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1.0 INTRODUCTION

This application note discusses comparisons between the
28F016XD and DRAM memories. It aso 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 28FO08SA and adds
the following features:

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

SmartV oltage technology
3.3V or 5.0V Vcc operation

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 Ag—Ao.

The 28F016XD is fully nonvolatile, 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
(1M x 16) DRAMsin 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
DRAMs is that flash memory specifications reference a
Vpp voltage, used with data write and erase operations.
All Vpprelated 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 V¢ 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 V| o (lockout) voltage. This
specification relates to circuitry within the flash memory
that protects it from unwanted data alteration. The V| «o
specification is not found in DRAM datasheets. The
28F016XD also provides the deep power-down mode,
not available on DRAMs. 28F016XD read, standby
(CMOS), RASH#-only refresh and CASH-before-RASH
refresh currents are al lower than those seen with
DRAMSs.

A comparison between the 28F016XD and representative
16-Mbit DRAMs (valid at the time this application note
was written) isshown in Table 1.
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Table 1. 28F016XD Read, Standby and Refresh Currents Compared to 60 ns—70 ns 16-Mbit DRAM

Parameter DRAM 28F016XD DRAM 28F016XD
(3.3v) (3.3v) (5.0v) (5.0v)
Vcc Read Current 90-150 mA 70 mA 90-160 mA 120 mA
V¢ Fast Page Mode Read Current 80 mA 60 mA 70-140 mA 110 mA
V¢ Standby Current (CMOS Inputs) 400 pA 130 pA 300 pA 130 pA
Ve Standby Current (TTL Inputs) 2mA 4 mA 2mA 4 mA
Ve CAS#-before-RAS# Refresh 90-160 mA 55 mA 90-150 mA 65 mA
Current
Ve RAS#-Only Refresh Current 90-150 mA 70 mA 90-160 mA 120 mA
Vce Standby Current 5mA 55 mA 5mA 65 mA
(Self Refresh Mode)

Tables 2 and 3 show added and revised (as compared to 16-Mbit DRAM) 28F016XD DC specifications.

Table 2. 28F016XD Added/Revised DC Characteristics
Vce=3.3V £0.3V, Ta =0°C to +70°

Sym Parameter Min Typ Max Unit Test Condition

Iccl Ve Word Read Current 50 70 mA |Vcc =Vec Max

RAS#, CAS# = VL
RAS#, CAS#, Addr.
Cycling @ trc = min
lour =0 MA

Inputs = TTL or CMOS

Single Row and Column
Address Valid
throughout Cycle

lcc2 Ve Standby Current 1 4 mA  |Vcc = Vee Max
RAS#, CAS#, RP# = V|4
WP#, 3/5# = V|_or V|4

lcc3 Vcc RAS#-Only Refresh 50 70 mA Vce = Vee Max
Current CAS# =V
RAS# =V
RAS#, Addr. Cycling
@ trc = min

Inputs = TTL or CMOS
Single Row Address Valid
throughout Cycle

ADVANCE INFORMATION
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Vcc=3.3V+£0.3V, Ta =0°Cto +70°
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Table 2. 28F016XD Added/Revised DC Characteristics (Continued)

Sym

Parameter

Min

Typ

Max

Unit

Test Condition

lccd

Vcc Fast Page Mode
Word Read Current

40

60

mA

Vce = Vee Max

RASH#, CAS# = Vi

CAS#, Addr. Cycling
@ tpc = min

lour =0 MA

Inputs = V| or Vi

Single Column Address
Valid throughout
Cycle

lcch

Ve Standby Current

70

130

Vce = Vee Max
RAS# CAS# RP# = Vcc
0.2V

WP#, 3/5# = Vcc * 0.2V
or GND + 0.2V

lccb

Vcc CAS#-before-RAS#
Refresh Current

40

55

mA

Vce = Vee Max

CASH#, RAS# = VL

CASH#, RASH#, Addr.

Cycling @ trc = min

Inputs = TTL or CMOS

Address Static throughout
Cycle

lcc7

Vcc Standby Current
(Self Refresh Mode)

40

55

mA

Vce = Vee Max

RAS#, CAS# = VL

lour =0 MA

Inputs = V| or Vi

Address Static throughout
Cycle

Iccp

Ve Deep Power-Down
Current

RP#=GND £ 0.2V

lccw

Ve Word Write Current

12

mA

Vpp =12.0V + 5%
Word Write in Progress

17

mA

Vpp = 5.0V + 10%
Word Write in Progress

lcce

V¢ Block Erase Current

12

Vpp =12.0V + 5%
Block Erase in Progress

17

Vpp = 5.0V + 10%
Block Erase in Progress

Icces

Vcc Erase Suspend
Current

RAS#, CAS# = Vi
Block Erase Suspended

Ipps

Vpp Standby/Read
Current

+10

Vpp £ Vce

30

200

Vpp >Vce

IpPD

Vpp Deep Power-Down
Current

0.2

RP#=GND £ 0.2V

ADVANCE INFORMATION
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Table 2. 28F016XD Added/Revised DC Characteristics (Continued)
Vcc=3.3V +0.3V, Ta=0°Cto +70°

Sym Parameter Min Typ Max Unit Test Condition
IpPw Vpp 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 HA Block Erase Suspended
Current
VPPLK Vpp Erase/Write Lock 0.0 15 \
Voltage
VppHl Vpp during Write/Erase 45 5.0 55 \%
Operations
VppH2 Vpp during Write/Erase 11.4 12.0 12.6 \%
Operations
VLko V¢ Erase/Write Lock 2.0 \%
Voltage

Table 3. 28F016XD Added/Revised DC Characteristics
Vce=5.0V £ 0.5V, Ta =0°Cto +70°C

