





































































































































































































































































































































































































































































































































































































































































































































































































28F016XS/i960® Microprocessor Interface

Optimized Configuration

Figure 15 illustrates a four double-word burst read with
the 28F016XS-15s and state machine configured for
optimum read performance. While the state machine
waits for the 1960 JF microprocessor to initiate a read
cycle, ADV#, LE and MUX are held active enabling the

L] .

intel.
After the first access is initiated at N = 1, ADV# is held
active and the counter increments through the remaining
burst sequence. Data from the initial access will be
available at N = 4. Subsequent data will be valid at
N =5, 6 and 7. All other signal monitoring and

generation is identical to the reset/power-up
configuration read cycle documented in the preceding

processor with the capability of providing the flash section.
memory with the initial address.
N=Q 1 2 3 4 7
CLK
ax 11 | | | | | L1
o | A ¥ ¥ 1 ¥ s 1 | e O
— tsu1
ADSH —\___/
i tsu1
W/RH \
BLASTE \ /[

X X 2 X j+3 m

D 00

QA4 MXXXX ValidiAddress
— tELCH
CE# -\

e \k—' fsu1

ADV#

teLcH
OF# \l‘—’

|

J+3

CR 19

RDYRCV# \

S

7500_15

Figure 15. Example Four Double-Word Burst Read lllustrating Important Timing Parameters
Requiring Consideration
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Critical Timings

In these two read configurations, there are some
important timing considerations that need to be taken
into consideration. Table 4 depicts critical timings that
are illustrated in Figures 14 and 15.

First, the buffer delay can cause possible timing
violations if not chosen correctly for a given system
operating frequency. The purpose of the buffer is to
provide sufficient time for the processor to load the
28F016XSs with the initial address during a read
transaction. Therefore, the buffer must have a minimum
delay that satisfies the flash memory’s tavch.

Latch Delay - tovi - tavcn -1/CLKIN = Buffer Delay

28F016XS/i960® Microprocessor Interface

As the previous equation illustrates, the minimum buffer
delay is dependent upon several different variables:
CLKIN frequency and latch delay. At a slow operation
frequency, the interface does not require a buffer delay.

The buffer can also affect the processor’s data setup
time. Hence, the buffer must have a maximum delay of
no greater than:

1/CLKIN - tcaqv - tis1 = Buffer Delay

Consult the appropriate datasheets for full timing
information.

Table 4. Example Read Cycle Timing Parameters at 5V V¢

Part Symbol Parameter Minimum Specified
Value (ns)

Buffer tPHL,PLH Buffer Delay 1.5
22V10-15 tsus Input Setup Time to CLK 9
28F016XS-15 teLcH CE# Setup to CLK 25

tvLch: ADV# Setup to CLK 15

taveH Address Setup to CLK 15

teLcH OE# Setup to CLK 15

‘NOTE:
Consult appropriate datasheets for up-to-date specifications.
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3.4 Burst Write Cycle Description at

33 MHz ‘

s13
ADV#=1
OE#=1
WE#=0
RDYRCV#=1
INC=0

BLAST#=1

CS#=0

ADV#=1
OE#=1

WE#=0
RDYRCV#=1
INC=0

S14

7500_16

Figure 16. Write State Diagram of Burst Control

Interface Shown in Figure 12

intel.

Figure 17 illustrates a two double-word burst write
cycle. The i960 JF microprocessor initiates a write cycle
by asserting ADS# with W/R# = 1 and presenting a
valid address and control signals. When detecting a
write operation, the state machine immediately switches
the data flow path through the MUX. The counter is
given sole control to drive the 28F016XSs’ lower
address lines during write operations. At N = 1 with
ADS# = 0, the two-bit counter loads the values on the
processor’s lower address lines. The state machine
asserts WE# (to meet timing requirements, WE# is
falling-edge triggered) on the falling edge between N =
1 and N = 2. WE# remains asserted for four clock
periods, in order to meet 28F016XS-15 timing

Write Configuration

_requirements. The state machine asserts RDYRCV# for

N = 4 to inform the 1960 KB microprocessor to supply
the next data. At N = 4, the counter increments the two
lower address bits, and the state machine asserts WE# on
the next falling clock edge to begin the next data write
to the 28F016XS-15s. The data writes continue until the
processor asserts BLAST#, noting the end of the current
write transaction. The SFI Configuration has no effect
on the write cycle.

N=9 ! 2 3 4 5 6 7
a1 LT LT LT LT L1 1T 1
(33MH2) - .
— su1
ADSH# \  / \ /
WRe i /jeiSUl
BLAST# \ Vo
. 'DVWH tWHDX twHDX
¢ i le—>y
Loy KUKRK Address X 03 Yot XXXXXX
lgisUty.
A3 XXX . X i+ XXXXX
VWL i
QAZ1.4 B Valid Address
| tWHEH
cs# = | ELAL
ADV#
OE#
WE# tWLWH o ,
] letAwL le—iny Y
CTRyg X i X "
12 iTit
RDYRCV# \Je >l

7500_17
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Figure 17. Two Double-Word Burst Write
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Critical Timings Consult the appropriate datasheets for full timing
information.
Table 5 describes the critical timings illustrated in

Figure 17.

Notice that CTR ., and CS# must be valid before WE#
is asserted. CTR |, are guaranteed valid 8 ns after the
rising clock edge, providing 12 ns of margin.

Table 5. Example Write Cycle Timing Parameters at 5V V¢

Part Symbol Parameter Minimum Specified
Value (ns)

22V10-15 tsus Input Setup Time to CLK 9
28F016XS-15 teLwi CE# Setup to WE# Going Low 0

tavwL Address Setup to WE# Going Low 0

twLwH WE# Pulse Width 50

tovwH Data Setup to WE# Going High 50

twHDX Data Hold from WE# High

twHAX Address Hold from WE# High

twHEH CE# Hold from WE# High

NOTES:
Consult appropriate datasheets for up-to-date specifications.
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4.0 Standard i960 JF MICROPROCESSOR INTERFACE

\

CLKIN CFG
33 MHz
L Clock

|

7
r 'IIIII/IIIIIIII& %
Illllllllllllléé % ‘
i960® JF 7 é
Microprocessorp Ch:%;gec' %
‘ é
ALE Z
7
%
%
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- -
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BLAST# WE# /=y
RDYCRV# (¢ v
'"13"?5 ° INT
RESET# f———  RESETH ——H (22v190-15) RESET#
—)

Input

750012

Figure 18. Minimal Interface Logic Required in Interfacing the 28F016XS-15 to the
i960 JF-33 Microprocessor to Sustain 3-0-0-0 Burst Read Performance Up to 33 MHz

The 28F016XS-15 interface to the i960 JF-33
microprocessor, illustrate in Figure 12, delivers 3-0-0-0
wait-state read performance up to 33 MHz. The design
requires only one 22V10 to handle all interfacing
requirements. Contact your Intel or distribution sales
office for schematic and PLD files for the interface
documented in this section.

See Section 3.0 for an alternative design.

4.1. Circuit Description

This interface is very similar to the optimized i960 JF
design described in Section 3.0. This design however,
eliminates the buffer and multiplexer requirement. For
specific circuitry information involved in this standard
interface, reference Section 3.0.

CLK Option

Unlike the optimized design in Section 3.0, a buffer is
not implemented in this interface. The 33 MHz system
clock drives the processor, PLD and flash memory. To
reduce system clock skew, position the PLD and
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28F016XSs  within
MiCroprocessor.

close proximity to the

4.2. Software Interface Considerations

This interface supports processor boot-up from the flash
memory space after power-up or system reset. Initially,
the read wait-state performance will be 5-1-1-1 until the
SFI Configuration value is modified. The 28F016XS
operates at optimal performance with -a
SFI Configuration value of 2 at 33 MHz. Program
control should jump to an area of RAM to execute a
configuration sequence which optimizes the flash
memory and interface state machine for the given
operating frequency.

4.3 Burst Read Cycle Description at
33 MHz

Refer to the read cycle timing diagrams and state
diagram (Figure 13) for the following discussions of the
read cycle.
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Figure 19. Read State Diagram of Burst Control Interface Shown in Figure 18
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Figure 20. Example Four Double-Word Burst Read in Initial Configuration Showing Key
Specifications Requiring Consideration

Initial Configuration

Figure 20 illustrates a four double-word burst read cycle
with the 28F016XS-15s and the state machine in the
reset/power-up configuration state. The i960 JF
microprocessor initiates a read cycle by asserting ADS#
with W/R# = “0,” presenting a valid address and control
signals. At N = 2 with ADS# = “0” and CLK = “0,” the
two-bit counter loads the values on the address bits A, ,.

The state machine asserts ADV# after clock edge N =1
where the 28F016XS-15s will clock in the first address
at the next rising clock edge (N=2), if CS# is asserted. If
CS# is not asserted, the state machine will return to its
inactive state at N = 2.

The state machine de-asserts ADV# at N = 2. The state
machine then asserts ADV# at N = 3 to load the next
read address into the 28F016XS-15s. De-asserting
ADV# for one clock cycle (at N =2, 4, 6 and 8) between
accesses forces the 28F016XS-15s to hold data output
for two clock cycles (access stretching), which allows
time for the data to stabilize and meet  the timing
requirements of the i960 JF microprocessor bus.
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The counter increments the two lower bits of the address
at N =3, 5 and 7 to provide the four successive burst
addresses. The state machine asserts OE# at N = 4 to
enable the 28F016XS-15 data output buffers. With the
SFI Configuration = 4, the data will be valid at the
1960 JF microprocessor data inputs at N = 7.

The state machine asserts RDYRCV# to inform the
i960 JF microprocessor that the data is valid.
RDYRCV# is returned active at N =7, 9, 11 and 12.
When sampling BLAST# active, the state machine ends
the read transfer and returns to an idle state. In the idle
state, the state machine simply waits for the processor to
initiate another bus transaction.
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Optimized Configuration

Figure 15 illustrates a four double-word burst read with
the 28F016XS-15s and state machine configured for
optimum read performance. With the
SFI Configuration = 2, ADV# is held active and the
counter increments at N = 2, 3 and 4, supplying the
28F016XS-15s with four consecutive accesses. Data

28F016XS/i960® Microprocessor Interface

from the initial access will be valid for transfer at N = 5.
Subsequent data will be valid at N = 6, 7 and 8. This
interface and 28F016XS-15 configuration improve read
wait-state performance to 3-0-0-0. All other signal
monitoring and generation are identical to the
reset/power-up configuration read cycle documented in
the preceding section.
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Figure 21. Example Four Double-Word Burst Read lllustrating Important Timing Parameters
Requiring Consideration
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Critiqal Timings

Table 4 describes the critical timings illustrated in
Figures 14 and 15. One particularly critical timing in
this design is the data hold time, which the
28F016XS-15 meets with 0 ns margin. The 28F016XS
holds data for 5 ns after a rising clock.

The 28F016XS-15 will provide data 10 ns before the
rising edge of the system clock, which satisfies the
1960 JF-33 microprocessor’s data input requirement.

intgl.

ADV# and CTR, are guaranteed valid 8 ns after the
rising clock edge. Setup times for these inputs to
28F016XS-15 are each 15 ns. Since the clock period is
30 ns, this allows 7 ns margin for these timings.

RDYRCV# is guaranteed valid 8 ns after the rising
clock edge to met the microprocessor's setup time to
rising clock edge.

Consult the appropriate datasheets for full timing
information.

Table 6. Example Write Cycle Timing Parameters at 5V V¢c

Part Symbol Parameter Minimum Specified
Value (ns)
22v10-15 tsut Input Setup Time to CLK 9
28F016XS-15 teLcH CE# Setup to CLK 25
tvLcH ADV# Setup to CLK 15
taveH Address Setup to CLK 15
teLch OE# Setup to CLK © 15

NOTE:
Consult appropriate datasheets for up-to-date specifications.
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4.4 Burst Write Cycle Description at
33 MHz

The write interface in for this design behaves similar to
the optimized design’s write interface described in
Section 3.4. The only difference between the two
designs is the absence of the MUX. Therefore, this
design’s write state machine does not have to concern
itself with changing the data flow through the MUX.
Instead, the interface simply loads and holds the address
presented by the processor for the duration of the write
operation.

For further details information about this cycle and write
timing waveform, refer to Section 3.4.

5.0 INTERFACING TO OTHER i960
MICROPROCESSORS

{960 CF-16, 1960 CF-25 and 1960 CF-33
Microprocessors

The 1960 CF microprocessor bus interface is completely
compatible with the i960 CA microprocessor bus
interface. Therefore, the 28F016XS-15 interfaces
described above for the 1960 CA-33 microprocessor
work equally well with the 1960 CF-25 and 33 MHz
MiCroprocessors.

At 16 MHz, the interface requires a slight modification
because the SFI Configuration value at 16 MHz
equals 1. The 28F016XS-15 will begin driving the data
pin 1 CLK period after initiating a read access. The
interface returns READY# to the i960 CF-16
microprocessor, 1 CLK cycle earlier. Therefore, the
28F016XS-15 interface to the 960 CF-16
microprocessor will deliver 3-0-0-0 wait-state read
performance. ‘

i960 KA and i960 KB Microprocessors

The 28F016XS interface to the 1960 Kx microprocessor
series will be very similar to the i960 JF interface
described in Sections 3.0 and 4.0. The only difference
between the two designs is the i960 Kx’s lack of a

28F016XS/i960® Microprocessor Interface

BLAST# output signal. The 1960 JF interfaces use this
signal to determine the end to the burst transaction.
Since the 1960 Kx microprocessor does not have a
BLAST# signal, the interface logic must examine the
processor’s lower address lines to determine the length
of the read transaction.

For further detailed information about this interface,
please reference the 1960 JF interfaces. Contact your
Intel or distribution sales office for schematic and PLD
files for the 28F016XS interface to the i960 Kx
microprocessor.

i960 SA Microprocessor, i960 SB
Microprocessor

The 28F016XS’s interface to the i960 Sx microprocessor
series will be similar to the i960 JF microprocessor
interfaces, with the following differences:

o The 1960 Sx microprocessor series has a 16-bit data
bus multiplexed with the lower 16 of 32 address bits.
Therefore, a single 28F016XS will match the width
of the data bus.

o The 1960 Sx microprocessor series supports eight
double-word burst transfers. Therefore, the
28F016XS interface will require a three-bit counter
to generate the lower three bits of the burst
addresses.

6.0 CONCLUSION

This technical paper has described the interface between
the 28F016XS 16-Mbit Flash memory component and
the 1960 microprocessor family. This simple design has
been .implemented with a minimal number of
components and achieves exceptional read performance.
The 28F016XS provides the microprocessor with the
non-volatility and updateability of flash memory and the
performance of DRAM. For further information about
the 28F016XS, reference the Additional Information
section of this technical paper. Please contact your local
Intel or distribution sales office for more information on
Intel’s flash memory products.
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ADDITIONAL INFORMATION

Order Number Document/Tools
290532 28F016XS Datasheet
297500 "Interfacing 28F016XS to the Intel486™ Microprocessor
Family"
292147 AP-398, "Designing with the 28F016XS"
292146 AP-600, "Performance Benefits and Power/Energy Savings of 28F016XS
Based System Designs"
292163 AP-610, “Flash Memory In-System Code and Data Update Techniques" '
292165 AB-62, “Compiled Code Optimizations For Embedded Flash RAM
Memories”
297372 16-Mbit Flash Product Family User's Manual
297508 FLASHBuilder Utility
Contact Intel/Distribution 28F016XS Benchmark Utility
Sales Office
‘Contact Intel/Distribution 28F016XS iBIS Models
Sales Office
Contact Intel/Distribution 28F016XS VHDL/Verilog Models
Sales Office
Contact Intel/Distribution 28F016XS Timing Designer Library Files
Sales Office -
Contact Intel/Distribution 28F016XS Orcad and ViewLogic Schematic Symbols
Sales Office
REVISION HISTORY
Number . Description
001 Original Version
002 Added Optimized i960 JF Microprocessor Interface that Delivers 2-0-0-0 Wait-State
Performance Up to 30 MHz.
Removed Detailed i960 KB Microprocessor Interface Description
Added i960 KB Microprocessor Interfacing Guidelines to Section 5.0, “Interfacing to
Other i960 Microprocessors”
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APPENDIX A
PLD FILES

PLD file for the standard 28F016XS interface to the 960 CA Microprocessor described in Section 2.0.

Title 28F016XS / i960® CA Microprocessor Interface State Machine
Pattern PDS
Revision 1
Authors Example
Company Intel Corporation - Folsom, California
Date 1-25-94
CHIP STATEMACHINE 85C22V10
; inputs
PIN 1 CLK
PIN ADS_n ; address status - 19960 CA microprocessor
PIN W_R_n ; W/R# - 19960 CA microprocessor
PIN BLAST_n ; burst last - 19960 CA microprocessor
PIN CS_n ; chip select - 28F016XS
PIN CFG ; 28F016XS/i960 CA microprocessor config status set input
PIN A2 ; LAD bit 2
PIN A3 ; LAD bit 3
PIN RESET ; resets all FFs in device
PIN 25 GLOBAL ; virtual pin to implement reset
, outputs
PIN CTRO ; burst counter out - 28F016XS-A1
PIN CTR1 ; burst counter out - 28F016XS-A2
PIN /WE ; write enable - 28F016XS
PIN /OE ; output enable - 28F016XS
PIN Qo0 ; state variables
PIN Q1
PIN /ADV ; state variable and address valid - 28F016XS
PIN Q3
; burst counter control signals
STRING LD '(/ADS_n)' ; load
STRING INC '(/ADV + ADV * Q3 * Q1 * Q0)' ; increment

STATE MOORE_MACHINE
DEFAULT_BRANCH SO

; state assignments

S0 = /Q3 * JADV */Q1 * /QO
Sl= /Q3 * ADV */Q1 * /QO
S2= Q3 * ADV */Ql */Q0
S3= Q3 * ADV */QL * QO
S4= /Q3 * ADV */Q1 * QO
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S5= /Q3 */ADV */Q1 * QO
S6= /Q3*/ADV * QI */Q0
S7= Q3 */ADV * QI */Q0
S8= Q3 */ADV */Ql */QO0

; State transitions
SO:= (/ADS_n*/W_R_n) ->S1 ; READ cycle
+ (/ADS_n*W_R_n) ->S6 ; WRITE cycle
+-> S0 ; else, stay
S1:= (/CS_n */CFG) >S5 ; 28F016XS selected, initial configurations
+ (/CS_n * CFG) ->S2 ; 28F016XS selected, 28F016XS and 1960 CA microprocessor configured
+-> S0 ; else, return to idle state
S2:= VCC ->S3
S3:= VCC -> 54 ; 28F016XS is configured to wait 4 clocks
S4:= (/BLAST_n* ADS_n) ->S0 ; 1 double word read
+ (/BLAST_n */ADS_n) -> S1 ; pipelined read
+-> 85 ; else, continue
S5:= (/BLAST_n* ADS_n) -> S0 ; burst read finished
+ (/BLAST_n * /ADS_n) -> S1 ; pipelined read
+-> 85 ; else, continue
S6:= /CS_n ->S7 ; 28F016XS selected, continue
+-> S0 ; else, return to idle state
S7:= VCC -> S8
S8:= (BLAST_n * CFG) ->S6 ; continue burst
+ (BLAST_n*/CFG) ->S8 ; pre-config write

+-> S0 ; write is finished
; transition outputs
S0.0UTF := /OE * /WE
S1.0UTF := /OE * /WE
S2.0UTF := OE * /WE
S3.0UTF := OE * /WE
S4.0UTF := OE * /WE
S5.0UTF := OE * /WE
S6.0UTF := OE * /WE
S7.0UTF = /OE * WE
S8.0UTF := /OE * WE
S9.0UTF := /OE * /WE
EQUATIONS
; implement RESET

GLOBAL.RSTF =/RESET
; implement 2-bit burst counter - registered counter equations

CTR1 := (LD * A3) + (/LD * INC * CTRO * /CTR1)

+ (/LD * INC * /CTRO * CTR1) + (/LD * /INC * CTR1)

CTRO := (LD * A2) + (/LD * INC * /CTRO) + (/LD * /INC * CTRO)
; flop OE and WE on falling edge

OE.CLKF =/CLK

WE.CLKF =/CLK
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PLD file for the optimized 28F016XS interface to the 1960 JF Microprocessor described in Section 3.0.

