND ConpiTions (NoTes 1,2,3,4)
(VCC =+3.3V %0.3V; TA=-55°C 10 +125°C)

Parameter/Condition Symbol Max Units

SDRAM Operating Current: Active Mode; - e 750 mA

Burst = 2; Read or Write; trc = tre (min); CAS latency = 3 (5, 6, 7); FCS = High

SDRAM Standoy Current: Active Mode; CKE = HIGH; CS = HIGH; FCS = High; lcca 950 mA

Allbanks active after trco met; No accesses in progress (5, 7, 8)

SDRAM Operating Current: Burst Mode; Continuous burst;ﬁ =High leca 750 mA

Read or Write; All banks active; CAS latency = 3 (5, 6, 7)

SDRAM Self Refresh Current; FCS = High (14) lccr 10 mA

Flash Ve Active Current for Read : FCS = V\L,ﬁ = Vi, f= 5MHz (9), CS = High, CKE = Low lFcct 32 mA

Flash Vcc Active Current for Program or Erase: FCS= Vi, FOE =V CS = High, CKE = Low IFcce 50 mA
Standby Current: Ve = 3.6 Max, FCS = Vi, CS = High, CKE = Low lccs 20 mA

NOTES:

1. All voltages referenced to VSS.

2. An initial pause of 100ms is required after power-up, followed by two
AUTO REFRESH commandis, before proper device operation is ensured. (VCC
must be powered up simultaneously.) The two AUTO REFRESH command
wake-ups should be repeated any time the tREF refresh requirement is
exceeded.

3. AC timing and ICC tests have VIL = OV and VIH = 3V, with timing referenced
to 1.5V crossover point.

4. ICC specifications are tested after the device is properly initialized.

5. ICC is dependent on output loading and cycle rates. Specified values are
obtained with minimum cycle time and the outputs open.

6. The ICC current will decrease as the CAS latency is reduced. This is due to

SDRAM DESCRIPTION

The 64MByte (512Mb) SDRAM is a high-speed CMOS, dy-
namic random-access ,memory using 5 chips containing
134, 217, 728 bits. Each chip is internally configured as a
quad-bank DRAM with a synchronous interface. Each of the
chip’s 33,554,432-bit banks is organized as 4,096 rows by
512 columns by 16 bits.

Read and write accesses to the SDRAM are burst oriented;
accesses start at a selected location and continue for a pro-
grammed number of locations in a programmed sequence.
Accesses begin with the registration of an ACTIVE com-
mand, which is then followed by a READ or WRITE com-
mand. The address bits registered coincident with the AC-
TIVE command are used to select the bank and row to be
accessed (BAO, BA1 select the bank; AO-11 select the row).
The address bits registered coincident with the READ or
WRITE command are used to select the starting column lo-
cation for the burst access.

The SDRAM provides for programmable READ or WRITE burst
lengths of 1, 2, 4 or 8 locations, or the full page, with a
burst terminate option. An AUTO PRECHARGE function may
be enabled to provide a self-timed row precharge that is
initiated at the end of the burst sequence.

the fact that the maximum cycle rate is slower as the CAS latency is reduced.
7. Address transitions average one transition every two clocks.

8. Other input signals are allowed to transition no more than once every two
clocks and are otherwise at valid VIH or VIL levels.

9. The ICC current listed includes both the DC operating current and the
frequency dependent component (at 5 MHz). The frequency component
typically is less than 8 mA/MHz, with OE at VIH.

10. ICC active while Embedded Algorithm (orogram or erase) is in progress.
11. Maximum ICC specifications are tested with VCC = VICC Max.

12. Automatic sleep modie enables the low power mode when addressed
remain stable for tacc + 30 ns.

13. SDRAM inactive and in Power Down mode, all banks idle.

14. Self refresh available in commercial and industrial temperatures only.

The 64MB SDRAM uses an internal pipelined architecture to
achieve high-speed operation. This architecture is compat-
ible with the 2n rule of prefetch architectures, but it also
allows the column address to be changed on every clock
cycle to achieve a high-speed, fully random access.
Precharging one bank while accessing one of the other three
banks will hide the precharge cycles and provide seam-
less, high-speed, random-access operation.

The 64MB SDRAM is designed to operate in 3.3V, low-
power memory systems. An auto refresh mode is provided,
along with a power-saving, power-down mode.

All inputs and outputs are LVTTL compatible. SDRAMs offer
substantial advances in DRAM operating performance, in-
cluding the ability to synchronously burst data at a high data
rate with automatic column-address generation, the ability
to interleave between internal banks in order to hide
precharge time and the capability to randomly change col-
umn addresses on each clock cycle during a burst access.

SDRAM FUNCTIONAL DESCRIPTION

Read and write accesses to the SDRAM are burst oriented;
accesses start at a selected location and continue for a pro-
grammed number of locations in a programmed sequence.

White Electronic Designs Corporation * (602) 437-1520 ¢ www.whiteedc.com



WWHITE ELECTRONIC DESIGNS WEDPNF8M721V-XBX

Accesses begin with the registration of an ACTIVE com-
mand which is then followed by a READ or WRITE com-
mand. The address bits registered coincident with the AC-
TIVE command are used to select the bank and row to be
accessed (BAO and BA1 select the bank, A0-11 select the
row). The address bits (A0-8) registered coincident with
the READ or WRITE command are used to select the start-
ing column location for the burst access.

Prior to normal operation, the SDRAM must be initialized.
The following sections provide detailed information cover-
ing device initialization, register definition, command de-
scriptions and device operation.

INITIALIZATION

SDRAMs must be powered up and initialized in a predefined
manner. Operational procedures other than those speci-
fied may result in undefined operation. Once power is ap-
plied to VDD and VDDQ (simultaneously) and the clock is
stable (stable clock is defined as a signal cycling within tim-
ing constraints specified for the clock pin), the SDRAM re-
quires a 100us delay prior to issuing any command other
than a COMMAND INHIBIT or a NOP. Starting at some point
during this 100us period and continuing at least through
the end of this period, COMMAND INHIBIT or NOP com-
mands should be applied.

Once the 100us delay has been satisfied with at least one
COMMAND INHIBIT or NOP command having been applied,
a PRECHARGE command should be applied. All banks must
be precharged, thereby placing the device in the all banks
idle state.

Once in the idle state, two AUTO REFRESH cycles must be
performed. After the AUTO REFRESH cycles are complete, the
SDRAM is ready for Mode Register programming. Because the
Mode Register will power up in an unknown state, it should
be loaded prior to applying any operational command.

REGISTER DEFINITION
MODE REGISTER

The Mode Register is used to define the specific mode of
operation of the SDRAM. This definition includes the selec-
tion of a burst length, a burst type, a CAS latency, an oper-
ating mode and a write burst mode, as shown in Figure 3.
The Mode Register is programmed via the LOAD MODE REG-
ISTER command and will retain the stored information until
it is programmed again or the device loses power.

Mode register bits MO-M2 specify the burst length, M3
specifies the type of burst (sequential or interleaved), M4-

M6 specify the CAS latency, M7 and M8 specify the oper-
ating mode, M9 specifies the WRITE burst mode, and M10
and M11 are reserved for future use.

The Mode Register must be loaded when all banks are idle,
and the controller must wait the specified time before initi-
ating the subsequent operation. Violating either of these
requirements will result in unspecified operation.

BURST LENGTH

Read and write accesses to the SDRAM are burst oriented,
with the burst length being programmable, as shown in Fig-
ure 3. The burst length determines the maximum number of
column locations that can be accessed for a given READ or
WRITE command. Burst lengths of 1, 2, 4 or 8 locations are
available for both the sequential and the interleaved burst
types, and a full-page burst is available for the sequential
type. The full-page burst is used in conjunction with the
BURST TERMINATE command to generate arbitrary burst
lengths.

Reserved states should not be used, as unknown opera-
tion or incompatibility with future versions may result.

When a READ or WRITE command is issued, a block of col-
umns equal to the burst length is effectively selected. All
accesses for that burst take place within this block, mean-
ing that the burst will wrap within the block if a boundary is
reached. The block is uniquely selected by A1-8 when the
burst length is set to two; by A2-8 when the burst length is
set to four; and by A3-8 when the burst length is set to
eight. The remaining (least significant) address bit(s) is (are)
used to select the starting location within the block. Full-
page bursts wrap within the pase if the boundary is reached.

BURST TYPE

Accesses within a given burst may be programmed to be
either sequential or interleaved; this is referred to as the
burst type and is selected via bit M3.

The ordering of accesses within a burst is determined by
the burst length, the burst type and the starting column
address, as shown in Table 1.

CAS LATENCY

The CAS latency is the delay, in clock cycles, between the
registration of a READ command and the availability of the
first piece of output data. The latency can be set to two or
three clocks.

