@ FM1808S FRAM® Memory

REM'IRDN P\DV P\NGE 262,144-Bjt Nonvolatile Ferroelectric RAM

Product Preview

Features
m 256K Nonwolatile Ferroelectric RAM m JEDEC Sandard 21-C Write Protection ( Entire Memory)
Organized as 32,768 words x 8 bits and Selectable 4K Byte Write Protection
m OMOSTechnology with Integrated Ferroelectric Sorage Cells m Sngle 3 Volt Supply (2.7Vt0 3.6V)
m Fully §nchronous Operation m Low Power Consumption
- 150ns Read Access - Active Current: 20mA Typical
- 235ns Read/Write Oycle Time - Sandby Qurrent: 15pA Typical
- 1012 Read/Write Oycle Endurance m CMOS Compatible I/O Pins
m 10 Year Data Retention m 0P and TSOP Packages
m 0° to + 70°C Ambient Operating Temperature Range
Description

The ferroelectric cells are polarized on each read or write cycle,
therefore no special store or recall sequence is required. The
memory is always static and nonwvolatile.

Ramtron's FRAM products operate from a single 3 volt power
supply and are OMOScompatible on all inputs and outputs. The
FM1808S utilizes the JEDEC standard bytewide SRAM pinout.

The AVI1808Sis a ferroelectric RAM, or FRAM® memory,
organized as 32k words x 8 bits. FRAM memory products from
Ramtron combine the read/write characteristics of semiconductor
RAM with nonvolatile storage.

This product is manufactured in a 0.8 micron silicon gate OMOS
technology with the addition of integrated thin film ferroelectric
storage cells developed and patented by Ramtron.
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Device Qperation

Read Qperation

When CEis low and WE is high, a read operation is performed
by the FRAM memory. On the falling edge of CE, all address bits (A,
- Ay4) arelatched into the part and the cycle is started. Data will
appear on the output pins a maximum access time (tg) after the
beginning of the cycle.

The designer should ensure that there are no address
transitions from tag ( setup time) before the falling edge of CE to ta,
(holdtime) after it. After tay, the address pins are ignored for the
remainder of the cycle. It is equally important that CE be gener ated
such that unwanted glitches or pulses, of any duration, be
prevented.

After the read has completed, CE should be brought high for
the precharge interval (tpg) . During this period data is restored in
the internal memory cells and the chip is prepared for the next
read or write cycle. The AM1808Swill not operate in systems in
which CE does not toggle with every access.

The OE pin may be used to avoid bus conflicts on the system
bus. Only when both CE and O are low will the FRAM memory
drive its outputs. Under all other circumstances, the output drivers
are held in ahigh impedance ( High-Z) condition. Note that the
internal read operation is performed regardiess of the state of the
OEpin.

Wtite Qperation

When CEfalls while WE is low, or WE falls while CE is low, a
write operation will be performed by the FRAM memory. On the
falling edge of CE, asin the read cycle, the address will be latched
into the part with the same setup and hold requirements. Asin the
read cycle, CE must be held high for a precharge interval (tpg)
between each access. L

Data needs to be set up thgminimum on the rising edge of WE
or CE whichever occurs first. Write operations take place
regardless of the state of OF, however, it may need to be driven
high by the system at the beginning of the cycle in order to awoid
bus conflicts.

Data is immediately nonvolatile and power may be removed
from the part upon completion of the precharge interval following
the write. For better noise immunity, a 10ns (typical) glitch
protection is built into the WE signal.

Low Wltage Protection

When V- isbelow 2.4V (typical), all read and write operations
to the part will be ignored. For systems in which unwanted signal
transitions would otherwise occur on the CE pin at or above this
woltage, CE should be held high with a power supply monitor circuit.

Whenever Vi rises above 2.4V, either after power up or a
brownout, no read or write operation will take place until CE has
been high (above V) for at least a precharge interval (txo) . When
CEis brought low, an access will start.