Title Optimized 28F016XS/i960® JF Microprocessor Interface State Machine
Pattern PDS

Revision 1

Authors Example

Company Intel Corporation - Folsom, California

Date 2-16-95

CHIP STATEMACHINE 85C22V10

; inputs

PIN 1 CLK

PIN ADS ; address status - 1960 JF microprocessor
PIN W_R ; W/R# - 1960 JF microprocessor

PIN BLAST ; burst last - 19960 JF microprocessor

PIN CS ; chip setect

PIN CFG ; 28F016XS/1960 JF microprocessor config status set input
PIN A2 ; Abit2

PIN A3 ; Abit3

PIN RESET ; resets all FFs in device

PIN 25 GLOBAL ; virtual pin to implement reset

; outputs

PIN CTRO ; burst counter out - 28F016XS-A1

PIN CTR1 ; burst counter out - 28F016XS-A2

PIN /WE ; write enable - 28F016XS

PIN /OE ; output enable - 28F016XS

PIN /RDYRCV ; wait-state control

PIN MUX ; control data flow through the multiplexer
PIN Qo0 ; state variables

PIN Q1

PIN /ADV ; state variable and address valid - 28F016XS
PIN Q3

; burst counter control signals
STRING LD '(/ADS)' ; load
STRING INC'(/ADV +/RDYRCV * Q3 * Q1 * Q0)' ; increment

STATE MOORE_MACHINE
DEFAULT_BRANCH S0

; state assignments
SO = /RDYRCV */Q3 * ADV */Q1 */Q0 * /OE * /WE * /IMUX
S1= /RDYRCV */Q3 * ADV */Q1 * QO * OE * /WE* MUX

S2 = /RDYRCV */Q3 * ADV * Q1 */Q0 * OE * /WE * MUX
S3 = RDYRCV */Q3 * ADV * Q1 * Q0 * OE */WE* MUX
S4 = RDYRCV */Q3 */ADV */Q1 * QO * OE * /WE* MUX
S5 = /RDYRCV */Q3 * /ADV * Q1 */Q0 * /OE * /WE* MUX
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S6 = /RDYRCV * Q3 * ADV */Q1 */Q0 * OE */WE * MUX
S§7 = /RDYRCV */Q3 */ADV * Q1 * Q0 * OE * /WE* MUX
S8 = /RDYRCV * Q3 * ADV */Q1 * QO * OE */WE* MUX
S9 = RDYRCV * Q3 */ADV */Q1 */Q0 * OE * /WE* MUX

S10= /RDYRCV * Q3 * ADV * Q1 */Q0 * OE * /WE* MUX
S11= /RDYRCV * Q3 */ADV */Q1 * Q0 * OE * /WE* MUX
S$13 = /RDYRCV * Q3 */ADV * Q1 */Q0 * /OE * WE* MUX
S14 = /RDYRCV * Q3 */ADV * Q1 * QO * /OE * WE* MUX
S15= RDYRCV * Q3 */ADV * Q1 * QO * /OE * /WE* MUX

; state transitions -
(/ADS * /W_R * CFG) ->S1
(/ADS * /W_R * /CFG) ->S85

SO :=

+

+ (JADS* W_R)
S1:= /CS

+ CS
S2:= VCC
S3:= (/BLAST)
S4:= /BLAST

+ (BLAST * CFG)

+ (BLAST * /CFG)
S5:= VCC
S6:= VCC
S7:= VCC
S8:= VCC
S9:= /BLAST

+  BLAST
S10:= VCC
S1l:= VCC
S13:= CS

+ /CS
S14:= VCC
S15:= BLAST

+  /BLAST
EQUATIONS

; implement RESET

-> 813
+-> S0
> 82
-> S0
->83
-> S0
+-> 54
-> S0
>S4
->S11
-> S6
-> 87
-> S8
>89
-> S0
->S10
>S4
>S4
-> S0
->S14
->S15
->S13
-> S0

GLOBAL.RSTF =/RESET

; READ cycle

; WRITE cycle

; else, stay

; 28F016XS selected, init configurations

; 28F016XS selected, optimized configured

; 1 double word read
; else, continue
; burst read finished

; continue, optimized configuration
; continue, initial configuration

; BLAST - end of the burst read transaction

; write cycle control

; BLAST - end of burst write transaction

; implement 2-bit burst counter - registered counter equations
CTR1 := (/WR *LD * A3 * /A2) + (WR * LD * A3) + (/LD * INC * CTRO * /CTR1)

+ (/LD * INC * /CTRO * CTR1) + (/LD * /INC * CTR1)

CTRO := (/WR *LD * /A2) + (WR * LD * A2) + (/LD * INC * /CTRO) + (/LD * /INC * CTRO)
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PLD file for the standard 28F016XS interface to the i960 JF Microprocessor described in Section 4.0.

Title 28F016XS/i960® JF Microprocessor Interface State Machine
Pattern PDS

Revision 1

Authors Example

Company Intel Corporation - Folsom, California

Date 8-16-94

CHIP STATEMACHINE 85C22V10

; inputs

PIN 1 CLK

PIN ADS ; address status - i960 FJ microprocessor
PIN W_R ; W/R# - 1960 FJ microprocessor

PIN BLAST ; burst last - 1960 JF microprocessor

PIN CS ; chip setect

PIN CFG ; 28F016XS/i960 JF microprocessor config status set input
PIN A2 ; Abit2

PIN A3 ; Abit3

PIN RESET ; resets all FFs in device

PIN 25 GLOBAL ; virtual pin to implement reset

; outputs -

PIN CTRO ; burst counter out - 28F016XS-A1

PIN CTR1 ; burst counter out - 28F016XS-A2

PIN /WE ; write enable - 28F016XS

PIN /OE ; output enable - 28F016XS

PIN /RDYRCV ; wait-state control

PIN Qo ; state variables

PIN Q1

PIN /ADV ; state variable and address valid - 28F016XS
PIN Q3

; burst counter control signals
STRING LD '(/ADS)' ; load
STRING INC'(/ADV +/RDYRCV * Q3 * Q1 * Q0)' ' ; increment

STATE MOORE_MACHINE
DEFAULT_BRANCH SO

; state assignments

S0 = /RDYRCV * /Q3 * /ADV * /Q1 * /Q0 * /OE * /WE
St = /RDYRCV * /Q3 * ADV */Q1 * /QO * /OE * /WE
S2 = /RDYRCV */Q3 * ADV */Q1 * Q0 * OE * /WE
S3 = /RDYRCV */Q3 * ADV * Q1 */Q0 * OE * /WE
S4 = RDYRCV */Q3 * ADV * Q1 * Q0 * OE * /WE
S5 = RDYRCV */Q3 * /ADV */Q1 * QO * OE * /WE
S6 = /RDYRCV */Q3 * /ADV * Q1 * /Q0 * /OE * /WE
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S7 = /RDYRCV * Q3 * ADV */Q1 */Q0 * OE * /WE
S8 = /RDYRCV */Q3 */ADV * Q1 * QO * OE * /WE
S9 = /RDYRCV * Q3 * ADV */Ql * Q0 * OE * /WE
S10= RDYRCV * Q3 * /ADV */Q1 * /Q0 * OE * /WE
S11= /RDYRCV * Q3 * ADV * Q1 */Q0 * OE * /WE
S12= /RDYRCV * Q3 * /ADV */Q1 * Q0 * OE * /WE
S13 = /RDYRCV * Q3 */ADV * Q1 * /QO0 * /OE * WE
S14= /RDYRCV * Q3 */ADV * Q1 * QO * /OE * WE
S15= RDYRCV * Q3 */ADV * Q1 * QO * /OE * /WE

; State transitions

nununnn
= \0 003

SO0:= (/ADS */W_R) ->S1 ; READ cycle
+ (/ADS * W_R) ->S13 ; WRITE cycle
+-> S0 ; else, stay
S1:= (/CS */CFG) -> S6 ; 28F016XS selected, init configurations
+ (/CS * CFG) -> 82 ; 28F016XS selected, optimized configured
N +> S0 ; else, return to idle state
S2:= VCC -> 83
S3:= VCC -> S84 ; 28F016XS is configured to wait 4 clocks
:|S4:= (/BLAST * ADS) -> S0 ; 1 double word read
+->85 ; else, continue
S5:= /BLAST -> S0 ; burst read finished
+ (BLAST * CFG) -> 85 ; continue, optimized configuration
+ (BLAST * /CFG) ->S12  ;.continue, initial configuration
= VCC ) >87 .
= VCC -> S8
= VCC -> 89
= VCC ->S10
0:= /BLAST -> S0 ; BLAST - end of the burst read transaction
+ BLAST -> S11
Sl1:= VCC -> S5
S12:= VCC -> S5
S13:= CS -> S0 ; write cycle control
+ /CS ->S14
S14:= VCC -> S15
| S15:= BLAST ->S813  ; BLAST - end of burst write transaction
+ /BLAST -> S0 :
EQUATIONS
; implement RESET

GLOBAL.RSTF =/RESET
; implement 2-bit burst counter - registered counter equations
CTR1 := (LD * A3) + (/LD * INC * CTRO * /CTR1)
+ (/LD * INC * /CTRO * CTR1) + (/LD * /INC * CTR1)
CTRO := (LD * A2) + (/LD * INC * /CTRO) + (/LD * /INC * CTRO)
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APPENDIX B
BENCHMARK PERFORMANCE
ANALYSIS

The following section provides detailed memory technology information used in the performance analysis (UDP/IP
Networking and Imaging Benchmarks) contained in the introduction. The performance analysis was based on actual
memory component performance in an i960 processor-based environment. System interface delay between
microprocessor and memory was not included in the analysis. The two benchmarks illustrate relative system memory
performance.

A. 28F016XS Flash Memory

28F016XS is capable of 3-1-1-1-1-1-1-1. . 'read performance at 5.0V V- and 33 MHz or 25 MHz
(2-0-0-0-0-0-0-0. . .in terms of wait-states). The benchmarking analysis is shown below:

UDP/IP Networking Benchmark Imaging Benchmark
Time (sec) Time (sec)

i960 KB-25 1.30 1.64
Microprocessor '

{960 CA-33 .89 .89
Microprocessor

i960 CF-33 .53 .59
Microprocessor

B. 16-Mbit DRAM

16-Mbit DRAMs were, at the time this technical paper was published, only beginning to ramp into production. Only
advance information for the wider x16, 16-Mbit DRAMs was available for use in the calculations that follow.

Sequential reads allow use of the DRAM fast page mode. Assumed DRAM specifications are shown below:

o 80nstgac, 40ns tyn (5.0V Vo)
e 256 word (512 byte) page buffer

Therefore, 16-Mbit DRAMs are capable of 3-2-2-2-2-2-2-2. . .read performance at 33 MHz and 25 MHz
(2-1-1-1-1-1-1-1 in terms of wait-states. . .). The benchmarking analysis is shown below:

UDP/IP Networking Benchmark Imaging Benchmark
Time (sec) Time (sec)

i960 KB-25 1.88 1.89
Microprocessor

{960 CA-33 1.06 1.03
Microprocessor

i960 CF-33 .59 .64
Microprocessor
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C. 4-Mbit EPROM
Calculations that follow used the x16 version of the 4-Mbit EPROM (Intel 27C400 or equivalent).
The assumed 5.0V V¢ 4-Mbit EPROM random access time is 150 ns. Therefore, 4-Mbit EPROMs are capable of 5-5-

5-5-5-5-5-5. . .read performance at 5.0V Ve and 33 MHz (4-4-4-4-4-4-4-4. . .in terms of wait-states). The
benchmarking analysis is shown below: )

UDP/IP Networking Benchmark Imaging Benchmark
Time (sec) Time (sec)

i960 KB-25 NA NA
Microprocessor

i960 CA-33 1.56 1.49
Microprocessor ‘

i960 CF-33 .78 .81
Microprocessor

D. 16-Mbit PAGED MASK ROM

Calculations that follow used the x16 version of the 16-Mbit paged mask ROM, which is not yet widely available from
multiple vendors. The x8, 16-Mbit paged mask ROM is the more common version today.

Sequential reads allow use of the mask ROM page mode. The assumed 5.0V Ve 16-Mbit mask ROM random access
time is 150 ns, with 75 ns accesses in page mode (4-word page). Therefore, 16-Mbit mask ROMs are capable of 5-3-3-
3-5-3-3-3. . .read performance at 5.0V V¢ and 33 MHz (4-2-2-2-4-2-2-2. . .in terms of wait-states). The benchmarking
analysis is shown below:

UDP/IP Networking Benchmark Imaging Benchmark (sec)
Time (sec) Time (sec)

i960 KB-25 NA NA
Microprocessor

i960 CA-33 1.35 1.30
Microprocessor

i960 CF-33 71 .73
Microprocessor B
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In contrast, Intel flash memory is inherently nonvolatile,
and the single transistor cell design of Intel’s ETOX
manufacturing process is extremely scaleable, allowing
the development of continuously higher densities and
steady cost improvement over SRAM (Figure 2).

MEMORY CELL SIZE (u2)

' ! L L

2.0 1.5 1.2 10

I I\
0.8 0.7 0.6 0.5

MINIMUM FEATURE SIZE (4)
296101-1

Figure 2

— EPROM (electrically programmable read-only
memory) is a mature, high-density, nonvolatile
technology which provides a degree of
updatability not found in ROM. An OEM may
program EPROM as needed to accommodate
code changes or varying manufacturing unit
quantities. Once programmed, however, the
EPROM may only be erased by removing it from
the system and then exposing the memory
component to ultraviolet light—an impractical
and time-consuming procedure form many OEMs
and a virtually impossible task for end-users.

Unlike EPROM, flash memory is electrically re-writable
within the host system, making it a much more flexible
and easier to use alternative. Flash memory offers
OEMs not only high density and nonvolatility, but
higher functionality and the ability to differentiate their
systems. ‘

Intel EEPROM
ETOX Flash
Transistors 1 2
Cell Size 15 38
(1-Micro Lithography)
Cycling Features 0.1% 5%
Figure 3

— EEPROM (electrically erasable programmable
read-only memory) is nonvolatile and electrically
byte-erasable. Such byte-alterability is needed in
certain applications but involves a more complex

FLASH MEMORY OVERVIEW

cell structure, and significant trade-offs in terms
of limited density, lower reliability and higher
cost, making it unsuitable as a mainstream
memory.

Unlike EEPROM, Intel flash memory technology
utilizes a one-transistor cell, allowing higher densities,
scalability, lower cost, and higher reliability, while
taking advantage of in-system, electrical erasability
(Figure 3).

— DRAM (dynamic random access memory) is a
volatile memory known for its density and low
cost. Because of its volatility, however it requires
not only a constant power supply to retain data,
but also an archival storage technology, such as
disk, to back it up.

Partnered with hard disks for permanent mass storage,
DRAM technology has provided a low-cost, yet space
and power-hungry solution for today’s PCs.

With ETOX process technology, Intel manufactures a
flash memory cell that is 30% smaller than equivalent
DRAM cells. Flash memory’s scalability offers a price
advantage as well, keeping price parity with DRAM,
and also becoming more attractive as a hard disk
replacement in portable systems as densities grow and
costs decline.

Intel flash memory combines advantages from each of
these memory technologies. In embedded memory
applications, flash memory provides higher-performance
and more flexibility than ROM and EPROM, while
providing higher density and better cost effectiveness
than battery-backed SRAM and EEPROM. Moreover,
the true nonvolatility and low power consumption
characteristics of flash memory make it a compelling
alternative to DRAM in many applications.

ETOX Il TECHNOLOGY

Unlike other approaches to flash memory, Intel ETOX is
a proven technology. As its name suggest, ETOX (or
“EPROM tunnel oxide”) technology evolved from
EPROM. With 95% process compatibility with EPROM,
ETOX taps experience gained from a mature high-
volume manufacturing base pioneered by Intel in the
1970s.

Representing the third generation of Intel flash memory
technology, the ETOX III 0.8 p process delivers 100,000
write cycles per block. This capability significantly
exceeds the cycling requirements of even the most
demanding applications.
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The DD28F032SA contains three types of Status
Registers to accomplish various functions:

e A Compatible Status Register (CSR) which is
100% compatible with the 2BFO08SA FlashFile
memory’s Status Register. This register, when
used alone, provides a straightforward upgrade
capability to the DD28F032SA from a
28F008SA-based design.

o A Global Status Register (GSR) which informs
the system of command Queue status, Page
Buffer status, and overall Write State Machine
(WSM) status.

e 64 Block Status Registers (BSRs) which
provide block-specific status information such
as the block lock-bit status.

The GSR and BSR memory maps for Byte-Wide
and Word-Wide modes are shown in Figures 4
and 5.

The DD28F032SA incorporates an open drain
RY/BY# output pin. This feature allows the user to
OR-tie many RY/BY# pins together in a multiple
memory configuration such as a Resident Flash
Array. Other configurations of the RY/BY# pin are
enabled via special CUl commands and are
described in detail in the 16-Mbit Flash Product
Family User's Manual.

The DD28F032SA also incorporates three chip-
enable input pins, CEy#, CE# and CE,#. The
active low combination of CE# and CE,# controls
the first 28F016SA. The active low combination of
CE,# and CE,# controls the second 28F016SA.

ADVANCE INFORMATION

DD28F032SA

The BYTE# pin allows either x8 or x16 read/writes
to the DD28F032SA. BYTE# at logic low selects
8-bit mode with address A, selecting between low
byte and high byte. On the other hand, BYTE# at
logic high enables 16-bit operation with address A,
becoming the lowest order address and address
Aq is not used (don't care). A device block diagram
is shown in Figure 1.

The DD28F032SA incorporates, an Automatic
Power Saving (APS) feature which substantially
reduces the active current when the device is in
static mode of operation (addresses not
switching).

A deep power-down mode of operation is invoked
when the RP# (called PWD# on the 28F008SA)
pin is driven low. This mode provides additional
write protection by acting as a device reset pin
during power transitions. In the Deep Power-
Down state, the WSM is ‘reset (any current
operation will abort) and the CSR, GSR and BSR
registers are cleared.

A CMOS standby mode of operation is enabled
when either CEg#, or both CE# and CE,#,
transition high and RP# stays high with all input
control pins at CMOS levels.

2.0 DEVICE PINOUT

The DD28F032SA Standard 56L-Dual Die TSOP
Type | pinout configuration is shown in Figure 2.
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2.1 Lead Descriptions

Symbol

Type

]
inteal.
Name and Function

Ao

INPUT

BYTE-SELECT ADDRESS: Selects between high and low byte when
device is in x8 mode. This address is latched in x8 Data Writes. Not used
in x16 mode (i.e., the A, input buffer is turned off when BYTE# is high).

A1 -A1s

INPUT

WORD-SELECT ADDRESSES: Select a word within one 64-Kbyte block.
Ag-15 selects 1 of 1024 rows, and A+.5 selects 16 of 512 columns. These
addresses are latched during Data Writes.