Sym

Parameter

Min

Typ

Max

Unit

Test Condition

lccl

Vcc Word Read Current

90

120

mA

Vce = Vee Max

RAS#, CAS# = VL
RAS#, CAS#, Addr.
Cycling @ trc = min
lour =0 MA

Inputs = TTL or CMOS

Single Row and Column
Address Valid
throughout Cycle

lcc2

Vcc Standby Current

mA

Vcce = Vee Max
RAS#, CAS#, RP# = V|4
WP#, 3/5# = V|_or V|4

lcc3

Vcc RAS#-Only Refresh
Current

90

120

mA

Vce = Vee Max

CAS# =V

RAS# =V

RAS#, Addr. Cycling @ trc

=min

Inputs = TTL or CMOS

Single Row Address Valid
throughout Cycle

ADVANCE INFORMATION
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Table 3. 28F016XD Added/Revised DC Characteristics (Continued)
Vce=5.0V £0.5V, Ta=0°Cto +70°C

Sym Parameter Min Typ Max Unit Test Condition
lccd Vcc Fast Page Mode 80 110 mA Vce = Vee Max
Word Read Current RAS#, CAS# = VL
CAS#, Addr. Cycling @ tpc
=min
lour =0 MA

Inputs = V| or Vi

Single Column Address
Valid throughout
Cycle

lcch Vcc Standby Current 70 130 HA Vce = Vee Max

RAS#, CAS#, RP# = Vcc
+0.2V

WP#, 3/5# = Vcc + 0.2V
or GND + 0.2V

lccb Vcc CAS#-before-RAS#H 50 65 mA Vce = Vee Max

Refresh Current CAS#, RAS# = VL

CASH#, RASH#, Addr.
Cycling @ trc = min
Inputs = TTL or CMOS
Address Static throughout

Cycle
lcc7 Vcc Standby Current 50 65 mA Vce = Vee Max
(Self Refresh Mode) RAS#, CAS# = V|
lour =0 MA

Inputs = V| or Vi
Address Static throughout

Cycle
lcco Vcc Deep Power-Down 2 5 HA RP# =GND + 0.2V
Current
lccw Vcc Word Write Current 25 35 mA  |Vpp =12.0V £ 5%
Word Write in Progress
25 40 mA  |Vpp =5.0V + 10%
Word Write in Progress
lcce Vcc Block Erase Current 18 25 mA  |Vpp =12.0V £ 5%
Block Erase in Progress
20 30 mA  |Vpp =5.0V + 10%
Block Erase in Progress
lcces Vcc Erase Suspend 2 4 mA RAS#, CAS# = V|4
Current Block Erase Suspended
lpps Vpp Standby/Read +1 +10 HA Vpep £ Vcc
Current 30 200 HA Vpp > Vce
IpPD Vpp Deep Power-Down 0.2 5 HA RP# =GND + 0.2V
Current

ADVANCE INFORMATION
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Table 3. 28F016XD Added/Revised DC Characteristics (Continued)

Vce=5.0V £0.5V, Ta =0°Cto +70°C

Sym Parameter Min Typ Max Unit Test Condition
IpPw Vpp Word Write Current 12 mA  |Vpp =12.0V £ 5%
Word Write in Progress
22 mA  |Vpp =5.0V + 10%
Word Write in Progress
lpPE Vpp Block Erase Current 10 mA  |Vpp =12.0V £ 5%
Block Erase in Progress
20 mA  |Vpp =5.0V + 10%
Block Erase in Progress
IpPES Vpp Erase Suspend 50 HA Block Erase Suspended
Current
VppLK Vpp Erase/Write Lock 0.0 15 \%
Voltage
VppHl Vpp during Write/Erase 45 5.0 55 \%
Operations
VppH2 Vpp during Write/Erase 11.4 12.0 12.6 \%
Operations
Viko Vcc Erase/Write Lock 2.0 \%
Voltage

2.2 Timing Specifications

28F016XD timing specifications are divided into the
following categoriesin the datasheet:
Common Parameters
Read Cycle
Write Cycle
Read-Modify-Write Cycle
Fast Page Mode Cycle (including fast page mode
read-modify-write)
Refresh Cycle (including refresh period)
Miscellaneous

Many 28F016XD specifications match or improve on
those of 60 ns and 70 ns DRAMs. Programming
additional DRAM  controller  wait-states  will
accommodate most slower 28F016XD specs.

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 RASH# 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-RASH# precharge time are slightly longer
than those for DRAM.

ADVANCE INFORMATION
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Table 4. 28F016XD Common Parameters Compared to 60 ns—70 ns 16-Mbit DRAM

Sym Description DRAM 28F016XD DRAM 28F016XD
(3.3V) (3.3V) (5.0V) (5.0V)
trp RASH# Precharge Time (min) 40 ns 10 ns 40-50 ns 10 ns
tcp CAS# Precharge Time (min) 10 ns 15 ns 10 ns 15 ns
tasr Row Address Set-Up Time (min) Ons Ons Ons Ons
tRAH Row Address Hold Time (min) 10 ns 15ns 10 ns 15ns
tasc Column Address Set-Up Time (min) Ons Ons Ons Ons
tcan Column Address Hold Time (min) 10-15ns 20 ns 10-15ns 20 ns
tcrp CAS# to RAS# Precharge Time (min) 5ns 10 ns 5ns 10 ns
tbzo OE# Delay Time from Data-In (min) Ons Ons Ons Ons
tozc CAS# Delay Time from Data-In (min) Ons Ons Ons Ons

Read Cycle Specifications

28F016XD read cycle specification incompatibilities
compared to DRAM can be summarized in the following
three points:

The 28F016XD’ s access time from column address is
longer than that for DRAM

ADVANCE INFORMATION

The 28F016XD’s access time from OE# and CAS#
activeislonger than that for DRAM

The 28F016XD’'s data tri-state delay from OE#,
RAS# or CASt# inactive islonger than that for DRAM

Table 5 compares 28F016XD read cycle specifications to
DRAM, with incompatible specifications shaded for
emphasis. Areas where the 28F016XD improves upon
DRAM specifications are outlined in bold.
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Table 5. 28F016XD Read Cycle Specifications Compared to 60 ns—70 ns 16-Mbit DRAM