Wite Protection

The AMI1808S FRAM memory uses a superset of the JEDEC
Sandard 21-Cfor software data protection. The standard allows
for the entire memory array to be protected or unprotected via

software control. Ramtron enhanced the standard to allow each of
the 4K word blocks on the AM1808Sto be individually protected or
unprotected. The protection data map is stored in the nonwolatile
block protection register. This data can be recalled at any time via
the enhanced standard to restore the previously stored block
protection map. The configuration data may also be modified via
the enhanced standard.

Sandard EDEC Protection

Upon power up, the entire memory array is write protected as
per the JEDEC standard. If desired, the entire memory array can
be unprotected by executing the JEDEC disable sequence shown in
Table 1. The entire memory array can be write protected by
executing the JEDEC enable sequence shown in Table 1. Anytime
these two sequences are executed, the respective operation will be
performed i.e. one should insure that these sequence of addresses
is only executed if enabling or disabling write protection.

Table 1. JEDEC Write Protect Sequence

Cycle Disable Sequence Enable Sequence Mode
1 1823 Hex 1823 Hex Read
2 1820 Hex 1820 Hex Read
3 1822 Hex 1822 Hex Read
4 0418 Hex 0418 Hex Read
5 041B Hex 041B Hex Read
6 0419 Hex 0419 Hex Read
7 041A Hex 040A Hex Read
Enhanced Block Protection

Ramtron added capability to the IVI1808Sto allow any of the
eight 4K blocks to be individually protected or unprotected. This
feature is enabled by adding one additional unique addressto the
standard JEDECenable, disable sequence as shown in Table 1. To
write a specific block protect map to the AMI1808S the access to
this added address should be a “WRITE’ access as shown in Table
2. Each bit of the data word has a one to one correlation with a
specific 4K block as shown in Table 4. Adataof “1” enables write
protection. Adataof “0” allows writing to that block. It should be
noted that data written on this sequence is written to the block
protect register and not to address 040F Hex. If the previously
configured block protection map is to be restored, then the access
to 040FH address should be a “READ” cycle as shown in Table 3.
The data on the I/0 pins after an access time will be the data
contained in the block protect register that is being restored, not
the data at address 040H. On the next rising edge of CE after
executing the address sequence, in Table 2 or 3 the part will be
placed into the write protected mode. The memory blocks that will
be write protected will be those either written to the block protect
register during this sequence or those restored from the previous
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Table 2. Extended Write Protect Sequence

Table 3. Extended Restore Protect Sequence

Cycle Sequence 1/0 Mode Cycle Sequence 1/0 Mode
1 1823 Hex Data Read 1 1823 Hex Data Read
2 1820 Hex Data Read 2 1820 Hex Data Read
3 1822 Hex Data Read 3 1822 Hex Data Read
4 0418 Hex Data Read 4 0418 Hex Data Read
5 041B Hex Data Read 5 041B Hex Data Read
6 0419 Hex Data Read 6 0419 Hex Data Read
7 041A Hex Data Read 7 041A Hex Data Read
8 040F Hex New Block Protect Data Write 8 040F Hex Restore Block Protect Data [ Read
contents of the block protect register. For example, if the block ,
protect register contained the following data 10011000, addresses Table 4. Block Number To I/O Correlation
3000H - 4FFFH and 7000H-7FFFH would be write protected, i.e.,
Blocks 3, 4 and 7. 4K Block Number A A1z Aip 1o#
On aWE Controlled write operation where WE rises prior to 0 0 0 0 0
CE the data /O outputs will become active a tyy after WE rises.
The data on the outputs mirror the data just written to the 1 0 0 1 1
addressed location so no bus contention should arise. However,
. ; . . 2 0 1 0 2
the addition of write protection required that the I/O outputs
perform differently if a write to a protected location was attempted. 3 0 1 1 3
If awrite operation is attempted to a protected location, the I/0 4 i 0 0 4
outputs remain high impedence after WE returns high. This is done
to prevent any bus contention that might arise due to the data 5 1 0 1 5
driven on the I/0O lines externally and the data at the accessed
. o , o 6 1 1 0 6
memory location being different. The I/O outputs will remain high
impedence until the next memory cycle. 7 1 1 1 7
Pin Names
Pin Names Function Pin Names Function
Ay- Ay Address Inputs OE Output Enable Input
110y - 1/07 Data Input/Output Veo Power
CE Chip Enable Input GND Ground
WE Write Enable Input
Truth Table
CE WE OE Function
H X X Standby/Precharge
RS X X Latch Address
L H L Read
L L X Write