At - A2o

INPUT

BLOCK-SELECT ADDRESSES: Select 1 of 64 Erase blocks. These
addresses are latched during Data Writes, Erase and Lock-Block
operations.

DQop - DQ7

INPUT/OUTPUT

LOW-BYTE DATA BUS: Inputs data and commands during CUI write
cycles. Outputs array, buffer, identifier or status data in the appropriate
read mode. Floated when the chip is de-selected or the outputs are
disabled.

DQs - DQis

INPUT/OUTPUT

HIGH-BYTE DATA BUS: Inputs data during x16 Data-Write operations.
Outputs array, buffer or identifier data in the appropriate read mode; not
used for Status register reads. Floated when the chip is de-selected or the
outputs are disabled.

CEq#
CEx# =
CE,#or
CE#

INPUT

CHIP ENABLE INPUTS: Activate the device’s control logic, input buffers,
decoders and sense amplifiers. CE# or CE,# enable/disable the first
28F016SA (16 Mbit No. 1) while CE#, CE,# enable/disable the second
28F016SA (16 Mbit No. 2). CEq# active low enables chip operation while
CE,# or CE,# select between the first and second device, respectively.
CE# or CE,# must not be active low simultaneously. Reference Table
3.0.

RP#

INPUT

RESET/POWER-DOWN: RP# low places the device in a Deep Power-
Down state. All circuits that burn static power, even those circuits enabled
in standby mode, are turned off. When returning from Deep Power-Down,
a recovery time of 400 ns is required to allow these circuits to power-up.
When RP# goes low, any current or pending WSM operation(s) are
terminated, and the device is reset. All Status registers return to ready
(with all status flags cleared).

OE#

| INPUT

OUTPUT ENABLE: Gates device data through the output buffers when
low. The outputs float to tri-state off when OE# is high.

NOTE:
CEx# overrides OE#, and OE# overrides WE#.

WE#

INPUT

WRITE ENABLE: Controls access to the CUI, Page Buffers, Data Queue
Registers and Address Queue Latches. WE# is active low, and latches
both address and data (command or array) on its rising edge.
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6.4 DC Characteristics

Ve =3.3V £ 0.3V, Tp = 0°C to +70°C
3/5# = Pin Set High for 3.3V Operations

Symbol Parameter Notes | Min | Typ | Max | Units Test Conditions
I Input Leakage 1 +2 pA Vee = Voo Max,
Current VN = Vg or GND
o Output Leakage 1 +20 pA Vee = Voo Max,
Current Vin = Ve or GND
ICCS VCC Standby 1,5,6 100 200 LIA VCC = VCC Max,
Current ' CEg#, CEx#, RP#, = Vo £
0.2v
BYTE#, WP#, 3/5# = Vo £
0.2V or GND + 0.2V

2 8 mA VCC= VCC Max,

CEo#, CEx#, RP# = VlH
BYTE#, WP#, 3/5# = V|, or
Vi

leep Vec Deep Power- 1 2 10 bA RP# = GND £ 0.2V

Down Current BYTE# = Vg + 0.2V or
GND + 0.2V

ICCR1 VCC Read Current 1,4,5, 25 30 mA VCC = Vcc Max

6 CMOS: CE#, CEx# = GND
+0.2V '

BYTE# = GND + 0.2V or
Vcc + 0.2V

Inputs = GND £ 0.2V or V¢
+ 0.2V '
f=6.67 MHz, IOUT =0mA
26 34 mA | TTL: CEg#, CEx# =V,
BYTE# = V"_ or V|H

INPUTS =V, or Vi,

f= 6.67 MHZ, IOUT =0 mA
lccw Ve Write Current 1,7 8 12 mA | Word/Byte Write in Progress
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6.11 Erase and Word/Byte Write Performance, Cycling Performance and Suspend
Latency(1.3)

Vg =33V £ 0.3V, Vpp = 12.0V £ 0.6V, To = 0°C to +70°C

Sym Parameter Notes| ‘Min Typ(f) Max | Units | Test Conditions
Page Buffer Byte Write Time | 2,4 3,26 Note 6 us
Page Buffer Word Write 24 6.53 Note 6 Us
Time
twhrn1 | Word/Byte Write Time 2 9 Note 6 Us
twhnrH2 | Block Write Time 2 0.6 2.1 Sec | Byte Write Mode
twhrH3 | Block Write Time 2 0.3 1.0 Sec | Word Write Mode
Block Erase Time 2 0.8 10 Sec
Full Chip Erase Time 2 51.2 Sec
Erase Suspend Latency 7.0 Us
Time to Read ’
Auto Erase Suspend Latency 10.0 Us
Time to Write
Erase Cycles 5 100,000 | 1,000,000 Cycles
VCC =5.0V = 05V, Vpp =12.0V = OBV, TA =0°C to +70°C
Sym Parameter Notes| Min Typ(1) Max | Units | Test Conditions
Page Buffer Byte Write Time | 2,4 2.76 Note 6 us
Page Buffer Word Write 2,4 5.51 Note 6 Us
Time
twhrn1| Word Byte/Write Time 2 6 Note 6 us
twhrn2 | Block Write Time 2 0.4 241 Sec | Byte Write Mode
twhrH3 | Block Write Time 2 0.2 1.0 Sec | Word Write Mode
Block Erase Time 2 0.6 10 Sec
Full Chip Erase Time 2 38.4 Sec
Erase Suspend Latency 5.0 us
Time to Read
Auto Erase Suspend Latency 8.0 us
Time to Write
Erase Cycles 5 100,000 | 1,000,000 Cycles
NOTES:
1. 25°C, Voo = 3.3V or 5.0V nominal, 10K cycles.
2. Excludes system-level overhead.
3. These performance numbers are valid for all speed versions.
4. This assumes using the full Page Buffer to Write to Flash (256 bytes or 128 words).
5. 1,000,000 cycle performance assumes the application uses block retirement techniques.
6. This information will be available in a technical paper. Please call Intel's Application hotline or your local sales office for

more information.
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DEVICE NOMENCLATURE/ORDERING INFORMATION

DIDI2I8IFI0I3[2ISIAI-101710

DUAL DIE ACCESS SPEED (ns)
70 ns
100 ns

NOTES:

Two valid combinations of speeds exist:
DD28F032SA-070, DD28F032SA-080, DD28F032SA-120
or ’

DD28F032SA-100, DD28F032SA-150

Option Order Code Valid Combinations
Vee =3.3V Vee =5.0V Vce = 5.0V

+ 0.3V, 50 pF + 5%, 30 pF = 10%, 100 pF
1 DD28F032SA 070 | DD28F032SA-150 | DD28F032SA-070 | DD28F032SA-080
2 DD28F032SA 100 | DD28F032SA-150 DD28F032SA-100

ADDITIONAL INFORMATION
Order Item
Number

297372 16-Mbit Flash Product Family User's Manual

290489 28F016SA 16-Mbit FlashFile™ Memory Data Sheet

290528 28F016SV FlashFile™ Memory Data Sheet

290429 28F008SA Data Sheet

292159 AP-607 “Multi-Site Layout Planning w/Intel's FlashFile™ Components Including ROM
Compatibility”

202144 AP 393 “28F016SV Compatibility with 28F016SA”

292127 AP 378 “System Optimization Using the Enhanced Features of the 28F016SA”
292126 AP 377 “28F016SA Software Drivers”

292124 AP 375 “Upgrade Considerations from the 28FO08SA to the 28F016SA”

292123 AP 374 “Flash Memory Write Protection Techniques”

292092 AP 357 “Power Supply Solutions For Flash Memory”

294016 ER 33 “ETOX™ Flash Memory Technology—Insight to Intel's Fourth Generation
Process Innovation”

297508 FLASHBUuilder Design Resource Tool

297534 Small and Low-Cost Power Supply Solution for Intel’s Flash Memory Products
(Technical Paper)

Please check with Intel Literature for availability.
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DATASHEET REVISION HISTORY .
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Number Description
001 Original Version
002 Never Published
003 Full Datasheet with Specifications
CE,#, CE4# control 28F016SA No. 1
CE#, CE,i# control 28F016SA No. 2
004 Lead Descriptions: Block Select Addresses: Select 1

of 64 Erase Blocks
DC Characteristics (3.3V Vcg): Iccr?! (TTL):
BYTE# =V|_or Vi4
Full Chip Erase Time (3.8V Vcc) = 51.2 sec typ
Full Chip Erase Time (5.0V Vcc) = 38.4 sec typ
Minor cosmetic changes ‘
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28F016SV, 16-Mbit
FlashFile™ Memory Datasheet
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28F016SV FlashFile™ MEMORY

2.1 Lead Descriptions (Continued)

Symbol

Type

Name and Function

RY/BY#

OPEN DRAIN
OUTPUT

READY/BUSY: Indicates status of the internal WSM. When low, it
indicates that the WSM is busy performing an operation. RY/BY# floating
indicates that the WSM is ready for new operations (or WSM has
completed all pending operations), or Erase is Suspended, or the device
is in deep power-down mode. This output is always active (i.e., not floated
to tri-state off when OE# or CE#, CE,# are high), except if a RY/BY# Pin
Disable command is issued.

WP#

INPUT

WRITE PROTECT: Erase blocks can be locked by writing a nonvolatile
lock-bit for each block. When WP# is low, those locked blocks as
reflected by the Block-Lock Status bits (BSR.6), are protected from
inadvertent Data Writes or Erases. When WP# is high, all blocks can be
written or erased regardless of the state of the lock-bits. The WP# input
buffer is disabled when RP# transitions low (deep power-down mode).

BYTE#

INPUT

BYTE ENABLE: BYTE# low places device in x8 mode. All data is then
input or output on DQg_7, and DQg_45 float. Address A, selects between
the high and low byte. BYTE# high places the device in x16 mode, and
turns off the A, input buffer. Address A4, then becomes the lowest order
address. ‘

Vep

SUPPLY

WRITE/ERASE POWER SUPPLY (12.0V x 0.6V, 5.0V + 0.5V) : For
erasing memory array blocks or writing words/bytes/pages into the flash
array. Vpp = 5.0V x 0.5V eliminates the need for a 12V converter, while
connection to 12.0V + 0.6V maximizes Write/Erase Performance.

NOTE:
Successful completion of write and erase attempts is inhibited with Vpp at
or below 1.5V. Write and Erase attempts with Vpp between 1.5V and
4.5V, between 5.5V and 11.4V, and above 12.6V produce spurious
results and should not be attempted.

Vee

SUPPLY

DEVICE POWER SUPPLY (3.3V = 0.3V, 5.0V x 0.5V, 5.0 x 0.25V):
Internal detection configures the device for 3.3V or 5.0V operation. To
switch 3.3V to 5.0V (or vice versa), first ramp V¢ down to GND, and then
power to the new V. voltage.

Do not leave any power pins floating.

GND

SUPPLY

GROUND FOR ALL INTERNAL CIRCUITRY:
Do not leave any ground pins floating.

NC

NO CONNECT:
Lead may be driven or left floating.

ADVANCE INFORMATION
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4.4 28F016SV—Performance Enhancement Command Bus Definitions

Command Mode | Notes First Bus Cycle Second Bus Cycle Third Bus Cycle
Oper | Addr | Data | Oper | Addr Data Oper | Addr Data
Read Extended 1 Write X xx71H | Read RA GSRD
Status Register BSRD
Page Buffer Swap 7 Write X xx72H
Read Page Buffer Write xx75H | Read PA | PD
Single Load to Write xx74H | Write PA PD
Page Buffer
Sequential Load to x8 4,6,10 | Write X xxEOH | Write X BCL Write X BCH
Page Buffer
x16 | 4,5,6,10 | Write X | xxEOH | Write X WCL Write X WCH
Page Buffer Write x8 | 34,9,10| Write X | xxOCH | Write Ao | BC(LH) | Write WA | BC(H,L)
to Flash
x16 | 4,510 | Write X | xxOCH | Write X WCL Write | WA WCH
Two-Byté Write x8 3 Write X | xxFBH| Write | Ao | WD(L,H)| Write WA | WD(H,L)
Lock Block/Confirm Write X xx77H | Write BA xxDOH
Upload Status 2 Write X xx97H | Write X xxDOH
Bits/Confirm
Upload Device 11 Write X | xx98H | Write | © X xxDOH
Information/Confirm
Erase All Unlocked Write X xxA7H | Write X xxDOH
Blocks/Confirm
RY/BY# Enable to 8 Write | X [>x96H| Write | X | xx01H
Level-Mode
RY/BY# 8 Write X xx96H | Write X xx02H
Pulse-On-Write
RY/BY# 8 Write X | xx96H | Write X xx03H
Pulse-On-Erase
RY/BY# Disable 8 Write X xx96H | Write X xx04H
RY/BY# Pulse-On- 8. Write X xx96H | Write X xx05H
Write/Erase
Sleep 12 Write X | xxFOH
Abort Write X xx80H
ADDRESS DATA
BA = Block Address AD = Array Data WC (L,H) = Word Count (Low, High)
PA = Page Buffer Address PD = Page Buffer Data BC (L,H) = Byte Count (Low, High)
RA = Extended Register Address BSRD = BSR Data WD (L,H) = Write Data (Low, High)

WA = Write Address
X = Don’'t Care

286
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NOTES:

1.
2.

3.

©® N O

10.
11.

12.

13.

RA can be the GSR address or any BSR address. See Figures 4 and 5 for Extended Status Register memdry maps.

Upon device power-up, all BSR lock-bits come up locked. The Upload Status Bits command must be written to reflect the
actual lock-bit status.

A, is automatically complemented to load second byte of data. BYTE# mustbe at V.
A, value determines which WD/BC is supplied first: Ay = 0 looks at the WDL/BCL, A, = 1 looks at the WDH/BCH.

BCH/WCH must be at 00H for this product because of the 256-byte (128-word) Page Buffer size, and to avoid writing the
Page Buffer contents to more than one 256-byte segment within an array block. They are simply shown for future Page
Buffer expandability.

In x16 mode, only the lower byte DQy; is used for WCL and WCH. The upper byte DQg 45 is a don't care.

PA and PD (whose count is given in cycles 2 and 3) are supplied starting in the fourth cycle, which is not shown.

This command allows the user to swap between available Page Buffers (0 or 1).

These commands reconfigure RY/BY# output to one of three pulse-modes or enable and disable the RY/BY# function.

Write address, WA, is the Destination address in the flash array which must match the Source address in the Page Buffer.
Refer to the 16-Mbit Flash Product Family Users Manual.

BCL = 00H corresponds to a byte count of 1. Similarly, WCL = 00H corresponds to a word count of 1.

After writing the Upload Device Information command and the Confirm command, the following information is output at
Page Buffer addresses specified below:

Address Information

06H, 07H (Byte Mode) Device Revision Number

03H (Word Mode) Device Revision Number

1EH (Byte Mode) Device Configuration Code

OFH (DQg_7)(Word Mode) Device Configuration Code

1FH (Byte Mode) Device Proliferation Code (01H)

OFH (DQg_45)(Word Mode) Device Proliferation Code (01H)

A page buffer swap followed by a page buffer read sequence is necessary to access this information. The contents of all
other Page Buffer locations, after the Upload Device Information command is written, are reserved for future implementation
by Intel Corporation. See Section 4.8 for a description of the Device Configuration Code. This code also corresponds to
data written to the 28F016SV after writing the RY/BY# Reconfiguration command.

To ensure that the 28F016SV’s power consuption during Sleep Mode reaches the Deep Power-Down current level, the
system also needs to de-select the chip by taking either or both CE_# or CE # high.

The upper byte of the data bus (Dg-15) during command writes is a “Don’t Care” in x16 operation of the device.
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5.0 ELECTRICAL SPECIFICATIONS
5.1 Absolute Maximum Ratings*

Temperature Under Bias.................... 0°C to +80°C
Storage Temperature............ccouues —65°C to +125°C

Vee = 3.3V £ 0.3V Systems

intgl.

NOTICE: This datasheet contains information on
products in the sampling and initial production
phases of development. The specifications are
subject to change without notice. Verify with your
local Intel Sales office that you have the latest
datasheet before finalizing a design.

*WARNING: Stressing the device beyond the
“Absolute Maximum Ratings” may cause
permanent damage. These are stress ratings
only. Operation beyond the “Operating
Conditions” is not recommended and extended
exposure beyond the "Operating Conditions" may
affect device reliability. i

Sym Parameter Notes | Min | Max | Units Test Conditions
Ta | Operating Temperature, Commercial 1 0 70 °C | Ambient Temperature
Vee | Ve with Respect to GND 2 02| 7.0
Vep | Vep Supply Voltage with Respect to GND 2,3 -0.2 | 14.0
V | Voltage on any Pin (except V¢,Vpp) with 2,5 -0.5 | Vgo \
Respect to GND +051|
I | Current into any Non-Supply Pin 5 +30 | mA
lout | Output Short Circuit Current 4 100 | mA
Ve = 5.0V + 0.5V, 5.0V x 0.25V Systems(®)
Sym Parameter Notes | Min | Max | Units Test Conditions
Ta Operating Temperature, Commercial 1 0 70 °C | Ambient Temperature
Vee | Vee with Respect to GND 2 02| 7.0
Vpp | Vpp Supply Voltage with Respect to GND 23 | -02 | 14.0
\ Voltage on any Pin (except Vc,Vpp) with 25 20| 70 \
Respect to GND
I Current into any Non-Supply Pin 5 +30 | mA
lout | Output Short Circuit Current 4 100 | mA
NOTES:

1. Operating temperature is for commercial product defined by this specification.

2. Minimum DC voltage is -0.5V on input/output pins. During transitions, this level may undershoot to -2.0V for periods <20 ns.
Maximum DC voltage on input/output pins is Vg + 0.5V which, during transitions, may overshoot to V¢ + 2.0V for periods

<20 ns.

. This specification also applies to pins marked “NC.”

o oA
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Maximum DC voltage on Vpp may overshoot to +14.0V for periods <20 ns.
. Output shorted for no more than one second. No more than one output shorted at a time.

. 5% V¢ specifications refer to the 28F0165V-065 and 28F016SV-070 in its high speed test configuration.
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5.3 DC Characteristics (Continued)
Ve = 3.3V £ 0.3V, T = 0°C to +70°C

Sym Parameter Notes | Min | Typ | Max | Units Test Conditions

lcew Vec Write Current 1,6 8 12 mA | Word/Byte Write in Progress
Vpp =12.0V £ 5%

8 17 mA | Word/Byte Write in Progress
Vpp = 5.0V + 10%

lcce V¢ Block Erase 1,6 6 12 mA | Block Erase in Progress
Current Vpp =12.0V £ 5%
9 17 mA | Block Erase in Progress
Vpp =5.0Vx10%
lCCES VCC Erase 1,2 1 4 mA CEo#, CE1# = VIH
Suspend Current Block Erase Suspended
Ipps Vpp Standby/Read 1 +1 | £10 PA | Vpp< Ve
IPPR Current 30 200 "IA VPP > Vcc
IppD Vpp Deep Power- 1 0.2 5 LA RP# = GND 0.2V
Down Current
lppw Vpp Write Current 1,6 10 15 mA | Vpp=12.0V £ 5%

Word/Byte Write in Progress
15 | 25 mA | Vpp=5.0V+10%
Word/Byte Write in Progress
IppE Vpp Erase Current 1,6 4 10 mA | Vpp=12.0V £ 5%

Block Erase in Progress

14 20 mA | Vpp=5.0V+10%

Block Erase in Progress

IPPES VPP Erase 1 30 50 |JA Vpp = VPPH1 or VPPHZ’ Block
Suspend Current Erase Suspended
Vi Input Low Voltage 6 -0.3 0.8 \Y
ViH Input High Voltage 6 20 Vee Vv
+
0.3
VoL Output Low 6 0.4 \' Ve = Ve Min and
Voltage loL =4 mA
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5.4 DC Characteristics (Continued)
Veg = 5.0V £ 0.5V, 5.0V £ 0.25V, T = 0°C to +70°C

intgl.