If a READ command is registered at clock edge n, and the
latency is m clocks, the data will be available by clock edge

White Electronic Designs Corporation * Phoenix AZ * (602) 437-1520
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Fic. 3 Mobe REGISTER DEFINITION

A1l A10 A9 As A7 A6 As

A4 A3 A2 A1 Ao

ARARARARAAZ

v/ 2/8/ 7/ 5/5 /% /7 /27 /2

‘Reserved‘} wB ‘ Op Mode| CAS Latency ‘ BT ‘ Burst Length

Address Bus

ﬂ Mode Register (Mx)

TaBLE 1 - BursT DEFINITION

Burst Starting Column Order of Accesses Within a Burst
Length Address Type = Sequential | Type = Interleaved
A0
2 0 0-1 0-1
1 1-0 1-0
Al A0
0 0 0-1-2-3 0-1-2-3
4 0 1 1-2-3-0 1-0-3-2
1 0 2-3-0-1 2-3-0-1
1 1 3-0-1-2 3-2-1-0
A2 Al A0
0 0 0 0-1-2-3-4-5-6-7 0-1-2-3-4-5-6-7
0 0 1 1-9-3-4-5-6-7-0 1-0-3-9-5-4-7-6
0 1 0 9-3-4-5-6-7-0-1 9-3-0-1-6-7-4-5
8 0o 1 1 3-4-5-6-7-0-1-2 3-9-1-0-7-6-5-4
1 0 0 4-5-6-7-0-1-2-3 4-5-6-7-0-1-2-3
10 1 5-6-7-0-1-9-3-4 5-4-7-6-1-0-3-2
1 1 0 6-7-0-1-92-3-4-5 6-7-4-5-2-3-0-1
111 7-0-1-9-3-4-5-6 7-6-5-4-3-9-1-0
Full n = A0-9/8/7 Cn,Cn+1,Cn+2
Page Cn+3,Cn+4.. Not Supported
W) (location 0-y) ...Cn-1,
...
NOTES:

*Should program
M11,M10=0,0
to ensure compatibility Burst Length
with future devices

M2 MI1MO M3=0 M3 =1
000 1 1
001 2 2
010 4 4
011 8 8
100 Reserved Reserved
101 Reserved Reserved
110 Reserved Reserved
11 Full Page Reserved

M3 Burst Type

0 Sequential

1 Interleaved
M6 M5 M4 CAS Latency
000 Reserved
001 Reserved
010 2
011 3
100 Reserved
101 Reserved
110 Reserved
111 Reserved

M8 M7 M6-MO Operating Mode
0 0 Defined Standard Operation
All other states reserved

M9

Write Burst Mode

Programmed Burst Length

Single Location Access

1. For full-page accesses: y = 512.

9. Fora burst length of two, A1-8 select the block-of-two burst; AO selects the
starting column within the block.

3. For a burst length of fou, A2-8 select the block-of-four burst; AO-1 select the
starting column within the block.

4. For a burst length of eight, A3-8 select the block-of-eight burst; AO-2 select
the starting column within the block.

5. Fora full-page burst, the full row is selected and AO-8 select the starting
column.

6. Whenever a boundary of the block is reached within a given sequence
above, the following access wraps within the block.

7. For a burst length of one, AO-8 select the unique column to be accessed, and
Modie Register bit M3 is ignored.
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Fic. 4 Cas LATENCY

TO

CLK L ‘ *

\
COMMAND % READ >@<

\ \
o X o XN

tz

R

T2 T3 T4

o) R
‘ ‘ tac
CAS Latency = 2
T0 m
CLK i \ i |

T Y

\
COMMAND % READ >@< NOP >@<

.

\
NOP

/0

CAS Latency =3

[/} boNT cARE

%R unpEeFINED

n+m. The I/Os will start driving as a result of the clock edge
one cycle earlier (n + m - 1), and provided that the rel-
evant access times are met, the data will be valid by clock
edge n + m. For example, assuming that the clock cycle
time is such that all relevant access times are met, if a READ
command is registered at TO and the latency is programmed
to two clocks, the I/Os will start driving after T1 and the
data will be valid by T2. Table 2 indicates the operating fre-
quencies at which each CAS latency setting can be used.

Reserved states should not be used as unknown operation
or incompatibility with future versions may result.

OPERATING MODE

The normal operating mode is selected by setting M7and M8
to zero; the other combinations of values for M7 and M8 are
reserved for future use and/or test modes. The programmed
burst length applies to both READ and WRITE bursts.

Test modes and reserved states should not be used be-
cause unknown operation or incompatibility with future
versions may result.

WRITE BURST MODE

When M9 = 0O, the burst length programmed via MO-M2
applies to both READ and WRITE bursts; when M9 = 1, the
programmed burst length applies to READ bursts, but write

accesses are single-location (nonburst) accesses.

COMMANDS

The Truth Table provides a quick reference of available com-
mands. This is followed by a written description of each
command. Three additional Truth Tables appear following
the Operation section; these tables provide current state/
next state information.

TaBLE 2 - Cas LATENCY

ALLOWABLE OPERATING
FREQUENCY (MHZ)
CAS CAS
SPEED LATENCY = 2 LATENCY = 3
-100 <75 <100
195 <100 <195
COMMAND INHIBIT

The COMMAND INHIBIT function prevents new commands
from being executed by the SDRAM, regardless of whether
the CLK signal is enabled. The SDRAM is effectively dese-
lected. Operations already in progress are not affected.

NO OPERATION (NOP)

The NO OPERATION (NOP) command is used to perform a
NOP to an SDRAM which is selected (CS is LOW). This pre-
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TaBLE 3 TRUTH TABLE - CommanDs AND DQM OperATION (NOTE 1)

NAME (FUNCTION) [« RAS | CAS | WE | DGM ADDR I/0s
COMMAND INHIBIT (NOP) H X X X X X X
NO OPERATION (NOP) L H H H X X X
ACTIVE (Select bank and activate row) ( 3) L L H H X Bank/Row X
READ (Select bank and column, and start READ burst) (4) L H L H LH® Bank/Col X
WRITE (Select bank and column, and start WRITE burst) (4) L H L L LH® Bank/Col Valid
BURST TERMINATE L H H L X X Active
PRECHARGE (Deactivate row in bank or banks) ( 5) L L H L X Code X
AUTO REFRESH or SELF REFRESH (Enter self refresh mode) (6, 7) L L L H X X X
LOAD MODE REGISTER (2) L L L L X Op-Code X
Write Enable/Output Enable (8) - - - L - Active
Write Inhibit/Output High-Z (8) - - - H - High-Z

NOTES:
1. CKE is HIGH for all commandis shown except SELF REFRESH.
2. AO-11 define the op-code written to the Modle Register.

3. A0-11 provide row address, and BAO, BAT dletermine which bank is madie active.
4. A0-8 provide column addiress; A10 HIGH enables the auto precharge feature (nonpersistent), while A10 LOW disables the auto precharge feature; BAO, BAT

determine which bank is being read from or written to.

5. AT0LOW: BAQ, BAT determine the bank being precharged. A10 HIGH: All banks precharged and BAO, BAT are “Don’t Care.”

6. This command is AUTO REFRESH if CKE is HIGH; SELF REFRESH if CKE is LOW.

7. Internal refresh counter controls row addressing; all inputs and I/Os are “Don’t Care” except for CKE.
8. Activates or deactivates the I/Os during WRITEs (zero-clock delay) and READs (two-clock delay).

vents unwanted commands from being registered during
idle or wait states. Operations already in progress are not
affected.

LOAD MODE REGISTER

The Mode Resister is loaded via inputs AO-11. See Mode
Register heading in the Register Definition section. The LOAD
MODE REGISTER command can only be issued when all
banks are idle, and a subsequent executable command
cannot be issued until tMRD is met.

ACTIVE

The ACTIVE command is used to open (or activate) a row in
a particular bank for a subsequent access. The value on the
BAO, BA1 inputs selects the bank, and the address pro-
vided on inputs AO-11 selects the row. This row remains
active (or open) for accesses until a PRECHARGE command
is issued to that bank. A PRECHARGE command must be
issued before opening a different row in the same bank.

READ

The READ command is used to initiate a burst read access
to an active row. The value on the BAO, BA1 inputs selects
the bank, and the address provided on inputs AO-8 selects
the starting column location. The value on input A10 deter-

mines whether or not AUTO PRECHARGE is used. If AUTO
PRECHARGE is selected, the row being accessed will be
precharged at the end of the READ burst; if AUTO
PRECHARGE is not selected, the row will remain open for
subsequent accesses. Read data appears on the I/Os sub-
ject to the logic level on the DQM inputs two clocks earlier.
If a given DQM signal was registered HIGH, the correspond-
ing 1/Os will be High-Z two clocks later; if the DQM signal
was registered LOW, the |/Os will provide valid data.

WRITE

The WRITE command is used to initiate a burst write access
to an active row. The value on the BAO, BA1 inputs selects
the bank, and the address provided on inputs AO-8 se-
lects the starting column location. The value on input A10
determines whether or not AUTO PRECHARGE is used. If
AUTO PRECHARGE is selected, the row being accessed will
be precharged at the end of the WRITE burst; if AUTO
PRECHARGE is not selected, the row will remain open for
subsequent accesses. Input data appearing on the 1/Os is
written to the memory array subject to the DQM input logic
level appearing coincident with the data. If a given DQM
signal is registered LOW, the corresponding data will be
written to memory; if the DQM signal is registered HIGH,
the corresponding data inputs will be ignored, and a WRITE
will not be executed to that byte/column location.
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White Electronic Designs Corporation * (602) 437-1520 ¢ www.whiteedc.com



WWHITE ELECTRONIC DESIGNS WEDPNF8M721V-XBX

PRECHARGE

The PRECHARGE command is used to deactivate the open
row in a particular bank or the open row in all banks. The
bank(s) will be available for a subsequent row access a
specified time (tRP) after the PRECHARGE command is is-
sued. Input A10 determines whether one or all banks are
to be precharged, and in the case where only one bank is
to be precharged, inputs BAO, BA1 select the bank. Other-
wise BAO, BA1 are treated as “Don’t Care.” Once a bank
has been precharged, it is in the idle state and must be
activated prior to any READ or WRITE commands being is-
sued to that bank.

AUTO PRECHARGE

AUTO PRECHARGE is a feature which performs the same
individual-bank PRECHARGE function described above,
without requiring an explicit command. This is accomplished
by using A10 to enable AUTO PRECHARGE in conjunction
with a specific READ or WRITE command. A precharge of
the bank/row that is addressed with the READ or WRITE com-
mand is automatically performed upon completion of the
READ or WRITE burst, except in the full-page burst mode,
where AUTO PRECHARGE does not apply. AUTO
PRECHARGE is nonpersistent in that it is either enabled or
disabled for each individual READ or WRITE command.