1-19




Absolute Maximum Ratings(?)
(Beyond Which Permanent Damage Could Result)

inti i (1) Sresses above those listed under Absolute Maximum Ratings may cause permanent
Description Fatings damage to the device. Thisis a stress rating only, and the functional operation of the
; ; ; o device at these or any other conditions above those indicated in the operational
éT;I::ttegtﬁgi%%gtiﬁtpe(r)?tlsr;grlan)F;?;ature to 4010 +85°C sections of this specification is not implied. Exposure to absolute maximum rating
y conditions for extended periods may affect device reliability.
Voltage on Any Pin with Respect to Ground -1.0to +7.0V
Lead Temperature (Soldering, 10 Seconds) 300°C
Capacitance
Tp=25°C f= 1.0MHz, Vic= 3V
Parameter Description Max Test Condition
Co'? Input/Output Capacitance 8pF Vyo=0V
@ Input Capacitance 6pF Vyo=0V
{2) This param eter & perbdically sam plkd and not 100% tesed.
DC Qperating Conditions
Ty = 0° to 70°C; Typical Values at 25°C
Symbol Parameters Min Typ Max Test Condition
Voo Power Supply Voltage 2.7V 3.0 3.6V
leo Power Supply Current - Active 20mA 30mA Ve = Maximum, CE Cycling at Minimum Cycle Time
l;0=0mA; OE, WE, A, = CMOS Input Levels
Isp Power Supply Current - 15pA 25pA Vg = Maximum, CE = V¢, Input Levels = V. or GND,
Standby (CMOS) )= OmA
I Input Leakage Current 10pA Viy=GND to Vg
loL Output Leakage Current 10pA Vour =GND to Vg
Vi Input Low Voltage -3V 0.2% Vgo
Viy Input High Voltage 0.7% Vec Vge+0.3V
02V |O|_= 100“A
Vo | Output Low Voltage @ = b——ei;mmpboo i - -2° 4 -~ °— ]
oL Output Low Voltage 02V Iy = 2.0mA
Vo -0.2V loy = -100pA
Vou Output High Voltage 1% S e
2.4V loy =-2.0mA
AC Conditions of Test Equivalent AC Test Load Circuit
AC Conditions Test 500Q
Input Pulse Levels 0to Vee Output @ l VWY i
Input Rise and Fall Time <10ns ISOPP l 1.4V
Input and Output Timing Levels 1.5V p— p—

(*including scope and jig)
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Read Cycle AC Parameters
Ta= 0° to 70°C, Vo= 2.7V- 36V

Symbol Parameter JEDEC Symbol Min Max Units
tre Read Cycle Time tem 235 ns
tca Chip Enable Active Time te En 150 10,000 ns
tpe Precharge Time tem 85 ns
tas Address Setup Time tave 0 ns
tan Address Hold Time e ax 15 ns
tee Chip Enable Access Time te qv 150 ns
toe Output Enable Access Time toLqv 25 ns
) Chip Enable to Output High-Z tenaz 25 ns
tonz? Output Enable to Qutput High-Z tonaz 25 ns

(2) This parameter is periodically sampled and not 100% tested.

Write Cycle AC Parameters
T= 0° 0 70°C Vg = 27V- 36V

Symbol Parameter JEDEC Symbol Min Max Units
twe Write Cycle Time ta g 235 ns
tca Chip Enable Active Time te ey 150 10,000 ns
tow Chip Enable to Write High te wh 150 ns
tpe Precharge Time tee 85 ns
tas Address Setup Time tave 0 ns
tan Address Hold Time te Ax 15 ns
twp Write Enable Pulse Width twiwH 50 ns
ths Data Setup Time tovwH 50 ns
toy Data Hold Time twHox 0 ns
twz? Write Enable Low to Output High-Z twiaz 25 ns
twx® Write Enable High to Output Driven twHax 10 ns
t? Chip Enable to Output High-Z tenaz 25 ns
tws® Write Setup toLwl 0 ns
twn® Write Hold twHcH 0 ns

(2) This parameter is periodically sampled and not 100% tested.
(5) Not a device specification, merely distinguishes CE and WE controlled accesses.