Sym Description DRAM 28F016XD DRAM 28F016XD
(3.3V) (3.3V) (5.0V) (5.0V)
trer) | Random Read Cycle Time (min) 110 ns 105 ns 110-130 ns 95 ns
trasr) | RAS# Pulse Width (Reads) (min) 70 ns 95 ns 60-70 ns 85ns
tcasr) | CAS# Pulse Width (Reads) (min) 15ns 40 ns 15-20 ns 35ns
trepr) | RAS# to CASH# Delay Time (Reads) (min) 15-20 ns 15 ns 15-20 ns 15 ns
trsHr) | RAS# Hold Time (Reads) (min) 15ns 30 ns 15-20 ns 30 ns
teshr) | CAS# Hold Time (Reads) (min) 70 ns 95 ns 60-70 ns 85ns
traC Access Time from RAS# (max) 70 ns 95 ns 60-70 ns 85ns
tcac Access Time from CAS# (max) 15ns 40 ns 15-20 ns 35ns
taa Access Time from Column Address (max) 30 ns 75 ns 30-35ns 65 ns
toea OE# Access Time (max) 13-15ns 40 ns 15-20 ns 35ns
tres Read Command Set-Up Time (min) Ons 5ns Ons 5ns
trcH Read Command Hold Time Referenced to Ons Ons Ons Ons
CAS# (min)
tRRH Read Command Hold Time Referenced to Ons Ons Ons Ons
RAS# (min)
trAL Column Address to RAS# Lead Time (min) 75 ns 15ns 30-35ns 15ns
tcaL Column Address to CAS# Lead Time (min) 30 ns 75 ns 30-35ns 65 ns
terz CAS# to Output in Low-Z (min) Ons Ons Ons Ons
ton Output Data Hold Time (min) 0Ons 0Ons 0Ons 0Ons
toHo Output Data Hold Time from OE# (min) Ons Ons Ons Ons
torr Output Buffer Turn-Off Delay (max) 13-15ns 30 ns 15 ns 30 ns
togz Output Buffer Turn-Off Delay Time from 13-15ns 30 ns 15-20 ns 30 ns
OE# (max)
tcop CAS# to Data in Delay Time (min) 13-15ns 30 ns 15-20 ns 30 ns

ADVANCE INFORMATION
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Write Cycle Specifications

Most 28F016XD write cycle  specification
incompatibilities compared to DRAM can be
summarized by the fact that the 28F016XD CAS# active
pulse width during writes is longer than the DRAM
requirement. The 28F016XD’s data hold time and WE#
hold time from CAS# are also longer than that specified
for 3.3V DRAM. Table 6 compares 28F016XD write
cycle specifications to DRAM, with incompatible
specifications shaded for emphasis. Areas where the
28F016XD improves upon DRAM specifications are
outlined in bold.
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Read-Modify-Write Cycle Specifications

28F016XD  read-modify-write cycle specification
incompatibilities compared to DRAM are caused by a
combination of the read and write cycle incompatibilities
described earlier. Read-modify-cycles are commonly
used to “flip bits’ in DRAM data tables and video
memory. Given the flash memory usage model (read
mostly, ater data infrequently), read-modify-write cycles
to the 28F016X D will not occur in most applications.

Table 7 compares 28F016XD read-modify-write cycle
specifications to DRAM, with  incompatible
specifications shaded for emphasis.

Table 6. 28F016XD Write Cycle Specifications Compared to 60 ns—70 ns 16-Mbit DRAM

Sym Description DRAM 28F016XD DRAM 28F016XD
(3.3v) (3.3v) (5.0v) (5.0v)
trew) | Random Write Cycle Time (min) 110 ns 90 ns 110-130 ns 75 ns
trasw) | RAS# Pulse Width (Writes) (min) 70 ns 80 ns 60-70 ns 65 ns
tcasw) | CAS# Pulse Width (Writes) (min) 15ns 65 ns 15-20 ns 50 ns
trepw) | RASH# to CASH# Delay Time (Writes) (min) 15 ns 15 ns 15 ns 15 ns
trsHw) | RAS# Hold Time (Writes) (min) 15ns 65 ns 15-20 ns 50 ns
tesHwy | CAS# Hold Time (Writes) (min) 70 ns 80 ns 60-70 ns 65 ns
twes Write Command Set-Up Time (min) Ons Ons Ons Ons
tweH Write Command Hold Time (min) 8-10ns 15ns 10-15ns 15ns
twer Write Command Hold Time Referenced to 30-55ns 30 ns 45 ns 30 ns
RAS# (min)
twe Write Command Pulse Width (min) 15ns 15ns 15ns 15ns
trwiL Write Command to RAS# Lead Time (min) 15-20 ns 65 ns 15-20 ns 50 ns
towl Write Command to CAS# Lead Time (min) 15ns 65 ns 15-20 ns 50 ns
tbs Data-In Set-Up Time (min) 0Ons 0Ons 0Ons 0Ons
toH Data-In Hold Time (min) 10 ns 15ns 10-15ns 15ns
Table 7. 28F016XD Read-Modify-Write Cycle Specifications Compared to 60 ns—70 ns 16-Mbit
Sym Description DRAM 28F016XD DRAM 28F016XD
(3.3v) (3.3v) (5.0v) (5.0v)
trwe Read-Modify-Write Cycle Time 155-160 ns 200 ns 150-185 ns 175 ns
tcwp CAS# to WE# Delay Time 38-40 ns 70 ns 35-50 ns 65 ns
tawp Column Address to WE# Delay Time 53-55 ns 105 ns 50-65 ns 100 ns
toeH OE# Command Hold Time 0-15ns 15ns 15-20 ns 15ns

ADVANCE INFORMATION
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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 may automatically receive the same refresh
cycles that DRAM receives. The 28F016XD supports all
common refresh cycles; CAS#-before-RASH#, RASH-
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 ns-70 ns 16-Mbit DRAM

Sym Description DRAM | 28F016XD | DRAM | 28F016XD
(3.3v) (3.3v) (5.0v) (5.0v)

trcr) Fast Page Mode Cycle Time (Reads) (min) 35-45 ns 75 ns 35-45 ns 65 ns

tecw) Fast Page Mode Cycle Time (Writes) (min) 35-45 ns 80 ns 35-45 ns 65 ns

traspr) | RAS# Pulse Width (Reads) (min) 60-70 ns 95 ns 60 ns 85ns

traspw) | RAS# Pulse Width (Writes) (min) 60-70 ns 80 ns 60 ns 65 ns

tcpa Access Time from CAS# Precharge (max) 35-40 ns 85ns 35-40 ns 70 ns

tepw WE# Delay Time from CAS# Precharge (min) 10 ns 0ns 10 ns 0ns

teprur) | RAS# Hold Time from CAS# Precharge 35ns 75 ns 35-45 ns 65 ns
(reads) (min)

teprrw) | RAS# Hold Time from CAS# Precharge 35ns 80 ns 35-45 ns 65 ns
(writes) (min)

tprWC Fast Page Mode Read-Modify-Write Cycle 85ns 170 ns 85-100 145 ns
Time (min) ns