AUTO PRECHARGE ensures that the precharge is initiated at
the earliest valid stage within a burst. The user must not issue
another command to the same bank until the precharge time
(tRP) is completed. This is determined as if an explicit
PRECHARGE command was issued at the earliest possible time.

BURST TERMINATE

The BURST TERMINATE command is used to truncate either
fixed-length or full-page bursts. The most recently registered
READ or WRITE command prior to the BURST TERMINATE
command will be truncated.

AUTO REFRESH

AUTO REFRESH is used during normal operation of the SDRAM
and is analagous to CAS-BEFORE-RAS (CBR) REFRESH in con-
ventional DRAMs. This command is nonpersistent, so it must
be issued each time a refresh is required.

The addressing is generated by the internal refresh control-
ler. This makes the address bits “Don’t Care” during an AUTO
REFRESH command. Each 128Mb SDRAM requires 4,096
AUTO REFRESH cycles every refresh period (tREF). Provid-
ing a distributed AUTO REFRESH command will meet the

refresh requirement and ensure that each row is refreshed.
Alternatively, 4,096 AUTO REFRESH commands can be is-
sued in a burst at the minimum cycle rate (tRC), once every
refresh period (tREF).

SELF REFRESH*

The SELF REFRESH command can be used to retain data in
the SDRAM, even if the rest of the system is powered down.
When in the self refresh mode, the SDRAM retains data with-
out external clocking. The SELF REFRESH command is initi-
ated like an AUTO REFRESH command except CKE is dis-
abled (LOW). Once the SELF REFRESH command is regis-
tered, all the inputs to the SDRAM become “Don’t Care,”
with the exception of CKE, which must remain LOW.

Once self refresh mode is engaged, the SDRAM provides
its own internal clocking, causing it to perform its own AUTO
REFRESH cycles. The SDRAM must remain in self refresh
mode for a minimum period equal to tRAS and may remain
in self refresh mode for an indefinite period beyond that.

The procedure for exiting self refresh requires a sequence
of commands. First, CLK must be stable (stable clock is
defined as a signal cycling within timing constraints speci-
fied for the clock pin) prior to CKE going back HIGH. Once
CKE is HIGH, the SDRAM must have NOP commands is-
sued (a minimum of two clocks) for tXSR, because time is
required for the completion of any internal refresh in
progress.

Upon exiting the self refresh mode, AUTO REFRESH com-
mands must be issued as both SELF REFRESH and AUTO
REFRESH utilize the row refresh counter.

*Self refresh available in commercial and industrial temperatures only.

FLASH DESCRIPTION

The 8Mbit 3.3 volt-only Flash memory is organized as
1,048,576 bytes. The byte-wide (x8) data appears on FDO-
7; the word-wide (x16) data appears on FDO-15. This de-
vice requires only a single 3.3 volt Vcc supply to perform
read, program, and erase operations. A standard EPROM
programmer can also be used to program and erase the
device.

This device features unlock bypass programming and in-
system sector protection/unprotection.

This device offers access times of 100, 120 and 150ns, al-
lowing operation without wait states. To eliminate bus con-
tention the device has separate chip select (FCS), wite en-
able (FWE) and output enable (FOE) controls.

The device requires only a single 3.3 volt power supply for
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SDRAM ELEcTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CHARACTERISTICS
(Notes 1, 2, 3,4, 5)

Parameter Symbol -100 -1925 Unit
Min Max Min Max

Access time from CLK (pos. edge) = the ! 6 i
CL= tac 7 6 ns

Address holdtime taH 1 1 ns
Address setuptime tas 2 2 s
CLKhigh-level width tcH 3 3 s
CLK low-level width e 3 3 s
Clock cycle time (6) =3 st 10 8 i
CL= e 13 10 s

CKEholdtime tckH 1 1 s
CKE setup time taxs 2 2 s
CS,RAS, CAS, WE, DQM hold time towd 1 1 s
CS, RAS, CAS, WE, DOM setup time toms 9 9 s
Data-inhold time toH 1 1 ns
Data-insetup time s 2 2 rs
Data-out high-impedance time =3 L ! 6 i
CL=2() tHz 7 6 ns

Data-outlow-impedance time tiz 1 1 s
Data-out hold time (load) toH 3 3 s
Data-out hold time (noload) (8) toHy 18 18 ns
ACTIVE to PRECHARGE command tRAS 50 120,000 45 120,000 ns
ACTIVE to ACTIVE command period trC 70 68 s
ACTIVE to READ or WRITE delay tReD 20 20 s
Refresh period (4,096 rows) —Commercial, Industrial tREF 64 64 ms
Refresh period (4,096 rows) —Military tREF 16 16 ms
AUTO REFRESH period tRFC 70 70 s
PRECHARGE command period tre 20 20 s
ACTIVE bank Ato ACTIVE bank Bcommand tRRD 15 16 ns
Transitiontime (9) u 0.3 1.2 0.3 1.2 s
WRITE recovery time (10) . 1CLK+ 7ns 1CLK+ 7ns —
an 15 15 s

Exit SELFREFRESH to ACTIVE command txsR 80 78 ns

NOTES:

1. The minimum specifications are used only to indicate cycle time at which
proper operation over the full temperature range is ensured.

2. Aninitial pause of 100ms is required after power-up, followed by two AUTO
REFRESH commandis, before proper device operation is ensured. (VCC must be
powered up simultaneously.) The two AUTO REFRESH command wake-ups
should be repeated any time the tREF refresh requirement is exceeded.

3. In addlition to meeting the transition rate specification, the clock and CKE must
transit between VIH and VIL (or between VIL and VIH) in @ monotonic manner.

4. Qutputs measured at 1.5V with equivalent load:

Tl

!

50pF

5. ACtiming and ICC tests have VIL = OV and VIH = 3V, with timing referenced to
1.5V crossover point.

6. The clock frequency must remain constant (stable clock is defined as a signal
cycling within timing constraints specified for the clock pin) during access or
precharge states (READ, WRITE, includling tWR, and PRECHARGE commands). CKE
may be used to reduce the data rate.

7. tHZ defines the time at which the output achieves the open circuit condiition;
it is not a reference to VOH or VOL. The last valid data element will meet tOH
before going High-Z.

8. Guaranteed by design, but not tested.

9. AC characteristics assume tT = 1ns.

10. Auto precharge mode only. The precharge timing budget (tRP) begins 7.5ns/
7ns after the first clock delay, after the last WRITE is executed.

11. Precharge mode only.
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SDRAM AC FuncTioNAL CHARAcTERIsTICS (NOTES 1,2,3,4,5,6)

Parameter/Condition Symbol -100 -125 Units
READ/WRITE command to READ/WRITE command (10) tcco 1 1 taK
CKE to clock disable or power-down entry mode (7) tckeD 1 1 tek
CKE to clock enable or power-down exit setup mode (7) tpED 1 1 tek
DQMtoinput data delay (10) toap 0 0 ek
DQMto data mask during WRITEs tbam 0 0 tek
DQM to data high-impedance during READs toaz Q2 Q2 tek
WRITE command to input data delay (10) towp 0 0 tek
Data-into ACTIVE command (8) tDAL 4 5 taK
Data-in to PRECHARGE command (9) topL Q2 Q2 tek
Last data-in to burst STOP command (10) tBDL 1 1 taK
Last data-in to new READ/WRITE command (10) tcoL 1 1 taK
Last data-in to PRECHARGE command (9) tROL Q2 Q2 tek
LOAD MODE REGISTER command to ACTIVE or REFRESH command (11) tMRD 2 2 taK
Data-out to high-impedance from PRECHARGE command (10) =3 Ror 3 3 L=
=2 tROH 2 tek

NOTES:

1. The minimum specifications are used only to indlicate cycle time at which
proper operation over the full temperature range is ensured.

2. An initial pause of 100ms is required after power-up, followed by two AUTO
REFRESH commandss, before proper device operation is ensured. (VCC must be
powered up simultaneously.) The two AUTO REFRESH command wake-ups
should be repeated any time the tREF refresh requirement is exceeded.

3. AC characteristics assume tT = 1ns.

4. In addiition to meeting the transition rate specification, the clock and CKE must
transit between VIH and VIL (or between VIL and VIH) in @ monotonic manner.

5. Outputs measured at 1.5V with equivalent load:

1

!

50pF

6. AC timing and ICC tests have VIL = OV and VIH = 3V, with timing referenced to
1.5V crossover point.

7. Timing actually specified by tCKS; clock(s) specified as a reference only at
minimum cycle rate.

8. Timing actually specified by tWR plus tRP: clock(s) specified as a reference
only at minimum cycle rate.

9. Timing actually specified by tWR.

10. Required clocks are specified by JEDEC functionality and are not dependent
on any timing parameter.

11. JEDEC and PC100 specify three clocks.
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both read and write functions. Internally generated and regu-
lated voltages are provided for the program and erase op-
erations.

The device is entirely command set compatible with the
JEDEC Single-Power-Supply Flash Standard. Commands are
written to the command register using standard micropro-
cessor write timings. Register contents serve as input to an
internal state-machine that controls the erase and program
circuitry. Write cycles also internally latch addresses and data
needed for the programming circuitry. Write cycles also in-
ternally latch addresses abbd data needed for the program-
ming and erase operations. Reading data out of the device
is similar to reading from other Flash or EPROM devices.

Device programming occurs by executing the program com-
mand sequence. This initiates the Embedded Program al-
gorithm — an internal algorithm that automatically times the
program pulse widths and verifies proper cell margin. The
Unlock Bypass mode faciclitates faster programming times
by requiring only two write cycles to program data instead
of four.

Device erasure occurs by executing the erase command
sequence. This initiates the Embedded Erase algorithm —
an internal algorithm that automaticaally preprograms the
array (if it is not already programmed) before executing the
erase operation. During erase, the device automatically times
the erase pulse widths and verifies proper cell marsin.