Sym Parameter Notes | Min | Typ | Max | Units Test Conditions
lccw Vcc: Write Current 1,6 25 35 mA | Word/Byte in Progress
Vpp = 12.0V £ 5%
25 40 mA | Word/Byte in Progress
Vpp =5.0V + 10%
lcce Vcc Block Erase 1,6 18 25 mA Block Erase in Progress
Current Vpp = 12.0V £ 5%
20 30 mA Block Erase in Progress
Vpp =5.0V £ 10%
lcces Vcc Erase 1,2 2 4 mA CE#, CE# =V
Suspend Current Block Erase Suspended
lpps Vpp Standby/Read 1 +1 | £10 pA Vpp < Vee
lppR Current 30 200 HA Vpep > Voo
lppp Vpp Deep Power- 1 0.2 5 HA RP# = GND + 0.2V
Down Current
lppw Vpp Write Current 1,6 7 12 mA | Vpp=12.0V £ 5%
Word/Byte Write in Progress
17 | 22 mA | Vpp=5.0V £ 10%
Word/Byte Write in Progress
lppe Vpp Block Erase 1,6 5 10 mA | Vpp=12.0V 5%
Current Block Erase in Progress
’ 16 20 mA | Vpp=5.0V = 10%
Block Erase in Progress
IpPES Vpp Erase 1 30 50 HA Vep = VppHi or VppH2s Block
Suspend Current Erase Suspended
ViL Input Low Voltage 6 -0.5 0.8 \
Viu Input High Voltage 6 2.0 Vee \
+0.5
290
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5.4 DC Characteristics (Continued)
Veg = 5.0V = 0.5V, 5.0V + 0.25V, T, = 0°C to +70°C

Sym Parameter Notes | Min | Typ | Max | Units Test Conditions
VOL OUtpUt Low 6 0.45 \Y VCC = VCC Min
Voltage lop =5.8 mA
Voul Output High 6 0.85 \ lop =-2.5 mA
Voltage Vee Vee = Voo Min
VOH2 6 VCC IOH =-100 IJA
-04 VCC = VCC Min
VPPLK Vpp Write/Erase 3,6 0.0 15 \)
Lock Voltage
VPPH'I Vpp during 4.5 5.0 55 \Y
Write/Erase
Operations
Vppua Vpp during 114 | 120 [ 126 | V
Write/Erase
Operations
VLKO VCC Write/Erase 2.0 \Y
Lock Voltage
NOTES:

1. All currents are in RMS unless otherwise noted. Typical values at Vg = 5.0V, Vpp = 12.0V or 5.0V, T =25°C. These
currents are valid for all product versions (package and speeds) and are specified for a CMOS rise/fall time (10% to 90%) of
<5 ns and a TTL rise/fall time of <10 ns.

2. lgces is specified with the device de-selected. If the device is read while in erase suspend mode, current draw is the sum of
leces and lggg,

3. Block Erases, Word/Byte Writes and Lock Block operations are inhibited when Vpp < Vpp ¢ and not guaranteed in the
ranges between Vpp «(max) and Vppy,(min), between Vppy, (max) and Vppy,(min) and above Vppyp(max).

4. Automatic Power Saving (APS) reduces locg to 1 mA typical in Static operation.

CMOS Inputs are either V¢ + 0.2V or GND + 0.2V. TTL Inputs are either Vy_or V.

6. Sampled, not 100% tested. Guaranteed by design.

o
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e XX ™ T XK
NOTE?
2900538_15
NOTES:
1. This address string depicts Data Write/Erase cycles with corresponding verification via ESRD.
2. This address string depicts Data Write/Erase cycles with corresponding verification via CSRD.
3. This cycle is invalid when using CSRD for verification during Data Write/Erase operations.
4. CExi is defined as the latter of CE# or CE,# going low or the first of CE,# or CE,# going high.
5. RP# low transition is only to show tgp,; not valid for above Read and Write cycles.
6. Vpp voltage during Write/Erase operations valid at both 12.0V and 5.0V.
7. Vpp voltage equal to or below Vpp  provides complete flash memory array protection.
Figure 15. AC Waveforms for Command Write Operations
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28F016SV FlashFile™ MEMORY
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NOTES:
This address string depicts Data Write/Erase cycles with corresponding verification via ESRD.
This address string depicts Data Write/Erase cycles with corresponding verification via CSRD.
This cycle is invalid when using CSRD for verification during Data Write/Erase operations.
CEx# is defined as the latter of CE# or CE# going low or the first of CE# or CE,# going high.
RP# low transition is only to show tgp ; not valid for above Read and Write cycles.
Vpp voltage during Write/Erase operations valid at both 12.0V and 5.0V.
Vpp voltage equal to or below Vpp ¢ provides complete flash memory array protection.

Noo,wb~

Figure 16. Alternate AC Waveforms for Command Write Operations
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5.12 Erase and Word/Byte Write Performance(3.5)
Ve = 3.3V 0.3V, Vpp = 5.0V + 0.5V, T = 0°C to +70°C

Sym Parameter Notes | Min | Typ() | Max | Units Test Conditions
Page Buffer Byte Write 2,6 TBD 8.0 TBD us
Time
Page Buffer Word Write 2,6 TBD 16.0 TBD us
Time
twarn1A | Byte Write Time 2 TBD 29.0 TBD us
twrurn1B | Word Write Time 2 TBD 35.0 TBD Hs
twHRH2 Block Write Time 2 TBD 1.9 TBD sec | Byte Write Mode
twhrnd | Block Write Time 2 TBD 1.2 TBD sec | Word Write Mode
Block Erase Time 2 TBD 14 TBD sec
Full Chip Erase Time 2 TBD 44.8 TBD sec
Erase Suspend 4 1.0 12 75 Hs
Latency Time to Read
Auto Erase Suspend 4.0 15 80 s
Latency Time to Write

Vg = 3.3V £ 0.3V, Vpp = 12.0V 2 0.6V, T, = 0°C to +70°C

Sym Parameter Notes | Min | Typ(® | Max | Units Test Conditions
Page Buffer Byte Write | 2,6 8D 22 TBD s
Time
Page Buffer Word 2,6 TBD 44 TBD us
Write Time

twarn1 | Word/Byte Write Time 2 5 9 TBD us
twuru2 | Block Write Time 2 TBD 0.6 2.1 sec | Byte Write Mode
twurn3 | Block Write Time 2 TBD 0.3 1.0 sec | Word Write Mode
Block Erase Time 2 0.3 0.8 10 sec
Full Chip Erase Time 2 T8D | 256 | TBD sec
Erase Suspend 4 1.0 9 55 us
Latency Time to Read
Auto Erase Suspend 4.0 12 60 s

Latency Time to Write
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5.12 Erase and Word/Byte Write Performance(3:5) (Continued)
Vee = 5.0V £ 0.5V, 5.0V  0.25V, Vpp = 5.0V 0.5V, T = 0°C to +70°C

Sym Parameter Notes | Min | Typ() | Max | Units | Test Conditions
Page Buffer Byte Write Time 26 | TBD | 80 | TBD s
Page Buffer Word Write Time | 2,6 | TBD | 160 | TBD | ps
twuru1A | Byte Write Time 2 TBD | 20 | TBD | ps

twury1B | Word Write Time 2 | TBD | 25 | TBD | ps
twuru2 | Block Write Time 2 TBD | 14 | TBD | sec | Byte Write Mode
twuru3 | Block Write Time 2 TBD | 0.85 | TBD | sec | Word Write Mode
Block Erase Time 2 | TBD | 10 | TBD | sec
Full Chip Erase Time 2 TBD | 320 | TBD | sec
Erase Suspend Latency Time 4 1.0 9 55 s
to Read -
Auto Erase Suspend Latency 3.0 12 60 Hs
Time to Write

Voo = 5.0V £ 0.5V, 5.0V £ 0.25V, Vpp = 12.0V = 0.6V, T = 0°C to +70°C

Sym Parameter Notes | Min | Typ(!) | Max | Units | Test Conditions
Page Buffer Byte Write Time 26 | TBD | 24 | TBD ps
Page Buffer Word Write Time | 26 | TBD | 41 | TBD ps
twurel | Word/Byte Write Time 2 45 6 TBD | ps

twiru2 | Block Write Time 2 TBD | 04 | 21 sec | Byte Write Mode
twuru3 | Block Write Time 2 TBD | 02 1.0 | sec | Word Write Mode

Block Erase Time 2 0.3 0.6 10 sec

Full Chip Erase Time 2 TBD | 192 | TBD | sec

Erase Suspend Latency Time 4 1.0 7 40 us

to Read

Auto Erase Suspend Latency 3.0 10 45 Hs

Time to Write

NOTES:

1. 25°C, and nominal voltages.

2. Excludes system-level overhead.

3. These performance numbers are valid for all speed versions.
4

Specification applies to interrupt latency for Single Block Erase. Suspend latency for Erase All Unlocked Block operation
extends the maximum latency time to 270 ps.

Sampled, but not 100% tested. Guaranteed by design.
Assumes using the full Page Buffer to write to flash (256 Bytes or 128 Words).

o o
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The 28F016SA contains three types of Status
Registers to accomplish various functions:

o A Compatible Status Register (CSR) which is
100% compatible with the 28F008SA FlashFile
memory’s Status Register. This register, when
used alone, provides a straightforward
upgrade capability to the 28F016SA from a
28F008SA-based design.

o A Global Status Register (GSR) which informs
the system of command Queue status, Page
Buffer status, and overall Write State Machine
(WSM) status.

o 32 Block Status Registers (BSRs) which
provide block-specific status information such
as the block lock-bit status.

The GSR and BSR memory maps for Byte-Wide
and Word-Wide modes are shown in Figures 5
and 6.

The 28F016SA incorporates an open drain
RY/BY# output pin. This feature allows the user to
OR-tie many RY/BY# pins together in a multiple
memory configuration such as a Resident Flash
Array.

Other configurations of the RY/BY# pin are
enabled via special CUl commands and are
described in detail in the 16-Mbit Flash Product
Family User’'s Manual.

The 28F016SA also incorporates a dual chip-
enable function with two input pins, CEo# and
CEs#. These pins have exactly the same
functionality as the regular chip-enable pin CE# on
the 28F008SA. For minimum chip designs, CE1#
may be tied to ground and use CEo# as the chip
enable input. The 28F016SA uses the logical
combination of these two signals to enable or
disable the entire chip. Both CEo# and CE1# must
be active low to enable the device and, if either
one becomes inactive, the chip will be disabled.
This feature, along with the open drain RY/BY#
pin, allows the system designer to reduce the
number of control pins used in a large array of
16-Mbit devices.

PRELIMINARY

28F016SA

The BYTE# pin allows either x8 or x16 read/writes
to the 28F016SA. BYTE# at logic low selects 8-bit
mode with address Ag selecting between low byte
and high byte. On the other hand, BYTE# at logic
high enables 16-bit operation with address A1
becoming the lowest order address and address
Ao is not used (don’t care). A device block diagram
is shown in Figure 1.

The 28F016SA is specified for a maximum access
time of 70 ns (tacc) at 5.0V operation (4.75V to
5.25V) over the commercial temperature range (0°
C to +70°C). A corresponding maximum access
time of 120 ns at 3.3V (3.0V to 3.6V and 0°C to
+70°C) is achieved for reduced power
consumption applications.

The 28F016SA incorporates an Automatic Power
Saving (APS) feature which substantially reduces
the active current when the device is in static
mode of operation (addresses not switching).

In APS mode, the typical Icc current is 1 mA at
5.0V (0.8 mA at 3.3V).

A deep power-down mode of operation is invoked
when the RP# (called PWD on the 28F008SA) pin
transitions low. This mode brings the device power
consumption to less than 1.0 pA, typically, and
provides additional write protection by acting as a
device reset pin during power transitions. A reset
time of 400 ns is required from RP# switching high
until outputs are again valid. In the Deep Power-
Down state, the WSM is reset (any current
operation will abort) and the CSR, GSR and BSR
registers are cleared.

A CMOS standby mode of operation is enabled
when either CEo# or CEs# transitions high and
RP# stays high with all input control pins at CMOS
levels. In this mode, the device typically draws an
Icc standby current of 50 pA.

2.0 DEVICE PINOUT
The 28F016SA 56 lead TSOP Type | pinout

configuration is shown in Figure 2. The 56 lead
SSOP pinout configuration is shown in Figure 3.
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5.11 Erase and Word/Byte Write Performance, Cycling Performance and
Suspend Latency(1:3)
Vce =3.3V + 0.3V, Vpp = 12.0V £ 0.6V, Ta = 0°C to +70°C

Sym Parameter Notes Min Typ Max | Units | Test Conditions
Page Buffer Byte Write Time | 1,2,4 3.26 Note 6 us
Page Buffer Word Write Time | 1,2,4 6.53 Note 6 us
twhrH1 | Word/Byte Write Time 1,2 9 Note6 | ps
twHrH2 | Block Write Time 1,2 0.6 21 Sec | Byte Write Mode
twrrH3 | Block Write Time 1,2 0.3 1.0 Sec | Word Write Mode
Block Erase Time 1,2 0.8 10 Sec
Full Chip Erase Time 1,2 25.6 Sec
Erase Suspend Latency Time 7.0 us
to Read
Auto Erase Suspend Latency 10.0 us
Time to Write
Erase Cycles 5 100,000 | 1,000,000 Cycles
Vee =5.0V £ 0.5V, Vpp = 12.0V + 0.6V, Ta = 0°C to +70°C
Sym Parameter Notes | Min Typ Max | Units | Test Conditions
Page Buffer Byte Write Time | 1,2,4 2.76 Note 6 us
Page Buffer Word Write Time | 1,2,4 5.51 Note 6 us
twarn1 | Word Byte/Write Time 1,2 6 Note 6 us
twrrH2 | Block Write Time 1,2 0.4 2.1 Sec | Byte Write Mode
twHrH3 | Block Write Time 1,2 0.2 1.0 Sec | Word Write Mode
Block Erase Time : 1,2 0.6 10 Sec
Full Chip Erase Time 1,2 19.2 Sec
Erase Suspend Latency Time 5.0 us
to Read )
Auto Erase Suspend Latency 8.0 us
Time to Write
Erase Cycles 5 | 100,000 | 1,000,000 Cycles
NOTES: ‘
1. 25°C, Vpp = 12.0V nominal, 10K cycles.
2. Excludes system-level overhead.
3. These performance numbers are valid for all speed versions.
4. This assumes using the full Page Buffer to Write Flash (256 bytes or 128 words).
5. Typical 1,000,000 cycle performance assumes the application uses block retirement techniques.
6. This information will be available in a technical paper. Please call Intel's Application Hotline or your local Intel Sales office

for more information.
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9.0 DEVICE NOMENCLATURE AND ORDERING INFORMATION

28F016SA

D

A

2

8|F

0|1

6

S

Al -

0

l4

0

DA = COMMERCIAL TEMPERATURE
56-LEAD SSOP

E = COMMERCIAL TEMPERATURE
56-LEAD TSOP

I_'_l

ACCESS SPEED

70 ns
100 ns

Valid Combinations
Option Order Code Vee =3.3V £ 0.3V, Vee = 5.0V = 10%, Vce = 5.0V x 5%,
50 pF Load 100 pF Load 30 pF Load

1 E28F016SA-070 E28F016SA-120 E28F016SA-080 E28F016SA-070
2 E28F016SA-100 E28F016SA-150 E28F016SA-100

3 DA28F016SA-070 DA28F016SA-120 DA28F016SA-080 DA28F016SA-070
4 DA28F016SA-100 DA28F016SA-150 DA28F016SA-100

9.1 References
Order Number Document/Tool

297372 16-Mbit Flash Product Family User’s Manuall

290490 DD28F032SA 32-Mbit FlashFile™ Memory Datasheet

290528 28F016SV FlashFile™ Memory Datasheet

290435 28F008SA 8-Mbit FlashFile™ Memory Datasheet

292159 AP-607 Multi-Site Layout Planning with Intel’s Flash File™ Components

292144 AP-393 28F016SV Compatibility with 28F016SA

292127 AP-378 System Optimization Using the Enhanced Features of the 28F016SA

292126 AP-377 28F016SA Software Drivers

292124 AP-375 Upgrade Considerations from the 28F008SA to the 28F016SA

292123 AP-374 Flash Memory Write Protection Techniques

292092 AP-357 Power Supply Solutions for Flash Memory
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Order Number Document/Tool
294016 ER-33 ETOX™ Flash Memory Technology - Insight to Intel’s Fourth Generation
Process Innovation )
297534 Small and Low-Cost Power'SuppIy solution for Intel’s Flash Memory Products
(Technical Paper)
297508 FLASHBuilder Design Resource Tool

9.2 Revision History

Number

Description

001

Original Version

002

— Added 56 Lead SSOP Package

—Separated AC Reading Timing Specs taveL, tavaL for Extended Status Register
Reads

— Modified DEVICE NOMENCLATURE

— Added ORDERING INFORMATION

— Added Page Buffer Typical Write Performance numbers

— Added Typical Erase Suspend Latencies

— For Iccp (Deep Power-Down current, BYTE# must be at CMOS levels)
— Added SSOP package mechanical specifications

003

— Renamed referenced “28F016SA User’s Manual” as “16-Mbit Flash Product Family
User's Manual :

—Section 5.11: Renamed specification “Erase Suspend Latency Time to Write” as “Auto
Erase Suspend Latency Time to Write”

— Minor cosmetic changes
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Extended Temperature
28F016SA, 16-Mbit

Flashiile™ Memory Datasheet
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2.1 Lead Descriptions

Lead Descriptions

Symbol

Type

Name and Function

Ao

INPUT

BYTE-SELECT ADDRESS: Selects between high and low byte when device is
in x8 mode. This address is latched in x8 Data Writes. Not used in x16 mode
(i.e., the A, input buffer is turned off when BYTE# is high).

A1-A1s

INPUT

WORD-SELECT ADDRESSES: Select a word within one 64-Kbyte block. Ag-15
selects 1 of 1024 rows, and A1-s selects 16 of 512 columns. These addresses
are latched during Data Wirites.

A1—-A20

INPUT

BLOCK-SELECT ADDRESSES: Select 1 of 32 Erase blocks. These addresses
are latched during Data Writes, Erase and Lock-Block operations.

DQo-DQ7

INPUT/
OUTPUT

LOW-BYTE DATA BUS: Inputs data and commands during CUI write cycles.
Outputs array, buffer, identifier or status data in the appropriate read mode.
Floated when the chip is de-selected or the outputs are disabled.

DQg-DQi1s

INPUT/
OUTPUT

HIGH-BYTE DATA BUS: Inputs data during x16 Data-Write operations.
Outputs array, buffer or identifier data in the appropriate read mode; not used
for Status Register reads. Floated when the chip is de-selected or the outputs
are disabled.

CEq#, CE,#

INPUT

CHIP ENABLE INPUTS: Activate the device’s control logic, input buffers,
decoders and sense amplifiers. With either CEq# or CE,# high, the device is de-
selected and power consumption reduces to standby levels upon completion of
any current Data-Write or Erase operations. Both CEq#, CE4# must be low to
select the device.

All timing specifications are the same for both signals. Device Selection occurs
with the latter falling edge of CEy# or CE#. The first rising edge of CEy# or
CE,# disables the device.