10

ADVANCE INFORMATION
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Table 9. 28F016XD Refresh Cycle Specifications Compared to 60 ns—70 ns 16-Mbit DRAM

Refresh) (min)

Sym Description DRAM 28F016XD DRAM 28F016XD
(3.3v) (3.3v) (5.0v) (5.0v)
tcsr | CAS# Set-Up Time (CAS#-before-RAS# 5ns 10 ns 10 ns 10 ns

tcyr | CAS# Hold Time (CAS#-before-RAS#
Refresh) (min)

10-15 ns 10 ns 10-20 ns 10 ns

twrp | WE# Set-Up Time (CAS#-before-RASH# 10 ns 10 ns 10 ns 10 ns
Refresh) (min)

twrn | WE# Hold Time (CAS#-before-RAS# Refresh) 15ns 10 ns 10-15ns 10 ns
(min)

trpc | RASH# Precharge to CAS# Hold Time (min) 5ns 10 ns 0-10 ns 10 ns

trass | RAS# Pulse Width (Self-Refresh Mode) (min) 100 ps 0ns 100 ps 0ns

trps | RAS# Precharge Time (Self-Refresh Mode) 40 ns 10 ns 40-50 ns 10 ns
(min)

tcpn | CASH# Precharge Time (Self-Refresh Mode) 10 ns 10 ns 10 ns 10 ns
(min)

tchs | CAS# Hold Time (Self-Refresh Mode) (min) 600 ns 0ns 600 ns 0ns

tREF Refresh Period (max) 16 ms ¥ 16 ms ¥

Miscellaneous Specifications

The 28F016XD documentation contains timing
specifications not found in DRAM datasheets. These
timings relate to the 28F016XD’s additional control

inputs/outputs and voltages (3/5#, WP#, RP#, RY/BY#,
Vpp) as well as minimum data write and erase durations.
Tables 10 and 11 show these additional specifications, at
3.3V Ve and 5.0V V¢ respectively.

Table 10. 28F016XD Added/Revised AC Timings

Vee =33V £03V, Ty = 0°Cto +70°C

Versions 28F016XD - 95

Parameter Min Max Unit
RP# High to RAS# Going Low 480 ns
RP# Set-Up to WE# Going Low 480 ns
Vpp Set-Up to CAS# High at End of Write Cycle 100 ns
CAS# 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
RP# Low to 3/5# High (tpLvyH) 0 us
3/5# High to RP# High (tynph) 2 us
RP# Low to V¢ at 3.0V (min) or 3.6V (max) (tpL3v) 0 us

ADVANCE INFORMATION
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Table 10. 28F016XD Added/Revised AC Timings (Continued)
Ve =33V £0.3V,Vpp=5.0V £ 0.5V, Ty =0°Cto +70°C

Sym Parameter Min Typ Max Units
twhrnl | Word Write Time TBD 35 TBD ps
twhrH3 | Block Write Time TBD 1.2 TBD sec

Block Erase Time TBD 14 TBD sec
Erase Suspend Latency Time to Read 1.0 12 75 us

Vee =33V 203V, Vpp= 12.0V + 0.6V, T, = 0°C to +70°C

Sym Parameter Min Typ Max Units
twhrnl | Word Write Time 5 9 TBD ps
twhrH3 | 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 us

Table 11. 28F016XD Added/Revised AC Timings
Ve =5.0V £0.5V, Ty =0°Cto +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
CAS# 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
RP# Low to 3/5# Low (tpLvL) 0 us
3/5# Low to RP# High (tyLpH) 2 us
RP# Low to V¢ at 4.5V (min) (tpLsv) 0 us

ADVANCE INFORMATION
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Table 11. 28F016XD Added/Revised AC Timings (Continued)
Vee=5.0V + 0.5V, Vpp=5.0V + 0.5V, T, = 0°C to +70°C
Sym Parameter Min Typ Max Units
twhrnl | Word Write Time TBD 25 TBD ps
twhrH3 | 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 us
Vee=5.0V + 0.5V, Vpp = 12.0V 0.6V, Tp = 0°C to +70°C
Sym Parameter Min Typ Max Units
twhrnl | Word Write Time 45 6 TBD ps
twhrH3 | 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 DRAMSs 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.

ADVANCE INFORMATION

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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35 1 56— WP#
GNDL—] 2 O 55— WE#

NC[C]3 54— OE#
Ag T4 53— RY/BY#
Ag T 5 52—1 DQ1s
A7  m— S 51—1 pQ 5
A = 7 50— DQ14
As  e— Y 49— DQ
Vee = 9 48— GND
rAs# C—] 10 47— DQ 13
cas# ] 11 46— DQs
Ne ] 12 45— DQ 1y
Nc =] 13 E28F016XD 14— DQ4
oo T 14 56-LEAD TSOP PINOUT 43 vee
Vpp 1 15 4271 GND
rRP# T 16 41— pQqy
NCE—H 17 14 mm x 20 mm e — DQ3
NecE— 18 TOP VIEW 39— DQ 1
Nc =] 19 38—1 pDQ,
Nc ] 20 37— Vee
GNDC—] 21 36— DQo
Nc =] 22 35— pQ,
Nc /] 23 34— DQg
A, ] 24 33— bQo
Az — 25 32—1 NC
A T 26 31— Ve
AL 27 30— NC
Ao ] 28 29— NC
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Figure 1. 28F016XD 56-Lead TSOP Type | Pinout Configuration
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2131 02
Figure 2. 28F016XD 56-Lead TSOP Type | Package Dimensions
Family: Thin Small Out-Line Package
Symbol Millimeters
Minimum Nominal Maximum Notes
A 1.20
A 0.050
A, 0.965 0.995 1.025
b 0.100 0.150 0.200
[« 0.115 0.125 0.135
D, 18.20 18.40 18.60
E 13.80 14.00 14.20
e 0.50
D 19.80 20.00 20.20
L 0.500 0.600 0.700
N 56
£ 0° 3° 5°
Y 0.100
z 0.150 0.250 0.350
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Figure 3. 16-Mbit DRAM 42-Lead SOJ Pinout Configuration
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Figure 4. 16-Mbit DRAM 44-Lead TSOP Pinout Configuration
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Table 12. 28F016XD Pinout Compared to 16-Mbit DRAM