The host system can detect whether as program or erase
operation is complete by observing the RY/BY1 pin, or by
reading FD7 (Data Polling) and FD6 (toggle) status bits. After
a program or erase cycle has been completed, the device
is ready to read array data or accept another command.

The Sector Erase Architecture allows memory sectors to
be erased and reprogrammed without affecting the data
contents of other sectords. The device is fully erased when
shipped from the factory.

Hardware Data Protection measures include a low Vcc de-
tector that automatically inhibits write operations during
power transitions. The Hardware Sector Protection feature
disables bith program and erase operations in any combi-
nation of sectors of memory. This can be achieved in-sys-
tem or via programming equipment.

The Hardware Sector Protection feature disables both pro-
gram and erase operations in any combination of sectors
of memory. This can be achieved in-system or via program-
ming equipment.

The Erase Suspend feature enables the user to put erase
on hold for any period of time to read data from, or proThe

gram data to, any sector that is not selected for erasure.
True background erase can thus be achieved.

The Hardware Rest (RST) pin terminates any operation in
progress and resets the internal state machine to reading
array data. The RST pin may be tied to the reset circuitry. A
system reset would thus also reset the device, enabling the
system microprocessor to read the boot-up firmware from
Flash memory.

The device offers two power saving features. When ad-
dresses have been stable for specified amount of time, the
device enters the automatic sleep mode. The system can
also place the device into the standby mode. Power con-
sumption is greatly reduced in both these modes

DEVICE BUS OPERATIONS

This section describes the requirements and use of the
device bus operations, which are initiated through the in-
ternal command register. The command register itself does
not occupy any addressable memory location. The register
is composed of latches that store the commands, along
with the address and data information needed to execute
the command. The contents of the register serve as inputs
to the internal state machine. The state machine outputs
dictate the function of the device. Table 4 lists the device
bus operations, the inputs and control levels required, and
the resulting output. The following subsections describe
each of these operations in further detail.

WORD/BYTE CONFIGURATION

The BYTET pin controls whether the device data I/O pins
FDO-15 operate in the byte or word configuration. If the
BYTE1 pin is set at logic “1’, the device is in word configu-
ration, FDO-15 are active and controlled by FCS and FOE.

If the BYTET pin is set at logic ‘0’, the device is in byte con-
figuration, and only data I/O pins FDO-7 are active and con-
trolled by FCS and FOE. The data I/O pins FD8-14 are tri
stated, and the FD15 pin is used as an input for the LSB (FA-
1) address function.

REQUIREMENTS FOR READING
ARRAY DATA

To read array data from the outputs, the system must drive
the FCS and FOE pins to VIL. FCS is the power control and
selects the device. FOE is the output control and gates ar-
ray data to the output pins. FWE should remain at VIH. The
BYTE1 pin determines whether the device outputs array data
in words or bytes.
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TaBLE 4 - DEvice Bus OPERATIONS

FDs-15
Operation FCS FOE FWE RST | Addresses (2) FDo-7 BYTE1 BYTE1
= Viu =Vi
Read L L H H FAIN FDout FDout FDs-14 = High Z
Write L H L H FAIN FDout FDoutr FD1s = FA-1
Standoy Vce +0.3V X X Vce = 0.3V X HighZ HighZ HighZ
QOutputDisable L H H H X HighZ HighZ HighZ
Reset X X X L X HighZ HighZ HighZ
Sector Address,
Sector Protect (1) L H L Vip FA6 =L, FA1 =H, FDN X X
FAo =L
Sector Address,
SectorUnprotect (1) L H L Vip FA6 =H,FA1 =H, FDN X X
FAo =L
Temporary Sector Unprotect X X X Vb AN DN FDIN HighZ
LEGEND:
= Llogic Llow = VIL X =Don't Care FDOUT = Hash Data Out

H = Logic High = VIH
VID = 12.0 + 0.5V
NOTES:

FAIN = Flash Address In
FDIN = Flash Data In

1. The sector protect and sector unprotect functions may also be implemented via programming equipment. See the "Sector Protection/Unprotection” section.
2. Addresses are FA18: FAQ in word mode (BYTET = VIH), FA18: FA-1 in byte mode (BYTET = Vi)

The internal state machine is set for reading array data upon
device power-up, or after a hardware reset. This ensures
that not spurious alteration of the memory content occurs
during the power transition. No command is necessary in
this mode to obtain array data. Standard microprocessor
read cycles that assert valid addresses on the device data
outputs. The device remains enabled for read access until
the command register contents are altered.

See “Reading Array Data” for more information. Refer to the
Flash AC Read-only Operations table for timing specifica-
tions and to Figure 11 for the timing diagram. IFCC1 in the
|CC Specifications and Condiitions table represents the ac-
tive current specification for reading array data.

WRITE COMMANDS/COMMAND
SEQUENCES

To writes @ command or command sequence (which in-
cludes programming data to the device and erasing sec-
tors of memory), the system must drive FWE and FCS to VIL,
and FOE to VIH.

For program operations, the BYTE1 pin determines whether
the device accepts program data in bytes or words. Refer
to “Word/Byte Configuration” for more information.

The device features an Unlock Bypass mode to facilitate
faster programming. Once the device enters the Unlock

Bypass mode, only two write cycles are required to pro-
gram a byte, instead of four.

An erase operation can erase one sector, multiple sectors,
or the entire device. Table 5 indicates the address space
that each sector occupies. A “sector address” consists of
the address bits required to uniquely select a sector. The
“Flash Command Definitions” section has details on erasing
a sector or the entire chip, or suspending/resuming the erase
operation.

After the system writes the autoselect command sequence,
the device enters the autoselect mode. The system can then
read autoselect codes from the internal register (which is
separate from the memory array) on FD7-0. Standard read
cycle timings apply in this mode. Refer to the "Autoselect
Mode" and "Autoselect Command Sequence" sections for
more information.

IFCC2 in the DC Characteristics table represents the active
current specifications for the write mode. The “Flash AC

Characteristics” section contains timing specification tables
and timing diagrams for write operations.

PROGRAM AND ERASE OPERATION
STATUS

During an erase or program operation, the system may check
the status of the operation by reading the status bits on FD7-
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0. Standard read cycle timings and IFCC read specifications
apply. Refer to “Write Operation Status” for more informa-
tion, and to “Flash AC Characteristics” for timing diagrams.

STANDBY MODE

When the system is not reading or writing to the device, it
can place the device in standby mode. In this mode, cur-
rent consumption is greatly reduced, and the outputs are
placed in the high impedance state, independent of the
FOE input.

The device enters the CMOS standoy mode when the FCS
and RST pins are both held at Vcc +0.3V. (Note that this is
amore restricted voltage range than VIH.) If FCS and RST are
held at VIH, but not within Vcc to +0.3V the device will
be in the standby mode, but the standby current will be
greater. The device requires standard access time (tce) for
read access when the device is in either of these standoy
modes, before it is ready to read data.

If the device is deselected during erasure or programming,
the device draws active current until the operation is com-
pleted.

In the Flash DC Characteristics table, IFCC3 and IFCC4 repre-
sent the standby current specifications.

AUTOMATIC SLEEP MODE

The automatic sleep mode minimizes Flash device energy
consumption. The device automatically enables this mode
when addresses remain stable for t acc + 30 ns. The auto-
matic sleep mode is independent of the FCS, FWE, and FOE
control signals. Standard address access timings provide
new data when addresses are changed. While in sleep
mode, output data is latched and always available to the
system. Ifcc5 in the DC Characteristics table represents the
automatic sleep mode current specification.

RST: HARDWARE RESET PIN

The RST pin provides a hardware method of resetting the
device to reading array data. When the RST pin is driven
low for at least a period of tRP or greater the device imme-
diately terminates any operation in progress, tristates all
output pins, and ignores all read/write commands for the
duration of the RST pulse. The device also resets the inter-
nal state machine to reading array data. The operation that
was interrupted should be reinitiated once the device is
ready to accept another command sequence, to ensure
data integrity.

Current is reduced for the duration of the RST pulse. When

TaBLE 5 - BorTrom BooT BLock SEcTOR ADDRESS TABLE

Sector Size (x8) Address Range
Sector A18 A17 A16 A15 Al4 A13 A12 (Koytes) (In hexidecimal)
SA0 0 0 0 0 0 0 X 16 00000h-03FFFh
SA1 0 0 0 0 0 1 0 8 04000h-05FFFh
SA2 0 0 0 0 0 1 1 8 06000h-07FFFh
SA3 0 0 0 0 1 X X 32 08000h-OFFFFh
SA4 0 0 0 1 X X X 64 10000h-1FFFFh
SAS 0 0 1 0 X X X 64 20000h-2FFFFh
SA6 0 0 1 1 X X X 64 30000h-3FFFFh
SAT7 0 1 0 0 X X X 64 40000h-4FFFFh
SA8 0 1 0 1 X X X 64 50000h-5FFFFh
SA9 0 1 1 0 X X X 64 60000h-6FFFFh
SA10 0 1 1 1 X X X 64 70000h-7FFFFh
SA11 1 0 0 0 X X X 64 80000h-8FFFFh
SA12 1 0 0 1 X X X 64 90000h-9FFFFh
SA13 1 0 1 0 X X X 64 AOOOOh-AFFFFh
SA14 1 0 1 1 X X X 64 BOOOON-BFFFFh
SA15 1 1 0 0 X X X 64 CO000h-CFFFFh
SA16 1 1 0 1 X X X 64 DOOOOh-DFFFFh
SA17 1 1 1 0 X X X 64 EOOOON-EFFFFh
SA18 1 1 1 1 X X X 64 FOOOOh-FFFFFh
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RST is held at Vss = 0.3V, the device draws CMOS standby
current (IFCC4). If RST is held at VIL but not within Vss =
0.3V, the standoy current will be greater.