RP#

INPUT

RESET/POWER-DOWN: RP# low places the device in a Deep Power-Down
state. All circuits that burn static power, even those circuits enabled in standby
mode, are turned off. When returning from Deep Power-Down, a recovery time
of 550 ns at 5.0V V is required to allow these circuits to power-up.

When RP# goes low, any current or pending WSM operation(s) are terminated,
and the device is reset. All Status Registers return to ready (with all status flags
cleared).

Exit from Deep Power-Down places the device in read array mode.

OE#

INPUT

OUTPUT ENABLE: Gates device data through the output buffers when low.
The outputs float to tri-state off when OE# is high.

NOTE:
CExit overrides OE#, and OE# overrides WE#.

WE#

INPUT

WRITE ENABLE: Controls access to the CUIl, Page Buffers, Data Queue
Registers and Address Queue Latches. WE# is active low, and latches both
address and data (command or array) on its rising edge.

Page Buffer addresses are latched on the falling edge of WE#.

RY/BY#

OPEN
DRAIN
OUTPUT

READY/BUSY: Indicates status of the internal WSM. When low, it indicates that
the WSM is busy performing an operation. RY/BY# high indicates that the WSM
is ready for new operations (or WSM has completed all pending operations), or
Erase is Suspended, or the device is in deep power-down mode. This output is
always active (i.e., not floated to tri-state off when OE# or CE,#, CE,# are
high), except if a RY/BY# Pin Disable command is issued.
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Figure 14. Page Buffer Write Timing Waveforms
(Loading Data to the Page Buffer)

'5.11 Erase and Word/Byte Write Performance, Cycling Performance and
Suspend Latency(1, 3) : EXTENDED TEMPERATURE OPERATION

“Vgg = 3.3V £ 0.3V, Vpp = 12.0V 2 0.6V, Ty = —40°C to +85°C

Symbol Parameter Notes| Min Typ(1) Max Units | Test Conditions
Page Buffer Byte Write Time | 1,2,4 3.26 us
Page Buffer Word Write Time| 1,2,4 6.53' ‘ s
twuml | Word/Byte Write Time 12 | 9 us
twhrn2 - [Block Write Time 1,2 0.6 sec . |Byte Write Mode
twHreS  [Block Write Time ‘ l 1,2 0.3 ' sec Word Write Mode
Block Erase Time 1,2 1.5 sec
" |Full Chip Erase Time 1.2 48 sec . |
Erase Suspend Latency - : 7.0 us
Time to Read )
Auto Erase Suspend Latency ‘ 10.0 us
Time to Read )
Erase Cycles ‘ . '5- | 100,000 1,000,000 .Cycles
306
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5.11 Erase and Word/Byte Write Performance (1:3) (Continued): EXTENDED
TEMPERATURE OPERATION

Voo = 5.0V 2 0.5V, Vpp = 12.0V 0.6V, T, = -40°C to +85°C

Sym Parameter Notes| Min Typ() | Max| Units Test Conditions
Page Buffer Byte Write Time | 1,2,4 2.76 Note Us
6
Page Buffer Word Write Time | 1,2,4 5.51 Note Us
6
twhrn | Word Byte/Write Time 1, 6 Note Us
twhrn | Block Write Time 1,2 0.4 21 sec Byte Write Mode
twhrH | Block Write Time 1,2 i 0.2 1.0 sec | Word Write Mode
Block Erase Time 1,2 1.2 10 sec
Full Chip Erase Time 1,2 41.6 sec
Erase Suspend Latency 5.0 Us
Time to Read
Erase Suspend Latency 8.0 Us
Time to Write
Erase Cycles 5 100,000 { 1,000,000 Cycles
NOTES:
1. 25°C, and normal voltages.
2. Excludes system-level overhead.
3. These performance numbers are valid for all speed versions.
4. This assumes using the full Page Buffer to Write to Flash (256 bytes or 128 words).
5. Typical 1,000,000 cycles performance assumes the application uses block retirement techniques.
6. This information will be available in a technical paper. Pleas call intel’s application Hotline or your local sales office for

more information.
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DEVICE NOMENCLATURE

DIT [218[F|0[1]6IS[A |-]1110]0

DT = EXTENDED ACCESS SPEED
56-LEAD SSOP
100 ns (5V), 150 ns
290541-16
Valid Combinations
Order Code Vee =3.3V £ 0.3V Vce =5.0V = 10%
DT28F016SA-100 DT28F016SA-150 DT28F016SA-100

ADDITIONAL INFORMATION

Item Order
Number
16-Mbit Flash Product Family User’s Manual 297372
Commercial Temperature 28F016SA 16-Mbit FlashFile™ Memory 290489
Datasheet
Commercial Temperature 28F016SV SmartVoltage 16-Mbit FlashFile™ 290528
Memory Datasheet
28F008SA 8 Mbit FlashFile™ Memory Datasheet 290429
AP 393 28F016SV Compatibility with 28F016SA 292144
AP 378 System Optimization Using the Enhanced Features of the 28F016SA 292127
AP 377 28F016SA Software Drivers 292126
AP 375 Upgrade Considerations from the 28F008SA to the 28F016SA 292124
AP-357 Power Supply Solutions for Flash Memory 292092
ER 33 ETOX™ Flash Memory Technology—Insight to Intel's Fourth Generation 294016
Process Innovation

Please check with Intel Literature for availability.
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DATA SHEET REVISION HISTORY

Number Description
001 Criginal Version
002 Renamed referenced “28F016SA User’s Manual” as 16-Mbit Product Family User’s
Manual”

Section 5.11: Renamed specification “Erase Suspend Latency Time to Write” as “Auto
Erase Suspend Latency Time to Write”

Section 2.1 RP# recovery time is 550 ns

Minor cosmetic changes
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Refer to the DC Characteristics Table, Section 4.2
(commercial temperature) and Section 5.2
(extended temperature), for complete current and
voltage specifications. Refer to the AC
Characteristics Table, Section 4.3 (commercial
temperature) and Section 5.3 (extended
temperature), for read, write and erase performance
specifications.

1.3 Applications

The 4-Mbit boot block flash memory family
combines high-density, low-power, high-
performance, cost-effective flash memories with
blocking and hardware protection capabilities. Their
flexibility and versatility reduce costs throughout the
product life cycle. Flash memory is ideal for Just-In-
Time production flow, reducing system inventory
and costs, and eliminating component handling
during the production phase.

When your product is in the end-user’s hands, and
updates or feature enhancements become
necessary, flash memory reduces the update costs
by allowing user-performed code changes instead
of costly product returns or technician calls.

The 4-Mbit boot block flash memory family provides
full-function, blocked flash memories suitable for a
wide range of applications. These applications
include extended PC BIOS and ROM-able
applications storage, digital cellular phone program
and data storage, telecommunication boot/firmware,
printer firmware/font storage and various other
embedded applications where program and data
storage are required.

Reprogrammable systems such as personal
computers, are ideal applications for the 4-Mbit
flash memory products. Increasing software
sophistication greatens the probability that a code

PRODUCT PREVIEW

4-MBIT SmartVoltage BOOT BLOCK FAMILY

update will be required after the PC is shipped. For
example, the emerging of “plug and play” standard
in deskiop and portable PCs enables auto-
configuration of ISA and PCl add-in cards.
However, since the “plug and play” specification
continues to evolve, a flash BIOS provides a cost-
effective capability to update existing PCs. In
addition, the parameter blocks are ideal for storing
the required auto-configuration parameters,
allowing you to integrate the BIOS PROM and
parameter storage EEPROM into a single
component, reducing parts costs while increasing
functionality.

The 4-Mbit flash memory products are also
excellent design solutions for digital cellular phone
and telecommunication switching applications
requiring very low power consumption, high-
performance, high-density storage capability,
modular software designs, and a small form factor
package. The 4-Mbit’s blocking scheme allows for
easy segmentation of embedded code with
16 Kbytes of hardware-protected boot code, four
main blocks for program code, and two 8-Kbyte
parameter blocks for frequently updated data
storage and diagnostic messages (e.g., phone
numbers, authorization codes).

Intel’s high integration flash architecture provides a
flexible voltage solution for the different design
needs of various applications. The asymmetrically
blocked memory map allows the integration of
several memory components into a single flash
device. The boot block provides a secure boot
PROM; the parameter blocks can emulate
EEPROM functionality for parameter store with
proper software techniques; and the main blocks
provide code and data storage with access times
fast enough to execute code in place, decreasing
RAM requirements.
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ADDRESS
Al16:18] : M LATCHES
o LE
Aghis > AgAsg
80C188EB
ALE
‘ ADDRESS 28F004-T
ADgAD, <1,__ M LATCHES
LE
> DQ,-DQ,
ucs# - CE#
cC
%-10K.Q
WR# o WE#
RD# OE#
RESIN# Y - RP#
L System Reset
P1.X Vep
P1.X WP#

Figure 2. 28F004 interface to Intel80C188EB 8-Bit Embedded Microprocessor

14 Pinouts.

Intel's SmartVoltage Boot Block architecture
provides upgrade paths in most package pinout to
the 8-Mbit density. The 28F004 40-lead TSOP
pinout for space-constrained designs is shown in
Figure 3. The 28F400 44-lead PSOP pinout follows
the industry-standard ROM/EPROM pinout, as
shown in Figure 4. For designs that require x16
operation but have space concermns, refer to the
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48-lead pinout in Figure 5. Furthermore, the 28F400
56-lead TSOP pinout shown in Figure 6 provides
backwards compatibility with exisiting 28F400BX
designs.

Pinouts for the corresponding 2-Mbit and 8-Mbit
components are also provided for convenient
reference. 4-Mbit pinouts are given on the chip
illustration in the center, with 2-Mbit and 8-Mbit
pinouts going outward from the center.
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28F008B 28F002B

A A
16 16
Ags Ais
ﬁm 214
13 13
A || A2
A1 Aq1
Ag Ag
Ag Ag
WE# WE#
RP# RP#
Vep || Vep
WP# WP#
Ag || NC
Ay || A7
Ag Ag
A || A
Ay Ai
A3 Aj
Az Az
Aq A4
NOTE:

28F002B 28F008B

Aqe T
A1s—
Ala——
Az
A
A1

Ag—]

AgC—]
WE# —]
RP# —]
Vpp ]

D=

Ag ]

As—]
A—]
Ay——
A —

A —]

O©CONOOU HWN =

(¢)

28F004B
40-Lead TSOP
10mm x 20 mm

TOP VIEW

40
39
38
37
36
35
34
33
32
31
30
29
28
27
26
25
24
23
22
21

1. Pin 12is DU for BX/BL 12V Vpp Versions.
2. The 28F008B pinout shown is for the 8-Mbit boot block and not the 28FO08SA FlashFile™ memory.

—— A7 | Az || Az
—— oND | GND || GND
— NC NC )
=%
— Ao | Ao Ao
— DQ; | bQ; || pQy
— 1 DQg DQg DQg
— pbag | bas || pag
— DQ, DQy4 DQy4
—— Vec | Vec || Vee
—— Vcc | Vec || Vee
— NC NC NC
—1DQ; | DQg || DQg
— pQ, | DQ, || DQ;
— pQ, | DQY || DQy
—DpQ, | DQg || DQy
—— OE# | OE# || OE#
— GND | GND || GND
—— Cce# | CE# || CE#
— Aq Ao Ao
290530_03

Figure 3. The 40-Lead TSOP Offers the Smallest Form Factor for Space-Constrained Applications

28F800 28F200
Vep Vep
qp’ WP#
A7 NC
A, A;
Ag Ag
As As
Ay A,
As Aq
A, A,
A, Ay
Ay Ao
CE# CE#
GND GND
OE# OE#
DQ, DQy
DQg DQg
DQ; DQ 4
DQ, DQ,
pQ, pQ,
DQ 4o DQ 1o
DQj, DQ,
DQ 44 DQ 44

Ver

WP# ]
&2
A7

As
As]
A
A
Ax
AT
Ao
CE# [
GND I
OE#
DQ, O
DQg O
DQ;
DQy ]
DQ,
DQ 0}
DQ; O
DQ

PA28F400
44-Lead PSOP
0.525" x 1.110"

TOP VIEW

44
43
42
4
40
39
38
37
36
35
34
33
32
31
30
29
28
27
26
25
24
23

[ RP#
I WE#
(A8
(1A,
:Aw
A
A2
:!Am
A1
A5
A6
I BYTE#
[IGND
(1DQ, /A
1DQ ;
[DQ 44
[DQg
JDQ 45
[1DQ 5
[JDQ
[DQ,
[(IVce

28F200 28F800
RP# RP#
WE# WE#
Ag Ag
Ag Ag
A1 Ao
Aqy Ay
Ay, A
Ay Aga
Aty Ay
Ass Ass
A Ay
BYTE# BYTE#
GND GND
DQ,/A, | | Da/A,
DQ, DQ,
DQ 4 DQ 44
DQ, DQs
DQ 3 DQ 43
DQs DQs
DQ 2 DQ 12
DQ, DQ,
Vee Vee

290530_04

NOTE: Pin 2 is DU for BX/BL 12V Vpp Versions, but for the 8-Mbit device, pin 2 has been changed to A;g (WP# on 2/4 Mbit).
Designs planning on upgrading to the 8-Mbit density from the 2/4-Mbit density in this package should design pin 2 to control
WP# functionality at the 2/4-Mbit level and allow for pin 2 to control A,4 after upgrading to the 8-Mbit density.
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Figure 4. The 44-Lead PSOP Offers a Convenient Upgrade from JEDEC ROM Standards
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Register is set to a “1” to indicate a Program
Failure. If bit 3 is set to a “1,” then Vpp was not
within acceptable limits, and the WSM did not
execute the programming sequence. [f the program
operation fails, bit 4 of the Status Register will be
set within 1.5 ms as determined by the timeout of
the WSM.

The Status Register should be cleared before
attempting the next operation. Any CUI instruction
can follow after programming is completed;
however, reads from the Memory Array, Status
Register, or Intelligent Identifier cannot be
accomplished until the CUI is given the Read Array
command.

3.34 ERASE MODE

Erasure of a single block is initiated by writing the
Erase Setup and Erase Confirm commands to the
CUI, along with the addresses identifying the block
to be erased. These addresses are latched
internally when the Erase Confirm command is.
issued. Block erasure results in all bits within the
block being set to “1.”

The WSM will execute a sequence of internally
timed events to:

Program all bits within the block to “0.”

2. Verify that all bits within the block are
sufficiently programmed to “0.”

3. Erase all bits within the block.

4. Verify that all bits within the block are
sufficiently erased.

While the erase sequence is executing, bit 7 of the
Status Register is a “0.”

When the Status Register indicates that erasure is
complete, the status bits, which indicate whether
the Erase operation was successful, should be
checked. If the Erase operation was unsuccessful,
bit 5 of the Status Register will be set to a “1,”
indicating an Erase Failure. If Vpp was not within
acceptable limits after the Erase Confirm command
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is issued, the WSM will not execute an erase
sequence; instead, bit 5 of the Status Register is
set to a “1” to indicate an Erase Failure, and bit 3 is
set to a “1” to identify that Vpp supply voltage was
not within acceptable limits.

The Status Register should be cleared before
attempting the next operation. Any CUI instruction
can follow after erasure is completed; however,
reads from the Memory Array, Status Register, or
Intelligent Identifier cannot be accomplished until
the CUI is given the Read Array command.

3.3.4.1 Suspending and Resuming Erase
Since an erase operation requires on the order of
seconds to complete, an Erase Suspend command
is provided to allow erase-sequence interruption in
order to read data from another block of the
memory. Once the erase sequence is started,
writing the Erase Suspend command to the CUI
requests that the WSM pause the erase sequence
at a predetermined point in the erase algorithm. The
Status Register must then be read to determine if
the erase operation has been suspended.

At this point, a Read Array command can be written
to the CUI in order to read data from blocks other.
than that which is being suspended. The only other
valid command at this time is the Erase Resume
command or Read Status Register command.

During erase suspend mode, the chip can go into a
pseudo-standby mode by taking CE# to Viu, which
reduces active current draw.

To resume the erase operation, the chip must be
enabled by taking CE# to V), then issuing the
Erase Resume command. When the Erase Resume
command is given, the WSM will continue with the
erase sequence and complete erasing the block. As
with the end of a standard erase operation, the
Status Register must be read, cleared, and the next
instruction issued in order to continue.
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Write 40H,
Word/Byte Address

v

Write Word/Byte
Data/Address

v

Read
Status Register

Full Status
Check if Desired

Bus Command Comments
Operation
Write Setup Data = 40H
Program Addr = Word/Byte to Program
Wwrite Program Data = Data to Program
rogra Addr = Location to Program
Read Status Register Data
Toggle CE# or OE#
to Update SRD.
Standby Check SR.7
1 =WSM Ready
0 = WSM Busy
Repeat for subsequent Word/Byte Writes.
SR Full Status Check can be done after each Word/Byte
Write, or after a sequence of Word/Byte Writes.
Write FFH after the last write operation to reset device to
read array mode.

Word/Byte Program
Complete
FULL STATUS CHECK PROCEDURE

Read Status Register
Data (See Above)

Vpp Range Error
Word/Byte Program
Error

Word/Byte Program
Successful

Bus Command Comments
Operation
Standby Check SR.3
1=Vpp Low Detect
Standby Check SR.4
1 = Word/Byte Program Error

SR.3 MUST be cleared, if set during a program attempt,
before further attempts are allowed by the Write State Machine.

SR.4 is only clear by the Clear Status Register Command,
in cases where multiple bytes are programmed before full
status is checked.

If error is detected, clear the Status Register before attempting

retry or other error recovery.

290530_09
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Figure 9. Automated Word/Byte Programming Flowchart
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1]

®
Bus Command Comments
Operation
N Write Erase Setup Data = 20H
Write 20H, Witk
Block Address Addr = Within Block to be Erased
i Write Erase Data = DOH
Confirm Addr = Within Block to be Erased
Write DOH and
Block Address
Read Status Register Data
* Toggle CE# or OE#
to Update Status Register
Read Status
Register
Suspend Erase
Loop Standby Check SR.7
1= WSM Ready
0 = WSM Busy
Repeat for subsequent block erasures.
Full Status Check can be done after each block erase,
or after a sequence of block erasures.
Write FFH after the last operation to reset device to read
Full Status array mode.
Check if Desired
Block Erase
Complete
FULL STATUS CHECK PROCEDURE
Read Status Register Bus Command Comments
Data (See Above) Operation
Standby Check SR.3
1=Vpp Low Detect
Vpp Range Error
Standby Check SR.4,5
Both 1 = Command
Sequence Error
Command Sequence Standby Check SR.5
Error 1 = Block Erase Error
SR.3 MUST be cleared, if set during an erase attempt, before further
attempts are allowed by the Write State Machine.
Block Erase
Error SR.5 is only clear by the Clear Status Register Command, in
0 cases where multiple blocks are erase before full status is checked.
If error is detected, clear the Status Register before attempting
Block Erase retry or other error recovery.
Successful
290530_10
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Figure 10. Automated Block Erase Flowchart
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ADDRESS
Al16:17] : D LATCHES
»| LE
Aghis > AgAq7
80C188EB
ALE
ADDRESS 28F002-T
ADFAD, <:_: LATCHES
LE
DQ,-DQ,
ucs# CE#
WR# WE#
RD# OE#
RESIN# o RP#
L System Reset
P1.X Vep
P1.X 00— WP#

290531-02

Figure 1. 28F002 Interface to Intel80C188EB 8-Bit Embedded Microprocessor

1.4 Pinouts

Intel's SmartVoltage Boot Block architecture
provides upgrade paths in every package pinout to
the 8-Mbit density. The 28F002 40-lead TSOP
pinout for space-constrained designs is shown in
Figure 3. The 28F200 44-lead PSOP pinout follows
the industry-standard ROM/EPROM pinout, as
shown in Figure 4. For designs that require x16
operation but have space concerns, refer to the

ADVANCE INFORMATIO

48-lead pinout in Figure 5. Furthermore, the 28F200
56-lead TSOP pinout shown in Figure 6 provides
density upgrades to the 28F400BV as well as
backwards compatibility with existing 28F200BX/BL
designs.