Pin Name 42-Lead SOJ DRAM 44-Lead TSOP DRAM 56-Lead TSOP
Pin Number Pin Number 28F016XD Pin Number

Vee 1,6,21 1,6,22 9,31,37,43
Vpp — — 15
GND 22, 37,42 23,39, 44 2,14,21,42,48
DQq 2 2 33
DQ; 3 3 35
DQ, 4 4 38
DQs 5 5 40
DQq 7 7 44
DQs 8 8 46
DQs 9 9 49
DQ-, 10 10 51
DQg 33 35 34
DQq 34 36 36
DQqq 35 37 39
DQy; 36 38 41
DQ12 38 40 45
DQ13 39 41 47
DQy,4 40 42 50
DQis 41 43 52

Ag 17 18 28

A 18 19 27

A, 19 20 26

Az 20 21 25

Ay 23 24 24

As 24 25 8

Ag 25 26 7

A 26 27 6

Ag 27 28 5

Ag 28 29 4
WE# 13 14 55

ADVANCE INFORMATION
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Table 12. 28F016XD Pinout Compared to 16-Mbit DRAM (Continued)
Pin Name 42-Lead SOJ DRAM 44-Lead TSOP DRAM 56-Lead TSOP
Pin Number Pin Number 28F016XD Pin Number
OE# 29 30 54
RAS# 14 15 10
CAS# — — 11
CASL# 31 32 —
CASH# 30 31 —
RP# — — 16
RY/BY# — — 53
WP# — — 55
3/5# — — 1
NC 11, 12, 15, 16, 32 11, 12,13, 33, 34 3,12, 13, 17, 18, 19, 20,
22, 23, 29, 30, 32

2.4 Capacitance

28F016XD input/output capacitance specifications
compared to 16-Mbit DRAMs are shown in Table 13.

3.0 28F016XD INTERFACING TO
DRAM CONTROLLERS

Section 2.0 identified areas of compatibility and
incompatibility between the 28F016XD and DRAMSs.
This section, on the other hand, discusses how to
determine the 28F016XD’s ability to interface with an
aready-designed DRAM controller. Section 3.0 is
divided into three topics:

Configurable Specification Interfacing
Non-Configurable Specification Interfacing
Additional 28F016XD Interface Hardware

Figure 5 shows an example interface between the
28F016XD and system CPU via a standard DRAM
controller. This interface diagram will be used in the
example calculations to follow. The DRAM controller
provides no RD# output, so the 28F016XD’s OE# input
is grounded. CAS# low in conjunction with active WR#
is decoded as a write, overriding OE#. Parity is disabled
within the DRAM controller (at least for the banks in
which the 28F016XD resides).

Note that data buffering is done by the DRAM controller
itself. In designs that do not provide this capability or in
very high chip count arrays, transceivers can be used to
minimize CPU local bus or DRAM bus loading by the
DRAM/28F016XD  memory  subsystem.  When
determining the need for isolation transceivers, keep in
mind that the 28F016XD input and output capacitance
are higher than those for comparable DRAM (as
explained in Section 2.4).

Table 13. 28F016XD Capacitance Specifications Compared to 16-Mbit DRAM

Symbol Description DRAM 28F016XD DRAM 28F016XD
(3.3V) (3.3V) (5.0V) (5.0V)
Cin Capacitance Looking into an Address Pin 5 pF 8 pF 5-6 pF 8 pF
CeTrL Capacitance Looking into a Control Pin 7 pF 8 pF 7 pF 8 pF
Cout Capacitance Looking into an Output Pin 7 pF 12 pF 7-10 pF 12 pF

18
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i
R
MEMORY INT RY/BY#
CONTROLLER
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WR# » WE#
CPU D ——— RASX# > RAS#ZSFOlGXD
CASx# » CAS#
Agg P Ago
Diso [ » DQis50
OE# 3/5# GND

—t
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Figure 5. Example DRAM Controller Interface to the 28F016XD

Please reference Figures 6 and 7 for example DRAM
controller waveforms, which will aso be used in
calculations to follow. These diagrams show timings for
a 1x-clock driven (i.e., 25 or 33 MHz) system. For a 2x-
clock driven (i.e.,, 50 or 66 MHz) DRAM controller
waveform, the main difference is in the clock period
shown; CLK is halved within the DRAM controller to
generate its signals. The X-Y-Y-Y format shows how
many 1x or 2x clock cycles are used for the first data
access (including RAS# transitions) and subsequent
accesses (toggling CAS# in fast page mode).

The examples assume that both minimum and maximum
delays after CLK edges are provided for RASH, CASH
and addresses. If minimum delays are not given in
DRAM controller documentation, contact the vendor for
more information. Alternatively, a 0 ns delay can be
assumed, although this may impact interface to the
28F016XD.

X-Y-Y-Y wait-state formats are often shown in

conjunction with a clock frequency (i.e., 4-2-2-2 at 33
MHz) in DRAM controller datasheets. This does not

ADVANCE INFORMATION

mean that this wait-state setting is unique to the CLK
shown; wait-state settings are frequency-independent
from the DRAM controller point of view. The wait-state
format/clock frequency combination simply indicates a
standard DRAM speed hin setting (i.e.,, 60 or 70 ns
DRAM). For DRAM controllers with minimal flexibility
in wait-state configuration, the 28F016XD may still be
interface-compatible, albeit at a slower frequency.

The following sections will make the assumptions listed
below:

The DRAM controller will not generate read-modify-
write cycles to the 28F016XD.