The RST pin may be tied to the system reset circuitry. A
system reset would thus also reset the Flash memory, en-
abling the system to read the boot-up firmware from the
Flash memory.

@is asserted during a program or erase operation, RY/
BY1 pin remains “0” (busy) until the internal reset operation is
complete, which requires a time of tREADY (during Embed-
ded Algorithms). The system can thus monitor RY/BY1 to
determine whether the reset operationis complete. IfRST is
asserted when a program or erase operation is not execut-
ing (RY/BYT pinis “1”), the reset operation is completed within
a time of tREADY (not during Embedded Algorithms). The
system can read data tRH after the RST pin returns to VIH.

Refal) the Flash AC Characteristics and hardware reset tables
for RST parameters and to Figure 19 for the timing diagram.

AUTOSELECT MODE

The autoselect mode provides sector protection verifica-
tion, throush identifier codes input codes output on FD7-
0. This mode is primarily intended for programming equip-
ment to automatically match a device to be programmed
with its corresponding programming algorithm. However,
the autoselect codes can also be accessed in-system
through the command register.

When using programming equipment, the autoselect mode
requires VID (11.5V to 12.5V) on address in FA9. Address
pins FA6, FA1, and FAO must be as shown in Table 6. In
addition, when verifying sector protection, the sector ad-
dress must appear on the appropriate highest order ad-
dress bits (see Table 5). Table 6 shows the remaining ad-
dress bits that are “don't care.” When all necessary bits have
been set as required, the programming equipment may then
read the corresponding identifier code on FD7-0.

To access the autoselect codes in-system, the host system
can issue the autoselect command via the command regis-
ter, as shown in Table 7. This method does not require VID.
See “Command Definitions” for details on using the
autoselect mode.

SECTOR PROTECTION/
UNPROTECTION

The hardware sector protection feature disables both pro-
gram and erase operations in any sector. The hardware sec-
tor unprotection feature re-enables both program and erase
operations in previously protected sectors.

The device is shipped with all sectors unprotected.

Itis possible to determine whether a sector is protected or
unprotected. See ‘Autoselect Mode” for details.

This operation requires VID on the RST pin only, and can be
implemented either in-system or via programming equip-
ment. Figure 5 shows the algorithms and the timing diagram
is shown in figure 18. This method uses standard micro-
processor bus cycle timing. For sector unprotect, all un-
protected sectors must first be protected prior to the first
sector unprotect write cycle.

TEMPORARY SECTOR UNPROTECT

This feature allows temporary unprotection of previously
protected sector groups to change data-in system. The Sec-
tor Unprotect mode is activated by setting the RST pin to
VID. During this mode, formerly protected sector can be
programmed or erased by selecting the sector addresses.
Once VID is removed from the RST pin, all the previously
protected sector groups will be protected again. Figure 16
shows the algorithm and the timing diagram is shown in
Figure 17, for this feature.

HARDWARE DATA PROTECTION

The command sequence requirement of unlock cycles for
programming or erasing provides data protection against
inadvertent writes (refer to Table 7 for command definitions).
In addition, the following hardware data protection mea-
sures prevent accidental erasure or programming, which
might otherwise be caused by spurious system level sig-
nals during Vcc power-up and power-down transitions, or
from system noise.

Low Vcc WRITE INHIBIT

When Vcc is less than VLKO, the device does not accept any
write cycles. Ths protects data during Vcc power-up and

TaBLE 6 - AutoseLecT CopEes (HigH VoLTAGe METHOD)

Description FCS | FOE | FWE | FA18-12| FA11-10| FA9 | FA8-7 | FA6 | FAs-2 FA1 FAO FD7-0
01h
i tected
SectorProfection L L H A X Vo X L X H L (protectech
Verificaton 00h
(unprotected)

L = Logic Low = VIL, H = Logic High = VIH, SA = Sector Address, X = Don't Care
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Fic. 5 SecTorR PROTECT/UNPROTECT ALGORITHMS

PLSCNT =1

Temporary Sector
Unprotect Mode

First Write
Cycle = 60h
?

Set up sector
address
[
Sector Protect:
Write 60h to

4

sector address
with FAe = 0,
FA1=1,FAo=0

Verify Sector
Protect: Write

A,

Reset
40h to sector
address with PLSCNT =1
Increment FA6 =0, FA1 =1,
PLSCNT FAo=0
|
Read from
sector address
with FA6 = 0,
FA1=1,FAo=0,
No
PLSCNT Data = 01h
=257
Yes

Device failed

Protect another

Remove ViD
from RST
[
Write reset
command
[
Sector Protect
complete

SECTOR PROTECT ALGORITHM

Protect all sectors:
The indicated portion
of the sector protect
algorithm must be
performed for all
unprotected sectors
prior to issuing the
first sector unprotect
address

PLSCNT =1

First Write
Cycle = 60h
?

Temporary Sector
Unprotect Mode

All sectors
protected?

Set up first
sector address
Sector Protect:

Write 60h to

Increment
PLSCNT

PLSCNT
= 10007

»| sector address
with FAe = 1,
FA1=1,FA0=0

Verify Sector
Protect: Write
40h to sector 4———
address with

FA6=1,FA1=1,
FAo‘ =0
Read from
sector address
with FA6 = 1,
FA1=1,FAo=0 Set up
next sector

address

Data = 00h 4
?

Last sector
verified?

No
Remove ViD
from RST
Write reset
command
Sector Unprotect
complete

SEcTOR UNPROTECT ALGORITHM
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power-down. The command register and all interal program/
erase circuits are disabled, and the device resets. Subsequent
writes are ignored until Vcc is greater than VLKO. The system
must provide the proper signals to the control pins to prevent
unintentional writes when Vcc is greater than VLKO.

WRITE PuLse “GLITCH” PROTECTION

Noise pulses of less than 5ns (typical) on FOE, FCS, or FWE
do not initiate a write cycle.

LogcicaL INHIBIT

Write cycles are inhibited by holding any one of FOE = VIL,
FCS = VIH or FWE = VIH. To initiate a write cycle, FCS and
FWE must be a logical zero while FOE is a logical one.

Power-Up WRITE INHIBIT

If FWE = FCS = VIL and FOE = VIH during power up, the
device does not accept commands on the rising edge of
FWE. The internal state machine is automatically reset to read-
ing array data on power-up.

FLASH COMMAND DEFINITIONS

Writing specific address and data commands or sequences
into the command register initiates device operations. Table
7 defines the valid register command sequences. Writing
incorrect address and data values or writing them in
improper sequence will reset the device to the read
array data.

All addresses are latched on falling edge of FWE or ?S,
whichever occurs later. All data is latched on the rising edge
of FWE or FCS, whichever occurs first. Refer to the appropri-
ate timing diagrams in the “Flash AC Characteristics” section.

READ ARRAY DATA

Upon initial device power-up the device defaults to read
array data. No commands are required to retrieve data. The
device is also ready to read array data after it has completed
an Embedded Program or Embedded Erase algorithm.

After the device accepts an Erase Suspend command, the
device enters the Erase Suspend mode. The system can
read array data using the standard read timings, except that
if it reads at an address within erase-suspend sectors, the
device outputs status data. After completing a program-
ming operation in the Erase Suspend mode, the system may
once again read array data with the same exception. See
“Erase Suspend/Erase Resume Commands” for more infor-
mation on this mode.

The system must issue the reset command to re-enable the

device for reading array data if FD5 goes high, or while in the
autoselect mode. See the “Reset Command” section, next.

See also “Requirements for Reading Array Data” on the “Bus
Operations” section for more information. The Data Sheet
Read Operations table provides the read parameters, and the
Read Operations Timing Diagram shows the timing diagram.

RESET COMMAND

Writing the reset command to the device resets the device
to reading array data. Address bits are “don't care” for this
command.

The reset command may be written between the sequence
cycles in an erase command sequence before erasing be-
gins. This resets the device to reading array data. Once era-
sure begins, however, the device ignores reset commands
until the operation is complete.

The reset command may be written between the sequence
cycles in a program command sequence before program-
ming begins. This resets the device to reading array data
(also applies to programming in Erase Suspend mode).
Once programming begins, however, the device ignores
reset commands until the operation is complete.

The reset command may be written between the sequence
cycles in an autoselect command seguence. Once in
autoselect mode, the reset command must be written to
return to reading array data (also applies to autoselect dur-
ing Erase Suspend mode).

If FD5 goes high during a program or erase operation, writ-
ing the reset command returns the device to reading array
data (also applies during Erase Suspend).

UNLock Bypass COMMAND SEQUENCE

The unlock bypass feature allows the system to program
bytes or words to the device faster than using the standard
program command sequence. The unlock bypass com-
mand sequence is initiated by first writing two unlock cycles.
This is followed by a third write cycle containing the unlock
bypass command, 20h. The device then enters the unlock
bypass mode. A two-cycle unlock bypass program com-
mand sequence is all that is required to program in this
mode. The first cycle in this sequence contains the unlock
bypass program command, AOh; the second cycle con-
tains the program address and data. Additional data is pro-
grammed in the same manner. This mode dispenses with
the initial two unlock cycles required in the standard pro-
gram command sequence, resulting in fast total program-
ming time. Table 7 shows the requirements for the com-
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Fic. 6 PrRoGrRAM OPERATION

Start

|

> Write Program
Command Sequence

{

Program

Embedded Data Poll from System

Algorithm
in progress

Increment
Address

Verify Data?

No

Programming Completed

NOTE: See Table 7 for program command sequence.

mand sequence.

During the unlock bypass mode, only the Unlock Bypass
Program and Unlock Bypass Reset commands are valid. To
exit the unlock bypass mode, the system must issue the
two-cycle unlock bypass reset command sequence. The
first cycle must contain the data 90h; the second cycle the
data 00h. Addresses are “don't care” for both cycles. The
device then returns to reading array data.