Pinouts for the corresponding 4-Mbit and 8-Mbit
components are also provided for convenient
reference. 2-Mbit pinouts are given on the chip
illustration in the center, with 4-Mbit and 8-Mbit
pinouts going outward from the center.
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28F008B 28F004B 28F004B 28F008B
A || A | As—=— 1 O 0 E A7 | A7 || Aw
15 15 | Ais—] 2 39 = GND | GND || GND

Aqg Ay | Auc— 3 38 = NC NC N
A1 || A1 | Ae— 4 37 =aNC | NC (f_b
12 12 12 5 36 /3 Aqo Ao 10
A1 A1y 11—y 6 35 =DpQ; | DbQ; || DQy
Ag Ag | Ag— 7 34 E—DQg | DQg || DQg
M=k 1=EElE
40-LEAD TSOP DQy DQ4 DQy

R4 || BP# | RPPC] 10 $omm x 20 mm BB Ve | Voo || Voo
we# | | wes | wpee——] 12 TOP VIEW 20 F N | N || N
A &@ Nc—] 13 28 = DpQ; | DQs || DQg
A; 7| A, 14 27 = DpQ, | DQ, || DQj
As A6 A6= 15 26 :DQ1 DQ1 DQ1
A5 A5 A5= 16 25 — DQq DQg DQO
Ag Ay Aj—] 17 24 F—— OE# OE# OE#
As Az | Aj— 18 23 I GND | GND || GND
A, Ay | A— 19 22 — CE# | CE# || CE#

A1 A1 A1= 20 21 =/ AO Ag Ao

290531_03
NOTES:

1. Pin 12is DU for BX/BL 12V Vpp Versions.
2. The 28F008B pinout shown is for the 8-Mbit boot block and not the 28FO08SA FlashFile™ memory.

Figure 3. The 40-Lead TSOP Offers the Smallest Form Factor for Space-Constrained Applications

28F800 28F400 28F400 28F800
Vep Vep Verd 10 44 [ RP# RP# RP#
WP# wr#d 2 43 [ WE# WE# WE#
A17 NC g 3 42 [ As Ag Asg
A, A7 A 4 4189A, As Ag
AG As As[: 5 40 :Am A1o A1o
Asg Asg Ascg 6 PA28F200 39 A1 A A1
Aa ~ A} 7 g4leadpsor BEIAw A Ae
As As Asc] 8 ossrxtat0r 37 [3A At At
Az Az A 9 36 A1 A A1s
Ay Ay A, 10 35 A5 Ass Ass
Ao Ao Ao 11 TOP VIEW 34 A6 Ase A
CE# CE# ce#C] 12 33 aBYTE# BYTE# BYTE#
GND GND GNDL 13 32 IGND GND GND
OE# OE# oEs# ] 14 31 DQ, /A, | DQ/A, DQ,5/A 4
DQ, DQo DQ, 15 30 mbQ-, DQ DQ;
DQg DQg DQg CA16 29 MDA 14 DQ 14 DQ s
DQ;, DQ4 DQ 3 17 28 FIDQs DQse DQs
DQg DQg DQgy ] 18 27 |DQ 3 DQ 13 DQ 13
DQ, DQ, DQ, 19 26 DQs DQs DQs
DQ 1o DQ 1o DQ o 20 25 pQ 12 DQ 12 DQ 12
DQs DQ3s DQ, ] 21 24 pq, DQ4 DQ4
DQ 14 DQ 11 DQ ] 22 23 Vee Vee Vee
290531_04

NOTE: Pin 2 is DU for BX/BL 12V Vpp Versions, but for the 8-Mbit device, pin 2 has been changed to A;g (WP# on 2/4 Mbit).
Designs planning on upgrading to the 8-Mbit density from the 2/4-Mbit density in this package should design pin 2 to control
WP# functionality at the 2/4-Mbit level and allow for pin 2 to control A,g after upgrading to the 8-Mbit density.

Figure 4. The 44-Lead PSOP Offers a Convenient Upgrade from JEDEC ROM Standards
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Register is set to a “1” to indicate a Program
Failure. If bit 3 is set to a “1,” then Vpp was not
within acceptable limits, and the WSM did not
execute the programming sequence. |f the program
operation fails, bit 4 of the Status Register will be
set within 1.5 ms as determined by the timeout of
the WSM.

The Status Register should be cleared before
attempting the next operation. Any CUI instruction
can follow after programming is completed;
however, reads from the Memory Array, Status
Register, or Intelligent Identifier cannot be
accomplished until the CUI is given the Read Array
command.

3.3.4 ERASE MODE

Erasure of a single block is initiated by writing the
Erase Setup and Erase Confirm commands to the
CUI, along with the addresses identifying the block
to be erased. These addresses are latched
internally when the Erase Confirm command is
issued. Block erasure results in all bits within the
block being set to “1.”

The WSM will execute a sequence of internally
timed events to:

Program all bits within the block to “0.”

2. Verify that all bits within the block are
sufficiently programmed to “0.”

3. Erase all bits within the block.

4. Verify that all bits within the block are
sufficiently erased.

While the erase sequence is executing, bit 7 of the
Status Register is a “0.”

When the Status Register indicates that erasure is
complete, the status bits, which indicate whether
the Erase operation was successful, should be
checked. If the Erase operation was unsuccessful,
bit 5 of the Status Register will be set to a “1,”
indicating an Erase Failure. If Vpp was not within

ADVANCE INFORMATION
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acceptable limits after the Erase Confirm command
is issued, the WSM will not execute an erase
sequence; instead, bit 5 of the Status Register is
set to a “1” to indicate an Erase Failure, and bit 3 is
set to a “1” to identify that Vpp supply voltage was
not within acceptable limits.

The Status Register should be cleared before
attempting the next operation. Any CUI instruction
can follow after erasure is completed; however,
reads from the Memory Array, Status Register, or
Intelligent Identifier cannot be accomplished until
the CUI is given the Read Array command.

3.3.4.1 Suspending and Resuming Erase
Since an erase operation requires on the order of
seconds to complete, an Erase Suspend command
is provided to allow erase-sequence interruption in
order to read data from another block of the
memory. Once the erase sequence is started,
writing the Erase Suspend command to the CUI
requests that the WSM pause the erase sequence
at a predetermined point in the erase algorithm. The
Status Register must then be read to determine if
the erase operation has been suspended.

At this point, a Read Array command can be written
to the CUI in order to read data from blocks other
than that which is being suspended. The only other
valid command at this time is the Erase Resume
command or Read Status Register command.

During erase suspend mode, the chip can go into a
pseudo-standby mode by taking CE# to Viu, which
reduces active current draw.

To resume the erase operation, the chip must be
enabled by taking CE# to Vi, then issuing the
Erase Resume command. When the Erase Resume
command is given, the WSM will continue with the
erase sequence and complete erasing the block. As
with the end. of a standard erase operation, the
Status Register must be read, cleared, and the next
instruction issued in order to continue.
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2-MBIT SmartVoltage BOOT BLOCK FAMILY

In

Start

Write 40H,
Word/Byte Address

v

Write Word/Byte
Data/Address

v

Read
Status Register

Full Status
Check if Desired

Word/Byte Program
Complete

FULL STATUS CHECK PROCEDURE

Read Status Register
Data (See Above)

Bus Command Comments
Operation
Write Setup Data = 40H
Program | Addr = Word/Byte to Program
Write P m Data = Data to Program
rogra Addr = Location to Program
Read Status Register Data
Toggle CE# or OE#
to Update SRD.
Standby Check SR.7
1 =WSM Ready
0 =WSM Busy

Repeat for subsequent Word/Byte Writes.

SR Full Status Check can be done after each Word/Byte
Write, or after a sequence of Word/Byte Writes.

Write FFH after the last write operation to reset device to
read array mode.

Word/Byte Program
Successful

Bus Command Comments
Operation
Standby Check SR.3
1=Vpp Low Detect
Vpp Range Error
Standby Check SR.4
1 = Word/Byte Program Error
Word/Byte Program
Error

SR.3 MUST be cleared, if set during a program attempt,

before further attempts are allowed by the Write State Machine.

SR.4 is only clear by the Clear Status Register Command,
in cases where multiple bytes are programmed before full
status is checked.

If error is detected, clear the Status Register before attempting
retry or other error recovery.

290531_09

Figure 9. Automated Word/Byte Programming Flowchart
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In ® 2-MBIT SmartVoltage BOOT BLOCK FAMILY

Bus Command Comments
Operation
V
N Write Erase Setup Data = 20H
Write 20H, — Withe
Block Address Addr = Within Block to be Erased
‘L Write Erase Data = DOH
Confirm Addr = Within Block to be Erased
Write DOH and
Block Address
Read Status Register Data
¢ Toggle CE# or OE#
to Update Status Register
Read Status
Register
Suspend Erase
Loop Standby Check SR.7
NO 1= WSM Ready
0 YES 0 = WSM Busy
SR7 = Suspend
Erase Repeat for subsequent block erasures.
Full Status Check can be done after each block erase,
1 or after a sequence of block erasures.
Write FFH after the last operation to reset device to read
Full Status array mode.
Check if Desired
V
Block Erase
Complete
FULL STATUS CHECK PROCEDURE
Read Status Register Bus Command Comments
Data (See Above) Operation
Standby Check SR.3
1=Vpp Low Detect
Vpp Range Error
Standby Check SR.4,5

Both 1 = Command
Sequence Error

Command Sequence
Error

Block Erase
Error

Standby Check SR.5
1 = Block Erase Error

SR.3 MUST be cleared, if set during an erase attempt, before further
attempts are allowed by the Write State Machine.

SR.5 is only clear by the Clear Status Register Command, in
cases where multiple blocks are erase before full status is checked.

0]
If error is detected, clear the Status Register before attempting
Block Erase retry or other error recovery.
Successful
290531_10
Figure 10. Automated Block Erase Flowchart
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28F001BX-T/28F001BX-B
1M CMOS Flash Memory
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Program Setup/Program Commands

Programming is executed by a two-write sequence.
The Program Setup command (40H) is written to
the Command Register, followed by a second write
specifying the address and data (latched on the
rising edge of WE#) to be programmed. The WSM
then takes over, controlling the program and verify
algorithms internally. After the two-command
program sequence is written to it, the 28F001BX
automatically outputs Status Register data when
read (see Figure 9: Byte Program Flowchart). The
CPU can detect the completion of the program
event by analyzing the WSM Status bit of the
Status Register. Only the Read Status Register
command is valid while programming is active.

When the Status Register indicates that
programming is complete, the Program Status bit
should be checked. If program error is detected, the
Status Register should be cleared. The internal
WSM only detects errors for “1s” that do not
successfully program to “0s”. The Command
Register remains in Read Status Register mode
until further commands are issued to it. If byte
programming is attempted while Vpp = VppL, the
Vpp Status bit will be set to “1”. Program attempts
while VppL < Vpp < VppH produce spurious results
and should not be attempted.

EXTENDED ERASE/PROGRAM CYCLING

EEPROM cycling failures have always concerned
users. The high electric fields required by thin oxide
EEPROMSs for tunneling can literally tear apart the
oxide at defect regions. To combat this, some
suppliers have implemented redundancy schemes,
reducing cycling failures to insignificant levels.
However, redundancy requires that cell size be
doubled—an expensive solution.

Intel has designed extensive cycling capability into
its ETOX flash memory technology. Resulting
improvements in cycling reliability come without
increasing memory cell size or complexity. First, an
advanced tunnel oxide increases charge carrying
ability ten-fold. Second, the oxide area per cell
subjected to the tunneling electric field is one-tenth
that of common EEPROMs, minimizing the
probability of oxide defects in the region. Finally,
the peak electric field during erasure is
approximately 2 MV/cm lower than EEPROM. The
lower electric field greatly reduces the oxide stress
and the probability of failure.

28F001BX-T/28F001BX-B

The 28F001BX-B and the 28F001BX-T are capable
of 100,000 program/erase cycles on each
parameter block, main block, and boot block.

ON-CHIP PROGRAMMING ALGORITHM

The 28F001BX integrates the Quick-Pulse
programming algorithm of prior Intel flash memory
devices on-chip, using the Command Register,
Status Register, and Write State Machine (WSM).
On-chip integration dramatically simplifies system
software and provides processor-like interface
timings to the Command and Status Registers.
WSM operation, internal program verify, and Vpp
high voltage presence are monitored and reported
via appropriate Status Register bits. Figure 9 shows
a system software flowchart for device
programming. The entire sequence is performed
with Vpp at VppH. Program abort occurs when RP#
transitions to Vi or Vpp drops to VppL. Although the
WSM is halted, byte data is partially programmed at
the location where programming is aborted. Block
erasure or a repeat of byte programming will
initialize this data to a known value.

ON-CHIP ERASE ALGORITHM

As above, the Quick-Erase algorithm of prior Intel
flash memory devices is implemented internally,
including all preconditioning of block data. WSM
operation, erase success, and Vpp high voltage
presence are monitored and reported through the
Status Register. Additionally, if a command other
than Erase Confirm is written to the device after
Erase Setup has been written, both the Erase
Status and Program Status bits will be set to “1”.
When issuing the Erase Setup and Erase Confirm
commands, they should be written to an address
within the address range of the block to be erased.
Figure 10 shows a system software flowchart for
block erase.

Erase typically takes 1-4 seconds per block. The
Erase Suspend/Erase Resume command sequence
allows interruption of this erase operation to read
data from a block other than the block in which
erase is being performed. A system software
flowchart is shown in Figure 11.

The entire sequence if performed with Vep at VppH.
Abort occurs when RP# transitions to ViL or Vep
falls to VppL, while erase is in progress. Block data
is partially erased by this operation, and a repeat if
the erase is required to obtain a fully erased block.
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28F020
2048K CMOS Flash Memory
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Program-Verify Command

The 28F020 is programmed on a byte-by-byte
basis. Byte programming may occur sequentially or
at random. Following each programming operation,
the byte just programmed must be verified.

The program-verify operation is initiated by writing
COH into the command register. The register write
terminates the programming operation with the
riding edge of its WE# pulse. The program-verify
operation stages the device for verification of the
byte last programmed. No new address information
is latched.

The 28F020 applies its internally-generated margin
voltage to the byte. A microprocessor read cycle
outputs the data. A successful comparison between
the programmed byte and the true data means the
byte was successfully programmed. Programming
then proceeds to the next desired byte location.
Figure 5, the 28F020 Quick-Pulse algorithm,
illustrates how commands are combined with bus
operations to perform byte programming. Refer to
AC Programming Characteristics and Waveforms
for specific timing parameters.

Reset Command

A reset command is provided as a means to safely
abort the erase- or program-command sequences.
Following either setup command (erase or program)
with two consecutive write of FFH will safely abort
the operation. Memory contents will not be altered.
A valid command must then be written to place the
device in the desired state.

EXTENDED ERASE/PROGRAM CYCLING

EEPROM cycling failures have always concerned
users. The high electric fields required by thin oxide
EEPROMs for tunneling can literally tear apart the
oxide at defect regions. To combat this, some
suppliers have implemented redundancy schemes,
reducing cycling failures to insignificant levels.
However, redundancy requires that cell size be
doubled—an expensive solution.

Intel has designed extensive cycling capability into
its ETOX flash memory technology. Resulting
improvements in cycling reliability come without
increasing memory cell size or complexity. First, an
advanced tunnel oxide increases charge carrying

28F020

ability ten-fold. Second, the oxide area per cell
subjected to the tunneling electric field is one-tenth
that of common EEPROMs, minimizing the
probability of oxide defects in the region. Finally,
the peak electric field during erasure is
approximately 2 MV/cm lower than EEPROM. The
lower electric field greatly reduces the oxide stress
and the probability of failure.

The 28F020 is capable of 100,000 program/erase
cycles. The device is programmed and erased
using Intel’'s Quick-Pulse Programming and Quick-
Erase algorithms. Intel’s algorithmic approach uses
a series of operations (pulses), along with byte
verification, to completely and reliably erase and
program the device.

For further information, see Reliability Report
RR-60.

QUICK-PULSE PROGRAMMING ALGORITHM

The Quick-Pulse Programming algorithm uses
programming operations of 10 ms duration. Each
operation is followed by a byte verification to
determine when the addressed byte has been
successfully programmed. The algorithm allows for
up to 25 programming operations per byte, although
most bytes verify on the first or second operation.
The entire sequence of programming and byte
verification is performed with Vpp at high voltage.
Figure 5 illustrates the Quick-Pulse Programming
algorithm.

QUICK-ERASE ALGORITHM

Intel’s Quick-Erase algorithm yields fast and reliable
electrical erasure of memory contents. The
algorithm employs a closed-loop flow, similar to the
Quick-Pulse Programming algorithm, to
simultaneously remove charge from all bits in the
array.

Erasure begins with a read of memory contents.
The 28F020 is erased when shipped from the
factory. Reading FFH from the device would
immediately be followed by device programming.

For devices being erased and programmed, uniform
and reliable erasure is ensured by first
programming all bits in the device to their charged
state (Data = 00H). This is accomplished, using the
Quick-Pulse Programming algorithm, in
approximately four seconds.
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Erase execution then continues with an initial erase
operation. Erase verification (Data = FFH) begins at
address 0000H and continues through the array to
the last address, or until data other than FFH is
encountered. With each erase operation, an
increased number of bytes verify to the erased
state. Erase efficiency may be improved by storing
the address of the last byte verified in a register.
Following the next erase operation, verification
starts at that stored address location. Erasure
typically occurs in two seconds. Figure 6 illustrates
the Quick-Erase algorithm.
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28F020
Bus
Operation Command Comments
Entire Memory Must = 00H
before Erasure
Use Quick-Pulse
Programming Algorithm
(Figure 5)
Standby Wait for Vi, Ramp to Vppy ()
Initialize Addresses and
Pulse-Count
Writa E -
Setoup tmd Write Setlp Data = 20H
Write Erase Data = 20H
Standby Duration of Erase Operation
(twhwhz2)
2)
Write 5;‘:?3( ' Addr = Byte to Verity;
Data = AOH; Stops Erase
Operation®)
Standby twHaL
Read Ready Byte to Verify Erasure
from Davice
N
Inc
PLSCNT
=10007 Standby Compare Output to FFH
Increment Pulse-Count
1% Y
Last
Incrament
I Address | ?
Y
Write
Write - Read Data = 00H, Resets the
1 Register for Read Operations
Apply Apply .
l Vepe 1] I r Vepe 1] I Standby Wait for Vpp Ramp to Vppy (W
Erosure Erase
( Camplsted ) ( Error )
290245-8

See DC Characteristics for the value of Vppy and Vppp

Erase Verify is performed only after chip-erasure. A
final read/compare may be performed (optional) after
the register is written with the Read command.

Refer to principles of operation.
CAUTION: The algorithm MUST BE FOLLOWED

to ensure proper and reliable operation of the
device.