Only areas in which 28F016XD specifications exceed
those for DRAM will be discussed. Compatibility is
assumed when 28F016XD specifications match or
improve upon DRAM specifications.

Signal transition times (rise and fall) will not be
included in example calculations.
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T4 T5
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DATA (WRITES) m
2131_06
Figure 6. 4-2-2-2 Fast Page Mode DRAM Controller Sequence
CLK ’
T1 T3 T8
+—> +«—> <+
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RAS# \
T4 T5

T/

T6

A

>
>

WE#

e

T7

DATA (WRITES) : gggg

A
v
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Figure 7. 5-3-3-3 Fast Page Mode DRAM Controller Sequence
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3.1 Configurable Specification
Interfacing

Many 28F016XD specification incompatibilities (with
respect to DRAM) can be resolved by programming the
DRAM controller for additional wait-states. Most DRAM
controllers have a programmable CAS# low time (and
some can be programmed with different settings for
reads and writes). Additionally, some DRAM controllers
aso alow the RASH#-to-CASH# delay to be programmed.

tcac

This specification gives the timing delay from CAS#
active to valid data during memory reads. When
calculating the required toac setting needed to interface
the 28F016XD to the system CPU, include not only the
raw memory access time but also the propagation delay
of the DRAM controller buffers or transceiver logic, and
the data set-up timeto CLK of the CPU.

The example shows that at 33 MHz, a 5-3-3-3 DRAM
controller setting will accommodate the 28F016XD teac
access time, buffer/transceiver propagation delay and
CPU set-up time requirements.

AP-384

Both of these settings automatically extend the RAS#
low time.

Focus on the following specifications when determining
proper DRAM controller configuration for the
28F016XD. With the exception of specifications
discussed in Section 3.2, al other specification
incompatibilities between the 28F016XD and DRAM
will be satisfied if these four requirements are met:

Example:

t4 = 5 ns(max)

teLk = 30 ns (33 MHz CLK)

tprop = 8 Ns (Max)

tseTup = 2 NS (Min)

teac (required) = (tci k - t4) - trop - tseTup + (Wait-
states)

DRAM Controller DRAM Controller 28F016XD tcac 28F016XD tcac
tcac Requirement tcac Requirement Specification Specification
(4-2-2-2) (5-3-3-3) (5.0V Vce) (3.3V Vo)
15 ns 45 ns 35ns 40 ns
tan
This specification gives the timing delay from column Example:

address stable to valid data during memory reads. The
28F016XD is an enhanced fast page mode memory; a
read access begins when column address is stable versus
waiting to begin until CAS# transitions low. DRAM
controllers that can provide a stable address in advance
of CAS#s active transition will interface to the
28F016XD with minimal additional wait-states.

The example shows that at 33 MHz, a 5-3-3-3 DRAM
controller setting will accommodate the 28FO16XD tp
access time, buffer/transceiver propagation delay and
CPU set-up time requirements.

t3 = 5 ns(max)

to k= 30 ns (33 MHz CLK)

tprop = 8 Ns (Max)

tseTup = 2 NS (Min)

tan (required) = (to  + ek - ta) - tprop - tseTup + (Wait-
states)

DRAM Controller taa DRAM Controller tya 28F016XD tap 28F016XD tpp
Requirement Requirement P Specification
Specification
(4-2-2-2) (5-3-3-3) peciiicatl 3.3V Veo)
(5.0V Vo)
45 ns 75 ns 65 ns 75 ns

ADVANCE INFORMATION
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trac

This specification gives the timing delay from RAS#
active to valid data during memory reads.

The example shows that at 33 MHz, a 5-3-3-3 DRAM
controller setting will accommodate the 28F016XD tgac
access time, buffer/transceiver propagation delay and
CPU set-up time requirements.

intgl.

Example:

t, = 5 ns(max)

to k= 30 ns (33 MHz CLK)

tprop = 8 Ns (Max)

tseTup = 2 NS (Min)

trac (required) = (teLk +terk +terk - 12) - trrop - tseTup
+ (wait-)

DRAM Controller DRAM Controller 28F016XD trac 28F016XD trac
trac Requirement trac Requirement Specification Specification
(4-2-2-2) (5-3-3-3) (5.0V Vce) (3.3V Vo)
75ns 105 ns 85ns 95 ns
tcasw)
Example:

This specification defines the minimum CAS#-active
time required to successfully write a command to the
28F016XD.

The example shows that at 33 MHz, a 5-3-3-3 DRAM
controller setting will accommodate the 28F016XD
tcagw) time a 5.0V Vg, but that a 6-4-4-4 setting or
lower CLK frequency will be required at 3.3V Vc.

t4 = 5 ns(max)

ts = 2 ns(min)

to k =30 ns (33 MHz CLK)

tCAS(W) (required) = (tCLK +15- t4) + (Walt-StateS)

DRAM Controller DRAM Controller 28F016XD tcasan 28F016XD tcasan
tcasw Requirement tcaswy Requirement Specification Specification
(4-2-2-2) (5-3-3-3) (5.0V Vce) (3.3V Vo)
27 ns 57 ns 50 ns 65 ns

22
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3.2 Non-Configurable Specification
Interfacing

Some 28F016XD specification incompatibilities (with
respect to DRAM) cannot be resolved by configuring
DRAM controller wait-states. Determining DRAM
controller compatibility with these specifications is
crucial for ensuring the ability to interface to the
28F016XD.

tcan

This specification describes the minimum column
address hold after CAS# active transitions.

In this example, the 28F016X D successfully interfaces to
the DRAM controller.

AP-384

Focus on the following non-configurable specifications
when  determining proper DRAM  controller
configuration for 28F016XD. In combination with the
configurable specifications discussed in Section 3.1, all
other specification incompatibilities between the
28F016XD and DRAM will be satisfied if these
requirements are met:

Example:

ty = 5 ns(max)

tg =2 ns(min)

toLk =30 ns (33 MHz CLK)
toan (required) =te i +tg-ty

DRAM Controller tcay
Requirement

28F016XD tcay Specification
(5.0V Vo)

28F016XD tcay Specification
(3-3V Vo)

27 ns

20 ns

20 ns

tep

Example:

This specification describes the minimum CAS#-high
(inactive) time requirement between consecutive
accesses to the 28F016XD.