Figure 6 illustrates the algorithm for the program operation.
See the Erase/Program Operations table in the “Flash AC
Characteristics” for parameters, and to Figure 12 for timing
diagrams.

AuTtoseLEcT COMMAND SEQUENCE

The autoselect command sequence allows the host system
to determine whether or not a sector is protected. Table 7
shows the address and data requirements. This method is
an alternative to that shown in Table 6, which is intended for
PROM programmers and requires Vip on address bit FA9.

The autoselect command sequence is initiated by writing
two unlock cycles, followed by the autoselect command.
The device then enters the autoselect mode, and the sys-
tem may read at any address any number of times, without
initiating another command sequence.

Aread cycle containing a sector address (SA) and the ad-
dress 02h in word mode (or 04h in byte mode) returns
02h in that sector is protected, or O0h if it is unprotected.
Refer to Table 5 for valid sector addresses.

The system must write the reset command to exit autoselect
mode and return to reading array data.

Worbp/BYTE PROGRAM COMMAND SEQUENCE

The system may program the device by word or byte, de-
pending on the state of the BYTE1 pin. Programming is a
four-bus-cycle operation. The program command se-
guence is initiated by writing two unlock write cycles, fol-
lowed by the program set-up command. The program ad-
dress and data are written next, which in turn initiate the
Embedded Program algorithm. The system is not required
to provide further controls or timing. The device automati-
cally provides internally generated program pulses and veri-
fies the programmed cell margin. Table 7 shows the ad-
dress and data requirements for the byte program com-
mand sequence.

When the Embedded program algorithm is complete, the
device then returns to reading array data and addresses are
no longer latched. The system can determine the status of
the program operation by using FD7, FD6, or RY/BY1. See
“Write Operation Status” for information on these status bits.
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Fic. 7 ERAse OPERATION

Start

|

Write Erase
Command Sequence

l

» Data Poll from System Embedded
Erase
Algorithm
in progress

Yes

Erasure Completed

1. See Table 5 for erase command sequence.
9. See "fD3 : Sector Erase Timer" for more information.

Any commands written to the device during the Embed-
ded Program Algorithm are ignored. Note that a hardware
reset immediately terminates the programming operation.
The program command sequences should be reinitiated
once the device has reset to reading array data, to ensure
date integrity.

Programming is allowed in any sequence and across sector
boundaries. A bit cannot be programmed from a “0”
back to a “1”. Attempting to do so may halt the operation
and set FD5 to “1”, or cause the Data Polling algorithm to
indicate the operation was successful. However, a succeed-
ing read will show that the data is still “0”. Only erase op-
erations can converta “0” toa “1”.

CHIP ERASE COMMAND SEQUENCE

Chip erase is six bus cycle operation. The chip erase com-
mand sequence is initiated by writing two unlock cycles,
followed by a setup command. Two additional unlock write
cycles are then followed by the chip erase command, which
in turn invokes the Embedded Erase algorithm. The device
does notrequire the system to preprogram prior to erase.
The Embedded Erase algorithm automatically programs and
verifies the entire memory for an all zero data pattern prior
to electrical erase. The system is not required to provide
any controls or timings during these operations. Table 7
shows the address and data requirements for the chip erase
command sequence.

Any commands written to the chip during the Embedded
Erase algorithm are ignored. Note that a hardware reset
during the chip erase operation immediately terminates the
operation. The Chip Erase command sequence should be
re-initiated once the device has returned to reading array
data, to ensure data integrity.

The system can determine the status of the erase operation
by using FD7, FD6, or FD2, or RY/BY1. See “Write Operation
Status” for information on these status bits. When the Em-
bedded Erase algorithm is complete, the device returns to
reading array data and addresses are no longer latched.

Figure 7 illustrates the algorithm for the erase operation. See
the Erase/Program Operations tables in “Flash AC Character-
istics” for parameters, and to Figure 13 for timings diagram.

SECTOR ERASE COMMAND
SEQUENCE

Sector erase is six bus cycle operation. The sector erase
command sequence is initiated by writing two unlock
cycles, followed by a setup command. Two additional un-
lock write cycles are then followed by the address of the
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sector to be erased, and the sector erase command, which
in turn invokes the Embedded Erase algorithm. Table 7
shows the address and data requirements for the sector
erase command sequence.

The device does notrequire the system to preprogram the
memory prior to erase. The Embedded Erase algorithm au-
tomatically programs and verifies the entire memory for an
all zero data pattern prior to electrical erase. The system is
not required to provide any controls or timings during these
operations.After the command sequence is written, a sec-
tor erase time-out of 50us begins. During the time-out pe-
riod, additional sector addresses and sector erase com-
mands may be written. Loading the sector erase buffer may
be done in any sequence, and the number of sectors may
be from one sector to all sectors. The time between these
additional cycles must be less than 50us, otherwise the last
address and command might not be accepted, and era-
sure may begin. It is recommended that processor inter-
rupts can be re-enabled after the last Sector Erase com-
mand is written. If the time between additional sector erase
commands can be assumed to be less than 50us, the sys-
tem need not monitor FD3. Any command other than the
Sector Erase or Erase Suspend during the time-out
period resets the device to reading array data. The
system must rewrite the command sequence and any ad-
ditional sector addresses and commands.

The system can monitor FD3 to determine if the sector erase
timer has timed out. See the “FD3: Sector Erase Timer” sec-
tion. The time-out begins from the rising edge of the final
FWE pulse in command sequence.

Once the sector erase operation has begun, only the Erase
Suspend command is valid. All other command is valid. All
other commands are ignored. Note that a hardware reset
during the sector erase operation. The Sector Erase com-
mand sequence should be reinitiated once the device has
returned to reading array data, to ensure data integrity.

When the Embedded Erase algorithm is complete, the de-
vice returns to reading array data and addresses are no
longer latched. The system can determine the status of the
erase operation by using FD7, FD6, or FDQ, or RY/BY1. See
“Write Operation Status” for information on these status bits.

Figure 7 illustrates the algorithm for the erase operation. See
the Erase/Program Operations tables in the “Flash AC Charac-
teristics” for parameters, and to Figure 13 for timings diagram.

ERASE SUSPEND/ERASE RESUME
COMMAND SEQUENCE

The Erase Suspend command allows the system to interrupt
a sector erase operation and then read data from, or pro-
gram data to, any sector not selected for erasure. This com-
mand is valid only during the sector erase operation, includ-
ing the 50us time-out period during the sector erase com-
mand sequence. The Erase Suspend command is ignored if
written during the chip erase operation or Embedded Pro-
gram algorithm. Writing the Erase Suspend command during
the Sector Erase time-out immediately terminates the time-
out period and suspends the erase operation. Addresses
are “don't cares” when writing the Erase Suspend command.

When the Erase Suspend command is written during a sec-
tor erase operation, the device requires a maximum of 20us
to suspend the erase operation. However, when the Erase
Suspend command is written during the sector erase time-
out, the device immediately terminates the time-out period
and suspends the erase operation.

After the erase operation has been suspended, the system
can read array data from or program data to any sector not
selected for erasure. (The device “erase suspends” all sec-
tors selected for erasure.) Normal read and write timings
and command definitions apply. Reading at any address
within erase-suspended sectors produces status data on
FD7-0. The system can use FD7, or FD6, and FD2 tosgether,
to determine if a sector is actively erasing or is erase sus-
pended. See "Write Operation Status" for information on
these status bits.

After an erase-suspended program operation is complete,
the system can once again read array data within non-sus-
pended sectors. The system can determine the status of
the program operation using the FD7 or FD6 status bits, just
as in the standard program operation. See the “Write Op-
eration Status” for more information.

The system may also write the autoselect command se-
quence when the device is in the Erase Suspend mode.
The device allows reading autoselect codes even at ad-
dresses within erasing sectors, since the codes are not
stored in the memory array. When the device exits the
autoselect mode, the device reverts to the Erase Suspend
mode, and is ready for another valid operation.

The system must write the Erase Resume command (address
bits are “don't care”) to exit the erase suspend mode and
continue the sector erase operation. Further writes of the
Resume command are ignored. Another Erase Suspend com-
mand can be written after the device has resumed erasing.
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TaBLE 7 - CommAND DEFINITIONS

Bus Cycles (Notes 2, 3, 4, 13)
Command Bus
Sequence Write First Bus Second Bus Third Bus Fourth Bus Fifth Bus Sixth Bus
(Note 1) Cycles Cycle Cycle Cycle Cycle Cycle Cycle
Reqg'd
Addr | Data | Addr | Data | Addr | Data Addr Data | Addr | Data Addr | Data
Read (Note 5) 1 RA RD
Reset (Note 6) 1 XXX FO
Device D,
Bottom Boot Block Byte 4 A AA 555 55 A 90 X02 8
5 Word 555 2AA 555 X01 2958
3 | Sectorprotect Byte AAA 555 AAA GA | xx00
9 | Verify(Note 7,8) X04
. 4 AA 55 90 01
Word 555 2AA 555 (SA) XX00
X02 XX01
Program Byte 4 AAA AA 555 55 AAA A0 PA PD
Word 555 2AA 555
UnlockBypass Byte 3 AAA AA 555 55 AAA 20
Word 555 2AA 555
Unlock Bypass Program (Note 9) 2 XXX A0 PA PD
UnlockBypass Reset (Note10) 2 XXX 90 PA 00
ChipErase Byte 6 AAA AA 555 55 AAA 80 AAA AA 555 55 AAA 10
Word 555 2AA 555 555 2AA 555
SectorErase Byte 6 AAA AA 555 55 AAA 80 AAA AA 555 55 SA 30
Word 555 2AA 555 555 2AA
Erase Suspended (Note 11) 1 XXX BO
Erase Resume (Note 12) 1 XXX 30
LEGEND:
X = Don'Care

RA = Addrress of the memory location to be read.