Figure 6. 20F020 Quick-Erase Algorithm
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Versions Vcc +5% | 28F020-70(4)
Vee + 10% 28F020-70(5) 28F020-90(5) 28F020-1505) | Unit
Symbol | Characterisitcs Notes Min Max Min Max Min Max Min Max

tavav/trc | Read Cycle Time 70 80 90 150 ns

teLav/tce | Chip Enable 70 80 920 120 ns
Access Time

tavav/tacc | Address Access 70 80 90 120 ns
Time

teLav/toe | Output-Enable 28 30 35 50 ns
Access Time

teLax/tiz | Chip Enable to 2,3 0 0 0 0 ns
Qutput in Low Z

teHaz Chip Disable to 2 35 40 45 55 ns
Output in High Z

teLax/toLz | Output Enable to 2,3 0 0 0 0 ns
Output in Low Z

teHaz/torF | Output Disable to 2 30 30 30 30 ns
Quput in High Z

ton Output Hold from 1,2 0 0 0 0 ns
Address, CE#, or
QE# Change

twHGL Write Recovery 6 6 6 6 Us
Time before Read

NOTES:

sjonpoud ainjetadwa]
—SOILSIHILOVHVYHO OV

0co0d48c

. Whichever occurs first.

. Sampled, not 100% tested.

. Guaranteed by design. .

. See High Speed AC Input/Output reference Waveforms and High Speed AC Testing Load Circuits for testing characteristics.

. See AC Input/Output reference Waveforms and AC Testing Load Circuits for testing characteristics.
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28F010
1024K CMOS Flash Memory
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Program-Verify Command

The 28F010 is programmed on a byte-by-byte
basis. Byte programming may occur sequentially or
at random. Following each programming operation,
the byte just programmed must be verified.

The program-verify operation is initiated by writing
COH into the command register. The register write
terminates the programming operation with the
riding edge of its WE# pulse. The program-verify
operation stages the device for verification of the
byte last programmed. No new address information
is latched.

The 28F010 applies its internally-generated margin
voltage to the byte. A microprocessor read cycle
outputs the data. A successful comparison between
the programmed byte and the true data means the
byte was successfully programmed. Programming
then proceeds to the next desired byte location.
Figure 5, the 28F010 Quick-Pulse algorithm,
illustrates how commands are combined with bus
operations to perform byte programming. Refer to
AC Programming Characteristics and Waveforms
for specific timing parameters.

Reset Command

A reset command is provided as a means to safely
abort the erase- or program-command sequences.
Following either setup command (erase or program)
with two consecutive writes of FFH will safely abort
the operation. Memory contents will not be altered.
A valid command must then be written to place the
device in the desired state.

EXTENDED ERASE/PROGRAM CYCLING

EEPROM cycling failures have always concerned
users. The high electric fields required by thin oxide
EEPROMSs for tunneling can literally tear apart the
oxide at defect regions. To combat this, some
suppliers have implemented redundancy schemes,
reducing cycling failures to insignificant levels.
However, redundancy requires that cell size be
doubled—an expensive solution.

Intel has designed extensive cycling capability into
its ETOX flash memory technology. Resulting
improvements in cycling reliability come without
increasing memory cell size or complexity. First, an
advanced tunnel oxide increases charge carrying

28F010

ability ten-fold. Second, the oxide area per cell
subjected to the tunneling electric field is one-tenth
that of common EEPROMs, minimizing the
probability of oxide defects in the region. Finally,
the peak electric field during erasure is
approximately 2 MV/cm lower than EEPROM. The
lower electric field greatly reduces the oxide stress
and the probability of failure.

The 28F010 is capable of 100,000 program/erase
cycles. The device is programmed and erased
using Intel’s Quick-Pulse Programming and Quick-
Erase algorithms. Intel’s algorithmic approach uses
a series of operations (pulses), along with byte
verification, to completely and reliably erase and
program the device.

For further information, see Reliability Report
RR-60.

QUICK-PULSE PROGRAMMING ALGORITHM

The Quick-Pulse Programming algorithm uses
programming operations of 10 ps duration. Each
operation is followed by a byte verification to
determine when the addressed byte has been
successfully programmed. The algorithm allows for
up to 25 programming operations per byte, although
most bytes verify on the first or second operation.
The entire sequence of programming and byte
verification is performed with Vpp at high voltage.
Figure 5 illustrates the Quick-Pulse Programming
algorithm.

QUICK-ERASE ALGORITHM

Intel’s Quick-Erase algorithm yields fast and reliable
electrical erasure of memory contents. The
algorithm employs a closed-loop flow, similar to the
Quick-Pulse Programming algorithm, to
simultaneously remove charge from all bits in the
array.

Erasure begins with a read of memory contents.
The 28F010 is erased when shipped from the
factory. Reading FFH from the device would
immediately be followed by device programming.

For devices being erased and programmed, uniform
and reliable erasure is ensured by first
programming all bits in the device to their charged
state (Data = 00H). This is accomplished, using the
Quick-Pulse Programming algorithm, in
approximately four seconds.
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Erase execution then continues with an initial erase
operation. Erase verification (Data = FFH) begins at
address 0000H and continues through the array to
the last address, or until data other than FFH is
encountered. With = each erase operation, an
increased number of bytes verify to the erased
state. Erase efficiency may be improved by storing
the address of the last byte verified in a register.
Following the next erase operation, verification
starts at that stored address location. Erasure
typically occurs in two seconds. Figure 6 illustrates
the Quick-Erase algorithm.
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Versions Vce + 5% | 28F010-65(4)
Vee +10% 28F010-65(5) | 28F010-90(5) | 28F010-120(5) | 28F010-150(5) | Unit
Symbol Characterisitcs Notes Min | Max | Min | Max | Min | Max | Min Max Min Max

tavav/trc  |Read Cycle Time 65 70 90 120 150 ns

teLqv/tce  |Chip Enable Access 65 70 90 120 150 ns
Time

tavqv/tacc |Address Access Time 65 70 90 120 150 ns

taLQv/toe  |Output Enable Access 25 28 35 50 55 ns
Time

teLQx/tLz Chip Enable to Output 2,3 0 0 0 0 0 ns
in Low Z

teEHQZ Chip Disable to Output 2 35 40 45 55 55 ns
in High Z

tcLax/toLz |Output Enable to 2,3 0 0 0 0 0 ns
Qutput in Low Z

tGHQz/toF  |Output Disable to 2 30 30 30 30 35 ns
Quput in High Z

toH Output Hold from 1,2 0 0 0 0 0 ns
Address, CE#, or OE#
Change

tWHGL Write Recovery Time 6 6 6 6 6 Hs
before Read

AC CHARACTERISTICS—Read Only Operations—Commercial and Extended

Temperature Products

intgl.

NOTES:

1. Whichever occurs first.

2. Sampled, not 100% tested.

3. Guaranteed by design.

4. See High Speed AC Input/Output reference Waveforms and High Speed AC Testing Load Circuits for testing characteristics.
5. See AC Input/Output reference Waveforms and AC Testing Load Circuits for testing characteristics.
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ERASE AND PROGRAMMING PERFORMANCE

Parameter Notes Min Typical Max Unit
Chip Erase Time 1,34 2 30 Sec
Chip Program Time 1,24 4 25 Sec

NOTES:
1. “Typicals” are not guaranteed, but based on samples from production lots. Data taken at 25°C, 12.0V Vpp.

2. Minimum byte programming time excluding system overhead is 16 psec (10 psec program + 6 psec write recovery), while
maximum is 400 psec/byte (16 psec x 25 loops allowed by algorithm). Max chip programming time is specified lower than
the worst case allowed by the programming algorithm since most bytes program significantly faster than the worst case
byte.

3. Excludes O0H programming prior to erasure.

4. Excludes system level overhead.
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BOOT
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CPU L2 L3
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CACHE
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DRIVE
292146-04
Figure 4. The Traditional System Memory Architecture
Adds Complexity in Order to Optimize Performance
DRAM
K—| 28FO16XS K~  STORAGE
FLASH
CACHE MEMORY
292146_05

Figure 5. A Flash Memory-Based System Memory Architecture
Achieves Performance without Tradeoffs

This application note compares the read performance
and power consumption of Intel’s 28F016XS Flash
memory to that of more traditional memory alternatives,
based on specifications available at the time this
document was published. The 28F016XS Flash memory
is a new member of the Intel 16-Mbit flash memory
product family. Significant 28F016XS enhancements
compared to previous flash memories include:

e A synchronous pipelined read interface that
optimizes the performance of today’s leading-edge
microprocessors and buses, and

e SmartVoltage technology

ADVANCE INFORMATION

This analysis focuses on the highest read performance
versions of the highest-density products for each
memory technology. Also discussed, are 28F016XS-
based system memory architecture advantages over
traditional alternatives in terms of performance,
complexity, cost, power consumption and reliability. For
complete information on Intel’s 28F016XS flash
memory, consult documentation listed in the Additional
Information section.
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getting the system’s BIOS code to copy the file before or
during POST.

Either option is possible. The choice is dependent on
determining which is easier, modifying hardware or
modifying a BIOS boot-up process.

34

This section describes the logic design for the RFA
controller. Timing analysis is also provided to draw
special attention to some of the difficulties and their
resolutions. Lastly, a discussion of possible future
enhancements is presented.

RFA Control Logic Overview

AP-399

As shown in the block diagram, Figure 1, the EPX780
provides the interface between the CPU and the flash
memory. The following components are utilized in
this sub-system design:

e 25MHz 3.3V 486 SX CPU
e Altera’s EPX780-132 PLD
e 4 28F016SV-75 1M x 16-bit flash memory devices
e 32-bit Transceiver
(4 x 8-bit or 2 x 16-bit, tpp <15 ns)

The signal names used in the diagratﬁs are described in
Table 1

Intel486™ SX CPU-RFA Sub-System Design

3

£z

7 7
A23-A2 (ABUSI) A21-A2 (ABUSO)

ADSH 28F016SV 28F016SV

MA/o# CEO-1#(H,L) 4
i486 SX 4 D/C# . OE#
1
CPU 7 BEO-3# EPX780

WIR# WE#

RDY#

KEN#

i DT/R#
pO-D9 1 28F016SV 28F016SV
D31-D0,(DBUS) D31,00 [ TRANSCEIVER
7 7—>|  74HL33623 (4) or
74LVT16245 (2)
RY/BY#
D31-D0 -
(FLASH DBUS) MSB L5
3
D31-D16 7| p15-00 T
,
2921497

Figure 1. RFA Block Diagram
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Table 1. Signal Name Descriptions
ignal name Signal Description
CLK Clock input to the subsystem, assumed 25 MHz
ADS# Address Strobe from the CPU
W/R# Write/Read# signal from CPU
M/i/o# Memory/i/o# signal from CPU
D/C# Data/Code# signal from CPU
WE# Write Enable# signal from EPX780 to flash memory
OE# Output Enable# signal from EPX780 to flash memory
RDY# Ready# signal from EPX780 to CPU
KEN# Cache Enable# signal from EPX780 to CPU
DT/R# Data Transmit/Receive# signal from EPX780 to transceiver
ABUSI Address Bus, A23-A2 from CPU to EPX780
ABUSo Address Bus, A21-A2 from EPX780 to flash memory
BSEL# Byte Enable# signals, BEO-3# from CPU to EPX780
CE# Chip Enable# signals, CEHO-1# & CELO-1 from EPX780 to flash memory
DBUS Data Bus, D31-DO0 from CPU to EPX780 and transceiver
FLASH DBUS Data Bus, D31-DO0 from transceiver to flash memory
ADSWREG Sliding Window Register select
ADS1..4 Address Strobe delay flip-flop chain
| SWREG Sliding Window Register
NOTE:

A “#” after the name means inverted or active low.

Logic Design

Sliding Window Address Register Interface

The nécessary address decoding for the actual loading of
the Sliding Window Address Register with the base

The logic design (see Figure 8) for the EPX780 RFA
controller was split into the following three subdivisions
from a design standpoint:

e Sliding Window Address Register interface

e ROM Stub Window mapping function

o Chip enable logic for memory- devices

350

address of the window on the data bus is done using a
simple AND function. Similarly, allowing the address
bits to propagate out of the register to the address bus
upon access to the window is done using a 2x1 mux for
each bit with the address decode as the select.
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APPENDIX D
PLD EQUATIONS

Included below are the equations for the EPX780
EPX780-10 PLD

AP-399

; Functional model for Simulation of Resident Flash Array design
Title  486SX RFA design

Pattern 1

Revision 4.0

Author  Rajiv Parikh

Company Intel Corporation

Date 9/20/94

; This design has not been verified, it is sample code only.
; Intel assumes no responsibility for any errors which may appear
; in this code.

OPTIONS DRIVE_LEVEL = 3VOLT ; Default voltage is 3 Volts
CHIP Ul NFX780_132

; Pinlist

; inputs

PIN CLK ; main clock (used by register)

; Control signals from CPU

PIN W_R ; Write/Read# from CPU

PIN M_IO ; M/i/o# from CPU

PIN /ADS ; ADS# from CPU

PIN D_C ; D/C# from CPU

PIN A[23:2] ; Address lines from CPU, 0,1,24-31 not used
PIN /BE[3:0] ; Byte Enable lines from CPU

; Control signals from PLD to memory

; outputs

PIN B[23:2] ; Address lines out of PLD to memory (23,22 NC)
PIN /CEH[1:0] ; Chip enable out of PLD to memory high word
PIN /CEL[1:0] ; Chip enable out of PLD to memory low word
PIN /WE ; Write Enable# from PLD to memory

PIN /OE ; Output Enable# from PLD to memory

; Other signals

; input

PIN RY_BY ; Ready/Busy# from memory to PLD/486

; outputs

PIN /RDY ; Ready# from PLD to CPU

PIN /KEN ; Cache enable# from PLD to CPU
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Figure 6. Comparing Past Address with Current Address to Determine Whether an Alternating-A, or
Same-A; Access Occurs When Interfacing the 28F016XS to a Pipelined Bus Processor

Pipelined Bus

A pipelined bus activates the address and control signals
for the next cycle before completing the current cycle.
Pipelined buses have no defined access order; therefore,
Alternating-A; accesses are not guaranteed. The
interface must guard against a possible mixture of
consecutive Alternating-A; and Same-A; accesses.
Figure 6 illustrates a pipelined bus interface to the
28F016XS.

In a pipelined interface, the system logic does not
increment the 28F016XS’s lower addresses. The system
logic instead latches address A and compares it to A; of
the following cycle. Comparing A, the interface logic
can identify Alternating-A; and Same-A; accesses,
which directly informs the interface logic when it can
initiate a read access to the 28F016XS. The Alternating-
A; and Same-A| access rules define the minimum delay
between consecutive accesses (see Section 4.2 and 4.3).

In the past, external latches were required to latch the
next address and control signals. The 28F016XS
eliminates this extra system overhead, latching the next
address internally and initiating the next cycle prior to
completing the current cycle. The 28F016XS’s
synchronous pipelined interface takes full advantage of
a pipelined bus.
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4.0 INTERFACING TO THE 28F016XS

The 28F016XS can interface to a wide range of CPUs
and bus architectures. Glue logic is minimal and the
performance enhancements are significant. Below are
key considerations to keep in mind when interfacing to
the 28F016XS:

o Clocking Options

o Alternating-A; Access Rule

o Same-A; Access Rule

o Optimizing Read Performance in x8 Mode

o Consecutive Accesses across Bank Boundaries
o Handling Asynchronous Write Cycles

o System Boot-Up out of the 28F016XS

4.1 Clocking Options

In choosing a CLK option, keep in mind that the
28F016XS operates at optimum performance with a
CLK frequency at an upper SFI Configuration boundary
(50 MHz and 33 MHz are two of four SFI Configuration
upper boundaries for the 28F016XS-15 at 5.0V V().
See Section 2.3 for information about the SFI
Configuration.
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Refer to the 28F016XS datasheet for timing specifications.

Figure 23. Consecutive Alternating-A, Accesses Crossing Bank Boundaries,
One OE# per Bank (28F016XS-15, SFI Configuration = 2)

4.7 Handling Asynchronous Writes

The 28F016XS write interface is asynchronous, similar
to other Intel flash memories. The 28F016XS’s write
interface is not pipelined, therefore a write cycle must
complete before another begins.

When the interfacing CPU can execute a burst write
cycle, the system logic needs to manage the write cycle,
allowing only one write cycle to the 28F016XS at a
time. Write-back caches, for example, support burst
write cycles.
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When the interfacing CPU does not support burst writes,
the 28F016XS’s asynchronous write interface is not an
issue. The processor will only execute one write cycle at
atime.

When executing a write cycle, the interfacing processor
or bus will drive a write signal informing the system of
the desired operation. Monitoring this signal, the
interfacing logic can correctly transition into an
appropriate state machine sequence. In this situation, the
interfacing logic directly controls the 28F016XS’s write
control signals (Figure 24), just as with asynchronous
Intel flash memories.
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1.0 INTRODUCTION

This application note discusses comparisons between the
28F016XD and DRAM memories. It also offers
recommendations for determining compatibility between
the 28F016XD and DRAM controllers, and provides
suggestions for designing DRAM controllers with the
28F016XD in mind. The 28F016XD, an Intel 16-Mbit
Flash memory component, retains full software
backwards-compatibility with the 28F008SA and adds
the following features:

e Multiplexed address/address interface with RAS#
and CAS# control inputs

e SmartVoltage technology
e Internal 3.3V/5.0V

The 28F016XD leverages the existing DRAM controller
in system designs and thereby minimizes the glue logic
required to interface to flash memory. It is a 16-Mbit
device, organized as 1 Mbyte x 16. The 28F016XD has
ten row addresses and ten column addresses,
multiplexed on inputs Aj-Ag.

The 28F016XD is fully non-volatile, giving it significant
power and performance advantages over the traditional
disk-plus-DRAM alternative. The 28F016XD does not
lose data when power is removed from the device. By
permanently storing and executing programs from the
28F016XD, the inherently slow disk drive-to-DRAM
load delay is eliminated. The 28F016XD also does not
require refresh cycles (although the 28F016XD will
properly ignore any refresh cycles that are issued to it).

ADVANCE INFORMATION
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2.0 28F016XD COMPARISONS TO
DRAM

The following sections discuss specific areas of
comparison between the 28F016XD and 16-Mbit (IM x
16) DRAMs in 60 ns and 70 ns speed bins. Please
reference the 28F016XD datasheet for a full description
of the 28F016XD.

2.1 Voltage and Current
Specifications

One obvious difference between the 28F016XD and
DRAM s is that flash memory specifications reference a
Vpp voltage, used with Data Write and Erase operations.
All Vpp-related voltage and current specifications are
unique to the 28F016XD. Note that the 28F016XD
offers the option to connect Vpp either to 12.0V + 5% or
to 5.0V = 10% (which may also be the V¢ operating
voltage). The 28F016XD includes Ve current
specifications during Data Write, Erase and Erase
Suspend operations. These operations are unique to flash
memory; therefore, these specifications are not found in
DRAM datasheets.

The 28F016XD specifies a Vi g (lockout) voltage. This
specification relates to circuitry within the flash memory
that protects it from unwanted data alteration. The Vi go
specification is not found in DRAM datasheets. The
28F016XD also provides the deep power-down mode,
not available on DRAMs. 28F016XD read, standby
(CMOS), RAS#-only refresh and CAS#-before-RAS#
refresh currents are lower than those seen with DRAMs.