In this example, the 28F016X D successfully interfaces to
the DRAM controller.

t, =2 ns(min)
ts = 5 ns (max)
to k =30 ns (33 MHz CLK)
tep (required) =tg i + 4 - ts

DRAM Controller tcp
Requirement

28F016XD tcp Specification
(5.0V Vo)

28F016XD tcp Specification
(3-3V Vo)

27 ns

15 ns

15 ns

tcrp

This specification describes the minimum CAS#-high
(inactive) to RASH#-low (active) precharge time
requirement between consecutive accesses to the
28F016XD.

In this example, the 28F016X D successfully interfaces to
the DRAM controller.

Example:

t, =2 ns(min)

ts = 5 ns (max)

toLk =30 ns (33 MHz CLK)
terp (required) =tg i +tp - ts

DRAM Controller tcgrp
Requirement

28F016XD tcgp Specification
(5.0V Vo)

28F016XD tcgp Specification
(3-3V Vo)

27 ns

10 ns

10 ns

ADVANCE INFORMATION
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tRAH

This specification describes the minimum row address
hold after RAS# active transitions.

In this example, the 28F016X D successfully interfaces to
the DRAM controller.

n
intgl.
Example:
t, = 5 ns (max)
t3 =2 ns(min)

to x = 30 ns (33 MHz CLK)
tran (required) =te i +t3-tp

DRAM Controller tgan
Requirement

28F016XD tgray Specification
(5.0V Vo)

28F016XD tray Specification
(3-3V Vo)

27 ns

15 ns

15 ns

tweH

This specification defines the minimum WE# hold time
after CAS# active transitions. The vast magjority of
DRAM controllers will hold WE# active throughout the
CASt#-low interval, automatically satisfying tycy. For
those that do not, the example below shows how to
calculate the timing relationship between CAS# and
WE#. When determining specification tg, ensure that it is
being specified from the same CLK edge as t,, or add
appropriate to k periodsto adjust tg appropriately.

In this example, the 28F016X D successfully interfaces to
the DRAM controller.

Example:

t4 = 5 ns(max)

tg = 20 ns (min)

to k =30 ns (33 MHz CLK)
tyen (required) = tg - ty

DRAM Controller tycy
Requirement

28F016XD tycH Specification
(5.0V Vo)

28F016XD tycH Specification
(3-3V Vo)

15 ns

15 ns

15 ns

ton

This specification defines the minimum data hold time
after CASH# active transitions. The example below shows
how to calculate the timing relationship between CAS#
and WE#. When determining specification t;, ensure that
it is being specified from the same CLK edge as t,, or
add appropriate tc| k periods to adjust t; appropriately.

In this example, the 28F016X D successfully interfaces to
the DRAM controller.

Example:

ty = 5 ns(max)

t; =20 ns (min)

toLk =30 ns (33 MHz CLK)
tpy (required) =t - t,

DRAM Controller tpy
Requirement

28F016XD tpy Specification
(5.0V Vo)

28F016XD tpy Specification
(3-3V Vo)

15 ns

15 ns

15 ns
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tres

This specification describes the minimum WE# inactive
setup time to CAS# for reads.

Most DRAM controllers available today include a RD#
output and support early write cycles. In these cases,

torr toez and tepp

torr Specifies the maximum delay from CAS# inactive
until the 28F016XD outputs transition to high-Z. togz is
similar, and specifies delay from OE# inactive. tcpp
specifies the minimum delay from CAS# inactive until
the DRAM controller can drive the data bus (for writes to
memory). These specifications are closely related to each
other.

ADVANCE INFORMATION
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WE# is transitioned inactive within a write, as soon as
CASH is activated “low,” or at the conclusion of a write.
This guarantees that WE# will be inactive “high” in
advance of subsequent reads.

The simplest method of ensuring that system designs
accommodate these specifications is to insert a software
delay between aread from the 28F016XD and a write to
memory in the same bank. This gives the 28F016XD
adequate time to disable its outputs and avoids data bus
contention. Alternatively, transceivers (with faster output
float times) can be placed between 28F016XD data
outputs and the DRAM controller data bus.
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3.3 Additional Circuitry Required to
Interface to the 28F016XD

A properly-designed system requires minimal circuitry
beyond the DRAM controller to interface to the
28F016XD. The following sections discuss this circuitry,
much of which is optional.

Vpp Generation

As discussed in Section 2.1, the 28F016XD requires a
Vpp voltage for Data Write and Erase operations. Valid
Vpp voltage ranges are 5.0V + 10% (Vppyl) and 12.0V +
5% (Vppy2). In @ 5.0V system design, the Vpp voltage
can be supplied by the same power supply that provides
Vee and switched for write protection purposes.
Alternatively, Figure 8 shows an example circuit that
generates 12.0V from a 5.0V or 3.3V input.

See the Additional Information section of this document
for information on AP-357, which covers the topic of
12.0V generation in greater detail.

intgl.

RP# (Reset/Power-Down) has severa functions:

RP# Input

Resets internal automation

Transitions the 28F016XD to deep power-down
mode

Provides write protection during system power
transitions

Circuitry like that shown in Figure 9 should be used to
control RP#. Application Note AP-374 covers the topic
of flash memory write protection in great detail; see the
Additional Information section of this document. GPIO
general purpose input/output (for power management)
and system RESET# control are optional depending on
application.

WP# Input

WP# allows selective lock of blocks within the
28F016XD to prevent unwanted data ateration. If this
functionality is desired, it can be implemented via GPIO
control. Otherwise, WP# can be disabled by connecting it
toVee.

INPUT
VOLTAGE T |+
V+ _:::[:2_
LX OUTPUT
VOLTAGE
MAX734
ON/OFF# SHDN#

2131 08

Figure 8. 12.0V Converter with Integrated Switch
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FLASH
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RESET#
GPIO

MR#

SYSTEM
RESET#

POWER
GOOD

MAX705
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Figure 9. RP# Control for the 28F016XD

RY/BY# Output

RY/BY# provides hardware indication of the status of
internal 28F016XD automation, and can be connected to
a system interrupt input if desired. Alternatively, the
28F016XD  Status Registers provide identical
information and can be read by system software to
determine completion of Data Write and/or Erase.