RD = Data read from location RA during read operation.

PA = Addfress of the memory location to be programmed. Addresses are latched on the falling edge of the FWE or FCS pulse, whichever occurs first.
PD = Data to be programmed at location PA. Data is latched on the rising edge of FWE orFCS pulse, whichever occurs first.

SA = Address of the sector to be erased. The combination of FA18-12 will uniquely select any sector.

NOTES:

1. Bus operations are defined in Table 3.

2. All values are in hexadecimal.

3. Except when readiing array or autoselect data, all bus cycles are write operations.

4. Address bits FA18-11 = don't care for unlock and command cycles, unless PA or SA Is required.

5. No unlock or command cycles required when reading array data.

6. The Reset command is required to return to readiing array data when device is in the autoselect mode, or if FD5 goes high (while the device is providing status data).
7. The fourth cycle of the autoselect command sequence is a read cycle.

8. The diata is O0h for an unprotected sector and 07h for a protected sector:

9. The Unlock Bypass command is required prior to the Unlock Bypass Program command.

10. The Unlock Bypass Reset command is required to return to reading array data when the device is in the Unlock Bypass mode.

11. The system may read and program in non-erasing sectors, or enter the autoselect mode, when in the Erase Suspend mode. The Erase Suspend command is valid
only during a sector erase operation.

12. The Erase Resume command is valid only during the Erase Suspend mode.

13. Data bots FD8-15 are don't cares for unlock and command cycles.
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Fic. 8 DATA POLLING ALGORITHM

Start

i

Read Byte
(FDO-FD7)
Addr = VA

A

Read Byte
(FDO-FD7)
Addr = VA

VA = Byte address for programming
= Any of the sector addresses within the
sector being erased during sector erase]
operation
= Valid address equals any non-protecte
sector group addlress auring chip erase

1. D7 should be rechecked even if FD5 = 1 because FD7 may change

simultaneously with FD5.

ol

WRITE OPERATION STATUS

The device provides several bits to determine the status of
a write operation: FD2, FD3, FD5, FD6, and FD7. Table 8 and
the following subsections describe the functions of these
bits. FD7, RY/BYT, and FD6 each offer a method for deter-
mining whether a program or erase operation is complete
or in progress. These bits are discussed first.

FD7: Data PoLLING

The Data Polling bit, FD7, indicates to the host system
whether an Embedded Algorithm is in progress or com-
pleted, or whether the device is in Erase Suspend Data Poll-
ing valid after the rising edge of the final FWE pulse in the
program or erase command sequence.

During the Embedded Program algorithm, the device out-
puts on FD7 the complement of the datum programmed to
FD7. This FD7 status also applies to programming during Erase
Suspend. When the Embedded Program algorithm is com-
plete, the device outputs the datum programmed to FD7.
The system must provide the program address to read valid
status information on FD7. If a program address falls within a
protected sector, Data Polling on FD7 is active for approxi-
mately 1us, then the device returns to reading array data.

During the Embedded Erase algorithm, Data Polling produces
a “0” on FD7. When the Embedded Erase algorithm is com-
plete, or if the device enters the Erase Suspend mode, Data
Polling produces a “1” on FD7. This analogous to the
complement/true datum output described for the Embed-
ded Program algorithm: the erase function changes all the
bits in a sector to “1”; prior to this, the device outputs the
“complement,” or “0.” The system must provide an address
within any of the sectors selected for erasure to read valid
status information on FD7.

After an erase command sequence is written, if all sectors
selected for erasing are protected, Data Polling on FD7 is
active for approximately 100us, then the device returns to
reading array data. If not all selected sectors are protected,
the Embedded Erase algorithm erases the unprotected sec-
tors, and ignores the selected sectors that are protected.

When the system detects FD7 has changed from the
complement to true data, it can read valid data at FD7-0 on
the following read cycles. This because FD7 may change
asynchronously with FDO-6 while Flash Output Enable (FOE)
is asserted low. Figure 14, Data Polling timings (During Em-
bedded algorithms), in the “Flash AC characteristics” sec-
tion illustrates this.

Table 8 shows the outputs for Data Polling on FD7. Figure 8
shows the Data Polling algorithm.
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RY/BY1: READY/BUSY

The RY/BY1 is a dedicated, open drain output pin that indi-
cates whether an Embedded Algorithm is in progress or
complete. The RY/BYT status is valid after the rising edge of
the final FWE pulse in the command sequence. Since RY/
BY1 is an open-drain output, several RY/BY1 pins can be
tied together in parrallel with a pull-up resistor to Vcc.

If the output is low (Busy), the device is actively erasing or
programming. (This includes programming in the Erase Sus-
pend mode.) If the output is high (Ready), the device is
ready to read array data (including during the Erase Sus-
pend mode.), or is in the standby mode.

Table 8 shows the outputs for RY/BYT. Figures 11, 12, 13,
19 show RY/BY1 for read, program, erase and reset opera-
tions, respectively.

FD6: TOGGLE BIT |

“Toggle Bit I” on FD6 indicates whether an Embedded Pro-
gram or Erase Algorithm is in progress or has been com-
pleted, or whether the device has entered the Erase Sus-
pend mode. Toggle Bit | may read at any address, and is
valid after the rising edge of the final FWE pulse in the com-
mand sequence (prior to the program or erase operation),
and during the sector erase time-out.

During an Embedded Program or Erase Algorithm opera-
tion, successive read cycles to any address will result in
FD6 toggling. (The system may use either FOE or FCS to
control the read cycles.) When operation is complete, FD6
stops togsling.

After the erase command sequence is written, if all selec-
tors selected for erasing are protected. FD6 togsles for ap-
proximately 100us, then returns to reading array data. If not
all selected sectors are protected, the Embedded Erase
Algorithm erases the unprotected sectors, and ignores the
selected sectors that are protected.

The system can use FD6 and FD2 together to determine whether
a sector is actively erasing or is erase-suspended. When the
device is actively erasing (that is, the Embedded Erase Algo-
rithm is in progress) FD6 togsles. When the device enters the
Erase Suspend mode, FD6 stops togsling. However, the sys-
tem must also use FD2 to determine which sectors are erasing
or erase-suspended. Alternatively, the system can use FD7 (see
the subsection on “FD7: Data Polling”).

If @ program address falls within a protected sector, FD6
also toggles for approximately 1us after the program com-
mand sequence is written, then returns to reading array data.

FD6 also toggles during erase-suspend-program mode, and
stops toggling once the Embedded Program algorithm is
complete.

Table 8 shows the outputs for “Toggle Bit I” on FD6. Figure
9 shows the Toggle Bit Algorithm. Figure 271 shows the toggle
bit timing diagrams. Figure 20 shows the difference between
FD2 and FD6 in graphical form. See also the subsection on
“FD2: Toggle Bit II”.

FD2: TOGGLE BIT Il

The “Tosgle Bit II” on FD2, when used with FD6, indicates
whether a particular sector is actively erasing (that is, the Em-
bedded Erase Algorithm is in progress) or whether that sec-
tor is erase-suspended. “Toggle Bit II” is valid after the rising
edse of the final FWE pulse in the command sequence.

FDQ toggles when the system reads at addresses within
those sectors that have been selected for erasure. (The
system may use either FOE or FCS to control the read
cycles.) FD2 cannot distinguish whether the sector is ac-
tively erasing or is erase-suspended. FD6, by comparison,
indicates whether the device is actively erasing, or is in Erase
Suspend, but cannot distinguish which sectors are selected
for erasure. Thus, both status bits are required for sector
and mode information. Refer to Table 8 to compare out-
puts for FD2 and FD6.

Figure 9 shows the Toggle Bit Algorithm in flowchart form,
and the section “FD2: Toggle Bit II” explains the algorithm.
See also the subsection on “FDé: Togsle Bit I”. Figure 21
shows the toggle bit timing diagrams. Figure 20 shows the
difference between FD2 and FD6 in graphical form.

READING TOGGLE BITS FD6/FD2

Refer to Figure 9 for the following discussion. Whenever the
system initially begins reading togsle bit status, it must read
FD7-FDO at least twice in a row to determine whether a
toggle bit is toggling. Typically, the system would note and
store the value of the toggle bit after the first read. After the
second read, the system would compare the new value of
the toggle bit with the first. If the toggle bit is not toggling,
the device has completed the program or erase operation.
The system can read array data on FD7-0 on the following
read cycle.

However, if after the initial two read cycles, the system de-
termines that the toggle bit is still toggling, the system also
should note whether the value of FD5 is high (see the sec-
tion on FD5). If it is, the system should then determine again
whether the toggle bit is toggling, since the toggle bit may
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FIG. 9 TocGLE BiT ALGORITHM
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1. Read toggle bit twice to detemine whether or not it is toggling. See text.
9. Recheck toggle bit because it may stop togsling as FD5 changes to 1.
See text.

have stopped toggling just as the device has successfully
completed the program or erase operation. If it is still tog-
gling, the device did not complete the operation success-
fully, and the system must write the reset command to re-
turn to reading array data.

The remaining scenario is that the system initially determines
that the toggle bit is toggling and FD5 has not gone high. The
system may continue to monitor the togsle bit and FD5 through
successive read cycles, determining the status as described
in the previous paragraph. Alternatively, it may choose to per-
form other system tasks. In this case, the system must start at
the beginning of the algorithm when it returns to determine
the status of the operation (top of Figure 9).

FD5: EXCEEDED TIMING LIMITS

FD5 will indicate whether the program or erase time has
exceeded the specified limits (internal pulse count). Under
these conditions FD5 will produce a “1”. This is a failure
condition that indicates the program or erase cycle was not
successfully completed.