A comparison between the 28F016XD and

representative 16-Mbit DRAMs (valid at the time this
application note was written) is shown in Table 1.
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Table 2. 28F016XD Added/Revised DC Characteristics (Continued)
Ve =3.3V + 0.3V, Ta =0°C to + 70°C

Sym Parameter Min Typ Max Unit Test Condition
lec7 Vcc Standby Current 40 55 mA  [Vce = Vee Max
(Self Refresh Mode) RAS#, CAS# = V|L
lour =0 mA
Inputs = Vi or Viy
lcco Vcc Deep Power-Down 2 5 HA  |RP#=GND + 0.2V
Current
lccw Ve Word Write Current 8 12 mA | Word Write in Progress
Vep =12.0V + 5%
8 17 mA  |Word Write in Progress
Vpp = 5.0V + 10%
lcce Ve Block Erase Current 6 12 mA  |Block Erase in Progress
Vpp =12.0V £ 5%
9 17 mA  |Block Erase in Progress
Vpp = 5.0V + 10%
lcces Vcc Erase Suspend 1 4 mA RAS#, CAS#=ViH
Current Block Erase Suspended
Ilpps Vpp Standby/Read +1 +10 pA Vpp £ Vce
Current 30 200 MA  |Vep> Vce
IpPD Vpp Deep Power-Down 0.2 5 pA RP# = GND + 0.2V
Current
lpPw Vep Word Write Current 10 15 mA  [Vpp=12.0V + 5%
Word Write in Progress
15 25 mA  [Vpp=5.0V +10%
Word Write in Progress
lpPE Vpp Block Erase Current 4 10 mA  [Vpp=12.0V 5%
Block Erase in Progress
14 20 mA  |Vpp=5.0V +10%
‘ Block Erase in Progress
lpPES Vpp Erase Suspend 30 50 pA Block Erase Suspended
Current
VPPLK Vpp Erase/Write Lock 0.0 1.5 \
Voltage
Vepul Vpp during Write/Erase 45 5.0 5.5 \
Operations
VppH2 Vpp during Write/Erase 11.4 12.0 12.6 \
Operations
Viko V¢ Erase/Write Lock 2.0 \
Voltage
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Table 3. 28F016XD Added/Revised DC Characteristics (Continued)
Ve =5.0V +0.5V, Ta =0°C to +70°C

Sym Parameter Min Typ Max Unit Test Condition
lpps Vpp Standby/Read +1 +10 PA  |Vep £ Vce
Current 30 200 PA  |Vep > Vce
lpPD Vpp Deep Power-Down 0.2 5 A RP# = GND = 0.2V
Current
lppw Vpp Word Write Current 7 12 mA |Vpp=12.0V £ 5%
Word Write in Progress
17 22 mA  |Vpp=5.0V+10%
Word Write in Progress
IpPE Vpp Block Erase Current 5 10 mA |Vpp =12.0V £ 5%
Block Erase in Progress
16 20 mA  |Vpp=5.0Vx10%
Block Erase in Progress
IpPES Vpp Erase Suspend 30 50 HA Block Erase Suspended
Current
VppLK Vpp Erase/Write Lock 0.0 15 \"
Voltage
VppH1 Vpp during Write/Erase 4.5 5.0 55 Vv
Operations
VppH2 Vpp during Write/Erase 114 12.0 12.6 \
Operations
Viko Vcc Erase/Write Lock 2.0 \Y
Voltage

2.2 Timing Specifications

28F016XD timing specifications are divided into the
following categories in the datasheet:

e Common Parameters

e Read Cycle

e Write Cycle

o Read-Modify-Write Cycle

o Fast Page Mode Cycle (including fast page mode
read-modify-write)

e Refresh Cycle (including refresh period)

e Miscellaneous

Many 28F016XD specifications match or improve on
those of 60 ns and 70 ns DRAMSs. Programming

additional DRAM controller wait states will
accommodate most slower 28F016XD specs.

ADVANCE INFORMATION

In some cases, specifications that have identical values
for both reads and writes to DRAM (such as RAS# and
CAS# pulse widths and hold times), have been
differentiated (separate specs for read and write) on the
28F016XD. This differentiation both accurately reflects
28F016XD functionality and improves the DRAM
controller interface to 28F016XD, in some cases.

Common Parameters

Table 4 compares 28F016XD common parameters to
DRAM, with incompatible specifications shaded for
emphasis. Areas where the 28F016XD improves upon
DRAM specifications are outlined in bold. Notice that
the 28F016XD’s RAS# precharge time specification is
much shorter than that for DRAM, while the
28F016XD’s CAS# precharge time specification is
slightly longer. Also, the 28F016XD’s row address hold
time after RAS#, column address hold time after CAS#
and CAS#-to-RAS# precharge time are slightly longer
than those for DRAM.
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Fast Page Mode Cycle Specifications

28F016XD fast page mode cycle specification
incompatibilities compared to DRAM have the same
root causes as the read and write cycle incompatibilities
described earlier. Fast page mode read-modify-write
cycles to the 28F016XD will not occur in the majority of
applications.

Table 8 compares 28F016XD fast page mode cycle
specifications to DRAM, with incompatible
specifications shaded for emphasis. Areas where the
28F016XD improves upon DRAM specifications are
outlined in bold.

intgl.

Flash memory does not require refresh to retain stored
data contents. However, by interfacing to a DRAM
controller, it will automatically receive the same refresh
cycles that DRAM receives. The 28F016XD supports all
common refresh cycles; CAS#-before-RAS#, RAS#-
only, hidden and self-refresh. In these modes, it will
either drive or float the data bus just as a DRAM would.
Refresh cycles have no other effect on 28F016XD stored
data.

Refresh Cycle Specifications

Table 9 compares 28F016XD refresh cycle
specifications to DRAM, with incompatible
specifications shaded for emphasis. Areas where the
28F016XD improves upon DRAM specifications are
outlined in bold.

Table 8. 28F016XD Fast Page Mode Cycle Specifications Compared to 60-70 ns 16-Mbit DRAM

Sym Description

DRAM
(3.3V)

DRAM

28F016XD 28F016XD
(3.3V) (5.0V) (5.0V)
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Table 10 28F016XD Added/Revised AC Timings (Continued)
Ve =3.3V £0.3V, Vpp = 5.0V £ 0.5V, T, = 0°C to +70°C

Sym Parameter Min Typ Max Units
twarn1 | Word Write Time TBD 35 TBD us
twrrn3 | Block Write Time TBD 1.2 TBD sec

Block Erase Time TBD 1.4 TBD sec
Erase Suspend Latency Time to Read 1.0 12 75 us
Ve =33V £ 0.3V, Vpp = 12.0V + 0.6V, T, = 0°C to +70°C

Sym Parameter Min Typ Max Units
twhrn1 | Word Write Time 5 9 TBD us
twhrn3 | Block Write Time TBD 0.3 1.0 sec

Block Erase Time 0.3 0.8 10 sec
Erase Suspend Latency Time to Read 1.0 9 55 15

Table 11. 28F016XD Added/Revised AC Timings
Ve =5.0V £ 0.5V, T, = 0°C to +70°C

Versions 28F016XD - 85

Parameter Min Max | Unit
RP# High to RAS# going low 300 ns
RP# Set-Up to WE# going low 300 ns
Vpp Set-Up to CAS# high at end of write cycle 100 ns
WEH# High to RY/BY# going low 100 ns
RP# Hold from Valid Status Register Data and RY/BY# High 0 ns
Vpp Hold from Valid Status Register Data and RY/BY# High 0 ns
Ve at 4.5V (minimum) to RP# High 2 Us
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Table 11 28F016XD Added/Revised AC Timings (Continued)

Ve = 5.0V £ 0.5V, Vpp = 5.0V £ 0.5V, T, = 0°C to +70°C

Sym Parameter Min Typ Max Units
twarn1 | Word Write Time TBD 25 TBD us
twhrn3 | Block Write Time TBD 0.85 TBD sec

Block Erase Time TBD 1.0 TBD sec

Erase Suspend Latency Time to Read

1.0 9 55 ps

Ve = 5.0V £0.5V, Vpp = 12,0V £ 0.6V, T, = 0°C to +70°C

Sym Parameter Min Typ Max Units
twnrn1 | Word Write Time 4.5 6 TBD us
twhrnS | Block Write Time TBD 0.2 1.0 sec

Block Erase Time 0.3 0.6 10 sec
Erase Suspend Latency Time to Read 1.0 7 40 us

2.3 Package and Pinout

Although the 28F016XD includes all necessary inputs
and outputs for interfacing to DRAM controllers, its
pinout and package do not match those of DRAMs but
instead evolve from other 16-Mbit Intel flash memories.
The 28F016XD uses a 56-lead TSOP package, with
pinout shown in Figure 1 and package dimensions
shown in Figure 2.

Comparable 1M x 16 (16-Mbit) DRAMs use two

packages, a 42-lead SOJ and 44-lead TSOP. Examples
of these DRAM pinouts are shown in Figures 3 and 4.
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Table 12 summarizes pinout comparisons between the
28F016XD in 56-lead TSOP and various DRAM
package options.

If compatibility between the 28F016XD and DRAM
“footprints” is desired, 28F016XD flash memories can
be placed on DRAM-compatible SIMMs. Please see the
Additional Information section of this application note
for documentation that covers this topic in more detail.
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28F016SA Commands

The 28F016SA command set is a superset of the
28F008SA command set, giving existing 28F008SA
code the ability to run on the 28F016SA with minimal
modifications.

28F008SA-Compatible Commands

00 invalid/reserved

20 single block erase
40 word/byte write

50 clear status registers
70 read CSR

90 read ID codes

BO erase suspend

DO confirm/resume

FF read flash array

28F016SA Performance-Enhancement
Commands

oc page buffer write to flash

71 read GSR and BSRs (i.e. the ESR)
72 page buffer swap

74 single load to page buffer

75 read page buffer

71 lock block

80 abort

96,xx RY/BY# reconfiguration and SFI
configuration (28F016XS)

97 upload BSRs with lock bit

99 upload device information
A7 erase all unlocked blocks

EO sequential load to page buffer
FO sleep

FB two-byte write

AP-377

28F016XD and 28F016XS Feature Sets

The following features are not supported on the
28F016XD and 28F016XS Embedded Flash RAM
memories (as compared to the 28F016SA/SV/32SA
FlashFile™ memories):

o All page buffer operations (read, load, program,
Upload Device Information)

o Command queuing

o Erase All Unlocked Blocks and Two-Byte Write

o Software Sleep and Abort

o RY/BY# reconfiguration via the Device
Configuration command
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Memory Cards

Many computer manufacturers are pursuing the IC
memory card to incorporate a removable mass storage
medium. This is an ideal application for the Intel Flash
Memory TSOP, due to the package’s minimal height.

Solid-State Memory Alternatives

ROM and SRAM are currently the dominant IC card
memory technologies. ROM has the advantage of being
inexpensive, but is not changeable. When newer
software revisions (e.g., Lotus* 123, Windows, etc.) are
available, the user must buy a new ROM card for each
upgrade. Intel Flash Memory’s reprogrammability
minimizes the user’s expense and the OEM’s inventory
risk.

SRAM is reprogrammable but requires batteries to
maintain data, risking data loss. Like magnetic disks,
flash memory is truly nonvolatile and thus has very long
storage time with power off. Additionally, SRAM is

AP-343

expensive and not a high density solution. Intel Flash
Memory provides a denser, more cost effective and
reliable solution.

System level cost is about the same for Intel Flash
Memory and SRAM + battery—

Flash memory requires 12V for programming and
erasing. If a 12V supply is not available, 5V can easily
be boosted. (See Application Note AP-316.) SRAM +
battery requires battery state detect circuitry.

Card level cost differences are substantial (Figure 3)—

SRAM must have a battery to retain data. It also requires
a Vcc monitor and Write Lockout circuitry. Intel’s Flash
Memory only requires Write Lockout circuitry
(switching Vpp to OV is an alternative write protect).
This leads to increased area for memory components.
More importantly, Intel’s Flash Memory density is
4 times that of static RAM, yielding lower cost per bit.

CARD LEVEL
[
(%2
Q
(8]
I;' Battery
-
<€ Higher Densities] Vce Monitor
- Circuits
g In;:recMsed Area
or Memory
SYSTEM LEVEL Components Write
Lockout
Circuit
Voltage Battery Write
Conversion Detect Lockout Lower
5V =12V Clrcult Circult Densities
FLASH SRAM FLASH SRAM

292079-23

Figure 3. Support Circuitry Cost Comparison
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Figure 1. The flow chart shows the fundamental
nature of an adaptive algorithm. Based on the
outcome of program verification, the flow may

loop back for another program operation.

Moving Charge and Other Factors You
Should Know

This section discusses the mechanics of flash memory
programming. For most 'system designers, transistor-

AP-325

level discussions were last heard in college. We may
recall that DRAM consists of a storage capacitor and a
transistor. We remember this clearly because failure to
refresh that capacitor causes systems to malfunction. In
like fashion, one should understand the fundamentals
of flash memory reprogramming. The understanding
will enable error-free memory operation and reliable
system performance.

In simplest terms, each data bit equates to a memory
cell. Intel’s flash memory uses one transistor per cell
with the smallest possible architecture. This delivers the
lowest cost per bit and highest capacity, levering system
software (rather than bulky, complex cells) for
reprogramming control.

Figure 2 shows a simplified cross section of Intel’s flash
memory transistor. Note the structure; the cell is a
stacked gate MOS transistor. An isolated floating gate
stores the memory charge. The floating gate consists of a
layer of (conductive) polysilicon surrounded by (non-
conductive) oxide layers.

On a DRAM cell, each transistor connects to a capacitor
which stores the memory charge. The major difference
between flash memory and DRAM derives from their
cell structure. The DRAM cell loses its charge if not
refreshed within a few milliseconds. On the other hand,
the flash memory floating gate maintains its charge as a
fully nonvolatile memory, similar to ROM or EPROM.
The structure is isolated and insulated by the field and
gate oxides-hence the name “floating” gate.

ETOX™ Flash Memory Cell*

Control Gate

Floating Gate

Source

Substrate

Drain

Floating Gate

2620592
*Patented Intel Processes

Figure 2. Simplicity of design assures isicreasing densities, manufacturability and reliability.
These are the attributes that drive mainstream memories.
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Cycling Performance

Cycling durability has made tremendous gains from
early first-generation devices, such as the 28F256-
170P1C2 with a 100-cycle specification. Current
products, such as Intel’s ETOX III 28F008SA, are
registering above 1,000,000 cycles. Experiments with
these units have been conducted to prove their
reliability. These parts typically do not produce hard
failures, instead they see program and erase timings
push out.

ETOX cycling longevity has progressed due to
continued improvements in tunnel-oxide quality. As
oxide layers become cleaner and more consistent,
cycling-induced electron trapping minimizes. Reduced
electron trapping helps keep V. distributions tight.
Additionally, reduced electron trapping improves
program and erase pulsing efficiencies. This improved
efficiency lessens the number of pulses required for a
given operation to succeed, which in turn also reduces
electron trapping. Since trapping is the primary source
of program/erase time pushout (i.e., more pulses
required), higher quality oxides reduce this degradation
and extend cycling performance.

Improved source-to-floating gate coupling consistency
via enhanced cell/array uniformity also extends cycling
longevity by lowering the number of erase pulses
required. Additionally, the Intel ETOX cell, in
combination with optimal WSM control, typically
requires a very low number of pulse repetitions to
achieve a program or erase state (typically one pulse for
programming). This also lessens the pulse count,
extending cycling livelihood.

Improvements in isolation, both from cell to cell and
around the floating gate, have mitigated charge retention
and data disturb concerns.

Read Access
Intel Flash Memory architecture has evolved by leaps

and bounds since its inception. Read access time (tacc)
has made significant gains, while maintaining very high
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levels of noise immunity. The 27F64’s fastest speed bin
was 150 ns, while the 28F016SA will offer a 5.0V 70-
ns/80-ns version with +5%/10% Vcc tolerance and a
3.3V +0.3V 120-ns version.

Double metal, introduced on ETOX III, has been the
biggest contributing factor toward improving read
access times. This enhancement reduces wordline and
bitline resistance, thereby enabling faster cell turn-on
and sensing paths during read operations. Continually-
improved circuit designs also contribute to shorter read
timings. Again, cell and array compaction enables
inclusion of new/additional circuitry that enhance read
performance, and will also allow future 3.3V parts with
access times much faster than their 5.0V predecessors.

FLASH vs. OTHER SEMICONDUCTOR
MEMORY TECHNOLOGIES

Intel’s scaling advances in flash memory manufacturing
and design provide optimal cell/array compaction. In
roughly twenty-two years, Intel non-volatile memory
density has grown from 2,048 bits to 16,777,216 bits, a
factor of 8192x. Figure 15 compares other memory
types to show relative density progression. The fast
ramp in ETOX flash memory density results from its
similarity to EPROM. :

Figure 16 illustrates the relationship between cell sizes
of different memory types and minimum geometries. As
dimensions scale, certain memory types become cell-
size limited (i.e. some components cannot shrink
proportionally). The memory cost-per-bit learning curve
shows flash in a strong position. This curve, shown in
Figure 17, reflects how Intel’s experience reduces cost
for increased memory density.

Since the late 1980’s, a new memory sub-system has
arrived on the market offering an alternative to high-
density file system media. Intel’s Series 2+ Flash
Memory Cards take advantage of the 28F016SA and its
third-generation architecture to provide card densities of
up to 40 Mbytes and new functionality. This relatively
new technology offers a solid-state file system (Figure
18) that will double in density with new ETOX
generations.
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Intel 28F016XD Embedded Flash RAM

Product Brief

B Innovative embedded flash
RAM device:
DRAM:-like system interface
Nonvolatile, updatable and
low power

M Better price and performance
than DRAM + ROM and
DRAM + HDD:

Offers higher integration and
3.3V capability

Requires lower power and less

board space

B Ideal for embedded applications:
Datacom
Office automation
Telecom
Computing
Games

E Simple DRAM-like interface:
Allows use of standard
DRAM controllers
Optimizes time to market
Sits directly on a cachable
bus

B Ideal for portable
applications

Easy interface to systems using
embedded processors:
For i960°KX, i960CS, i960JX
and Intel386™EX CPU-based
systems

B Internally partitioned into 32
software-lockable, 64-KB blocks

B SmartVoltage feature:
Supports both 5V and 12V
device writes and 5V or 3.3V
device reads

B First flash memory device with
DRAM:-like interface

*,

Product Description

The Intel 28F016XD embedded flash RAM is an innovative 16Mb memory
component that combines a DRAM-like system interface with the nonvolatility,
updatability and lower power of flash memory. The 28F016XD embedded flash
RAM is an ideal solution for embedded applications where redundant code DRAM
+ROM or code DRAM + HDD were used for code execution/storage memory.

Its simple DRAM-like interface allows use of standard DRAM controllers, opti-
mizing time to market. In addition, the Intel 28F016XD embedded flash RAM is
in-system updatable, reducing the risk of early manufacturing as compared to
DRAM + ROM and DRAM + OTP EPROM options. The Intel 28F016XD
embedded flash RAM can easily interface to systems using such embedded
processors as the 1960°KX,, 960X, 1960JX and the Intel386™EX CPU-based
systems. Several vendors offer 28F016XD embedded flash RAM SIMM modules,
making it easier to upgrade code DRAM designs to embedded flash RAM.

The Intel 28F016XD embedded flash RAM is internally partitioned into 32
software-lockable, 64-KB blocks. Like Intel’s 28F016SV SmartVoltage device,
the 28F016XD embedded flash RAM supports both 5V and 12V device writes as
well as 5V or 3.3V device reads. Because the Intel 28F016XS embedded flash
RAM is a nonvolatile, code storage and execution solution, there is no need for
refresh, redundant memory or HDD “spin-up” latency when returning from deep
power-down mode. It also enables instant-on system design.

The Intel 28F016XD embedded flash RAM, which is the first flash memory device
with a DRAM-like interface, is particularly well suited for data communications,
office automation, telecommunications, computing and games.

Other brands and names are the property of their respective owners.
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