Parity

The 28F016XD, unlike some DRAMSs, does not provide
parity information. If parity is required for the DRAM
subsystem and the DRAM controller provides only
global parity enable/disable (or requires parity), external
circuitry such as a PAL or dedicated logic chip can
supply parity bits during 28F016XD reads. See Figure 10
for an example.

RAS#
= »
CASH#
=
WE# > 28F016XD
DATA DATA
RAS#
L
cast c
=l
PARITY |
WE# ¢
—>

2131 10

Figure 10. External Parity Generation
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4.0 DESIGNING 28F016XD
COMPATIBILITY AND
OPTIMIZATION INTO DRAM
CONTROLLERS

Timing Analysis

Section 2.2 discussed areas of timing incompatibility
between the 28F016XD and 16-Mbit DRAMs. DRAM
controllers should provide a range of wait-state
configurations to ensure that they operate with the
28F016XD at al required CLK frequencies.
Additionally, the non-configurable specifications of
Section 3.2 should be closely reviewed. Finaly, for
reads, DRAM controllers that provide the column
address in advance of CAS# will interface to the
28F016XD with aminimum of additional wait-states.

Per-Bank Parity and Wait-State Control

The 28F016XD is not subject to the same alpha particle
“soft errors’ that affect DRAM, so it does not provide
parity data bits. If parity checking is desired for the
DRAM subsystem, per-bank parity control allows the
28F016XD and DRAM to be placed in separate
controller banks. Parity can be enabled for those banks
containing DRAM and disabled for banks containing the
28F016XD.

Section 2.2 also revealed that read and write timings for
the 28F016XD are slower than those for DRAM at high
CLK frequencies. Per-bank wait-state control allows the
28F016XD and DRAM to be placed in separate banks
and individually configured to optimize performance of
each.

28

intgl.

The 28F016XD does not require precharge between
accesses when RAS# is toggled. Therefore, its trp (RASH
precharge time) specification is much shorter than that
required for DRAM (10 ns for the 28F016XD vs. 40-50
ns for DRAM). A DRAM controller with configurable
RAS# precharge delay can exploit this 28F016XD
advantage.

Fast RAS# Precharge

Refresh Disable

The 28F016XD aso does not require refresh to retain
stored data contents. Per-bank refresh enable/disable or
refresh enable/disable on an address range basis will
eliminate unnecessary cycles to the 28F016XD,
optimizing performance and lowering  power
consumption.

5.0 CONCLUSION

This application note has discussed comparisons between
the 28F016XD and DRAM, compatibility between the
28F016XD and DRAM controllers, and optimization of
new DRAM controllers for the 28F016XD. Consult
reference documentation for a more complete
understanding of compatibility and device capabilities.
Please contact your local Intel or distribution sales office
for more information on Intel’ s flash memory products.
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6.0 ADDITIONAL INFORMATION

6.1 References

Order Number

Document/Tool

290533 28F016XD DRAM-Interface Flash Memory Datasheet

297372 "16-Mbit Flash Product Family User's Manual”

292092 AP-357 “Power Supply Solutions for Flash Memory”

292123 AP-374 "Flash Memory Write Protection Techniques"

292163 AP-610 “Flash Memory In-System Code and Data Update Techniques”
292168 AP-614 “Adapting DRAM Based Designs for the 28F016XD”

292152 AB-58 "28F016XD-Based SIMM Designs"

292165 AB-62 “Compiling Optimized Code for Flash Memories”

297508 FLASHBuilder Utility

Contact Intel/Distribution Sales
Office

28F016XD Benchmark Utility

Contact Intel/Distribution Sales
Office

28F016XD iBIS Models

Contact Intel/Distribution Sales
Office

28F016XD VHDL Models

Contact Intel/Distribution Sales
Office

28F016XD Timing Designer Library Files

Contact Intel/Distribution Sales
Office

28F016XD Orcad and ViewLogic Schematic Symbols
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6.2 Revision History

Number Description

001 Original Version
002 Increased Ipps (Vpp Read Current) for Vpp > Vcc to 200 pA at Ve = 3.3/5.0V

Corrected “RP# High to RAS# Going Low” to be a “Min” specification at Vcc = 3.3/5.0V, in
Tables 10 and 11

Removed “Page Buffer Word Write Time” and “Full Chip Erase Time” specifications from Tables
10 and 11

Increased Typical “Word/Block Write Times” (twHr1/twHr3) for Vpp = 5.0V Tables 10 and 11
twhHr1 from 24.0 ps to 35.0 ps and twnrs from 0.8 sec to 1.2 sec at Ve = 3.3V
twhr1 from 10.6 ps to 25.0 ps and twnr3a from 0.6 sec to 0.85 sec at Vcc = 5.0V

Added “Erase Suspend Latency Time to Read” specification to Tables 10 and 11

Minor cosmetic changes throughout document

003 Corrected Introduction to indicate “3.3V or 5V V¢ Operation”

Added 3/5# pin to: Test Conditions of Icc2/lcc5 Specifications, Miscellaneous Specifications
section, Pinout Configuration (Figure 1), Pinout Comparison (Table 12) and DRAM
Controller Interface Example (Figure 5).

Modified test conditions for Icci, lcca, Icca, Iccs and Icc7 in Tables 2 and 3 to include “Address
Valid/Static throughout Cycle.”

Modified Tables 10 and 11 to include 3/5# pin: Removed Vcc at 3.0V/4.5V (min) to RP# high
specifications; Added tpLvi/tpLyH, tyLPH/tyHPH @nd tpsv/tpL3v Specifications.

Changed “WE# High to RY/BY# Going Low” specification name to “CAS# High to RY/BY#
Going Low” in Tables 10 and 11.

Corrected TSOP Mechanical Specification A1 from 0.50 mm to 0.050 mm
Corrected WP# in Pinout Comparison (Table 12) to be pin 56 on 28F016XD device
Removed pin 1 on 28F016XD from NC in Pinout Comparison (Table 12)

Corrected toex references in Section 3.2 to toez

Updated Additional Information Section

Minor cosmetic changes throughout document
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