The FD5 failure condition may appear if the system tries to
program a “1” to a location that is previously programmed
to “0.” Only an erase operation can change a “0” back to a
“1.” Under this condition, the device halts the operation,
and when the operation has exceeded timing limits, the FD5
bit will produce a “1”.

Under both these conditions, the system must issue the
reset command to return the device to reading array data.

FD3: SECTOR ERASE TIMER

After writing a sector erase command sequence, the system
may read FD3 to determine whether or not an erase opera-
tion has begun. (The sector erase timer does not apply to
the chip erase command.) If additional sectors are selected
for erasure, the entire time-out also applies after each addi-
tional sector erase command. When the time-out is com-
pleted, FD3 switches from “0” to “1.” The system may ignore
FD3 if the system can guarantee that the time between addi-
tional sector erase commands will always be less than 50us.
See also the “Sector Command Sequence” section.

After the sector erase command sequence is written, the
system should read the status on FD7 (Data Polling) or FD6
(Tosggle Bit I) to ensure the device has accepted the com-
mand sequence, and then read FD3. If FD3 is high (“1”) the
internally controlled erase cycle has begun; all further com-
mands (other than Erase Suspend) will be ignored until the
erase operation is completed. If FD3 is low (“0”), the device

27
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will accept additional sector erase commands. To ensure the
command has been accepted, the system software should
check the status of FD3 prior to and following each subse-
quent sector erase command. If FD3 is high on the second
status check, the last command may not have been accepted.
Table 8 shows the outputs for FD3.

TaBLE 8 - WRITE OPERATION STATUS

Status FD7(2) FDe FDs(1) FD3 FD(2) | RY/BY1
Standard Embedded Program Algorithm D7 Togsle 0 N/A No Tossle 0
Mode Embedded Erase Algorithm Toggle 0 1 Toggle 0
Erase Reading within Erase Suspended Sector 1 No Togsle 0 N/A Toggle 1
Sl;:opgzd Reading within Non-Erase Suspended Sector Data Data Data Data Data 1
Erase Suspended Program FD7 Toggle 0 N/A N/A 0
NOTES:

1. FD5 switches to "1"when an Embedded Program or Embedded Erase operation has exceeded the maximum timing limits. See "FD5: Exceed Timing Limits" for more

information.

2. FD7 and FDQ require valid address when readiing status information. Refer to the appropriate subsection for further details.

FLasH AC CHARACTERISTICS — WRITE/ERASE/PROGRAM OPERATION_S,CS CONTROLLED
(VCC =3.3V, VSS =0V, TA = -55°C 10 +125°C)

Parameter Symbol -100 -120 -150 Unit
Min Max Min Max Min Max

Write Cycle Time tAVAV twc 100 120 150 s
Write Enable Setup Time tWLEL tws 0 0 0 s
Chip Select Pulse Width tELEH tep 45 50 50 s
Address Setup Time tAVEL tAs 0 0 0 s
Data Setup Time tDVEH tos 45 50 50 s
DataHold Time tEHDX toH 0 0 0 s
Address Hold Time tELAX tAH 45 50 50 ns
Chip SelectPulse Width High tEHEL teeH 20 20 20 ns
Duration of Byte Programming Operation (1) tWHWH1 300 300 300 us
Sector Erase Time tWHWH2 15 15 15 sec
Read Recovery Time (2) tGHEL 0 0 0 us
Chip Programming Time 50 50 50 sec
1. Typical value for tWHWHT is Qus.
2. Guaranteed by design, but not tested.
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FLasH AC CHARACTERISTICS — WRITE/ERASE/PROGRAM OPERATIONS - WE CONTROLLED
(VCC = 3.3V, TA = -55°C 10 +125°C)

Parameter Symbol -100 -120 -150 Unit
Min Max Min Max Min Max
Write Cycle Time tAVAV twe 100 120 150 s
Chip Select Setup Time tELWL tcs 0 0 0 ns
Write Enable Pulse Width tWLWH twp 50 50 65 ns
Address Setup Time tAVWL tas 0 0 0 s
Data Setup Time toVWH tos 50 50 65 s
DataHold Time tWHDX oH 0 0 0 ns
Address Hold Time twLAX taH 50 50 65 ns
Write Enable Pulse Width High twHwL twpH 30 30 35 ns
Duration of Byte Programming Operation (1) tWHWH1 300 300 300 us
SectorErase tWHWHE 15 15 15 sec
Read Recovery Time before Write (3) tGHWL 0 0 0 us
Vcc Setup Time tves 50 50 50 s
Chip Programming Time 50 50 50 sec
Output Enable Setup Time toES 0 0 0 ns
Output Enable Hold Time (2) toeH 10 10 10 ns
1. Typical value for tWHWHT is Qus.
9. For Toggle and Data Polling.
3. Guaranteed by design, but not tested.
FLAsH AC CHARACTERISTICS — READ-ONLY OPERATIONS
(VCC = 3.3V, TA = -55°C 10 +125°C)
Parameter Symbol -100 -120 -150 Unit
Min Max Min Max Min Max
Read Cycle Time tAVAV trC 100 120 150 s
Address Access Time tavav tacc 100 120 150 ns
Chip Select Access Time teLav tce 100 120 150 ns
Output Enable to Output Valid teLav toe 40 50 55 ns
Chip Select High to OutputHigh Z (1) teHaz tor 30 30 40 ns
Output Enable High to Output Hish Z (1) tGHaz toF 30 30 40 ns
OutputHold from Addresses,ﬁorﬁ Change, tAxax toH 0 0 0 ns
whicheverisFirst
1. Guaranteed by design, not tested.
Fic. 10 AC Test CircuIt AC TesT CoNDITIONS
Parameter Typ Unit
lou InputPulse Levels Vi=0,VH=25| V
Current Source Input Rise and Fall 5 rs
Inputand Output Reference Level 15 \Y
Output Timing Reference Level 1.5 \
D.UT. V, =15V Notes.
(Bipolar Supply)

Cert =50pf VZ is programmable from -2V to +7V.

IOL & IOH programmable from 0 to 16mA.

Tester Impedance Z0 = 75Q.

VZ is typically the micipoint of VOH and VOL.

IOL & IOH are adjjusted to simulate a typical resistive load circuit.
ATE tester includes jig capacitance.

J

Current Source

OH
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Fic. 11 FLasH AC Waverorms For READ OPERATIONS
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Fic. 12 FrAsH WRITE/ERASE/PROGRAM OPERATION, FWE CONTROLLED
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NOTES:
1. PAis the addlress of the memory location to be programmed.

2. PD s the data to be programmed at byte addrress.

3. FD7 is the output of the complement of the data written to each chip.
4. FDOUT is the output of the data written to the device.

5. figure indlicates last two bus cycles of four bus cycle sequence.
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Fic. 13 FrasH AC Waverorms CHIP/SEcTOR ERASE OPERATIONS
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Addresses

NOTE:
1. SA s the sector addrress for Sector Erase.

White Electronic Designs Corporation * Phoenix AZ * (602) 437-1520 32



W}WHITE ELECTRONIC DESIGNS __WEDPNF8M721V-XBX

Fic. 14 FrLasH AC Waverorms For DaATA PoLLiNG DuriING EMBEDDED ALGORITHM OPERATIONS
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Fic. 15 FrasH ALTERNATE Fcs CoNTROLLED PROGRAMMING OPERATION TIMINGS
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Addresses
FWE
FOE
FCS1/FCS2
Data

Notes:
1. FPA represents the address of the memory location to be programmed.

9. PD represents the data to be programmed at byte address.

3. FD7 s the output of the complement of the diata written to each chip.
4. FDOUT is the output of the data written to the device.

5. Figure indlicates the last two bus cycles of a four bus cycle sequence.
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Fic. 16 TEmMPORARY SECTOR UNPROTECT
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Fic. 18 AC CHARAcTERISTICS SECTOR PROTECT/UNPROTECT TiMING DIAGRAM
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Parameter Description Test Setup All Speed Options | Unit
tReaoly RST Pin Low (During Embedded
Algorithms) to Read or Write (See Note) Max 20 us
tReady RST Pin Low ( NOT During Embedded
Algorithms) to Read or Write (See Note) Max 500 ns
tRp RST Pulse Width Min 500 ns
RH RST High Time Before Read (See Note) Min 50 ns
tRPD RST Low to Standby Mode Min 20 s
RB RY/BY1 Recovery Time Min 0 ns
Note:
Not 100% tested.

Fic. 19 HARDWARE RESET (R_ST)
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FOE — g
RESET N _Z
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(Ready
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Fic. 20 AC CHarAacTERISTICS DQ 2 VS. DQ 6
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TocaGLE BiT TimiNgs (DUuRING EMBEDDED ALGORITHMS)
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PAckaGe 743: 275 PLasTic BALL GRiD ARRAY (PBGA)
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750 PowerPC™ SysteEm BLock DIAGRAM
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ORDERING INFORMATION

WEDPNF 8M72 1V -XXXXB X

-I_— DEVICE GRADE:

M = Military -55°Cto +125°C
| = Industrial -40°Cto +85°C
C = Commercial 0°Cto+70°C
PACKAGE:

B = 275 Plastic Ball Grid Array (PBGA)

FREQUENCY (MHz)

1010 = T00MHz SDRAM/100ns Flash
1012 = T00MHz SDRAM/120ns Flash
1015 = T00MHz SDRAM/150ns Flash
1210 = 125MHz SDRAM/100ns Flash
1212 = 125MHz SDRAM/120ns Flash
1215 = 125MHz SDRAM/150ns Flash

3.3V Power Supply

Flash CONFIGURATION, TM x 8/512K x 16 (1MB)

SDRAM CONFIGURATION, 8Mx 72 (64MB)

FLASH

SDRAM

PLASTIC

WHITE ELECTRONIC DESIGNS CORP.
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