1-21



Read Cycle Timing

< tre
CE
—— Ty —l— T,y
Ao-14 Valid
OE
‘tOE_> tOHZ —»
1/0q.7 valid >J
[— tCE —> [— tHZ —
CE Controlled Write (6)
< tWC »
__ / NG tCA —7@ tpc 4
CE —
«— ths —|€— try —
Ag14 Valid ><
tws |a— —»| tyy |-—
WE
< s —PGTDH—:‘
Data In Valid /I
(8) Sate of OF does not affect operation of device for this cycle.
WE Controlled Write
< twe >
CE / \ﬁtcw—b- /4— tee —;\
«— s —> ety —>
Ag.14 Valid ><
< lys »l€—— Typ —— 1 tyy >
WE N V
OE \ /
—> < tpy
tos —>| -
o
Data In valid
Kl
—»| twz |-— — -« tyz
Data Out {See Note)_
twx —»|

Note: Output remains high impedence after write attempt to a protected memory location.
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Power-Down/Power-Up Conditions

Care musthbe @ken durng pow er sequencing © prevent
dafa bss msulhg fiom mem ory operations during outofspec
volage conditons. This ism anaged by detecthg pow er failue
w ih sufficienttime &, o disdble m em ory operation proro Vee
dropphg bebw s ower gpecification, +2.7 vols. Durhg pow er
up, the mem ory operation should be disabkd untiltin e e affer
Ve ®aches Ism ninum operating volage, +2.7 vols.

The mem o1y has an on<h dat protecton cicutwhich

preventsm em ory operation when Vi, is less than +2 5 volts. This
w llprotectthe date  CMO S sysem s where the system contmol
logic conthues © function atorbelw +2.5 vols. How ever,
extemalciruiry is mquird © ©ree CF o a high kvel 1 sys-
ten sw ih control bgic thatdoes notoperate © +2 5 vols o pre-
vent false m em o1y operations from beng niiated by the sysem
contm] bgi durhng this ungpecified volage range. Ther ar a
num berofprcision D C volage detector cicuts avaikbe ©
mpkmentthis finction.

Power Up/Power Down Conditions

Power Up/Power Down Timing

Symbol Parameter Min Typ Max Units
tep CE Signal Stable to Power Down 85 ns
trec Power-up to Operation 85 ns
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Packaging Information

Dimensions in Inches (Millimeters)
Package Type FM1808S 28-Pin
A B c D
Plastic SOP S 0.738 (18.75) Max 0.331 (8.40) Typ 0.476 (12.10) Max 0.118 (3.00) Max
0.720 (18.30) Typ 0.453 (11.50) Min
Plastic TSOP T 0.319 (8.10) Max 0.465 (11.8) Typ 0.539 (13.70) Max 0.047 (1.20) Max
0.315 (8.00) Typ 0.516 (13.10) Min
A
) SOP B
s A
Pint H H B H i B

0.035 (0.895) _.|EEI:||]:||]: jTU:U:U:)_L D

I/ =—

L 0.020 ggggg 0004 (0.10) MIN 0"~ 1°°\/
0.054 (1.37) ' :
0.046 (1.17) —! |« 0.039 (1.00)
B
[ )
== =5
= TSOP =
Pin 1 -5 Type | == A
[ -]
[ )
== =5
Pin 7+ Fm <« Pin g
C
0000000 J(ﬁﬁ
.006 0015 T T 50 MaX/J\ AN
0.022 (0.55) Typ——| |-— J‘
4-‘ L | 0020 (0.51)
0.012 (0.30) 0.019 (0.49)
0.006 (0.15)

—>|<—
oo
oo
I=%=}
N
—

o0

0.13)
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Ordering Information

FM1808S- 150 S

L Package Type (28-Pin)

S - Plastic SOP
T - Thin Plastic SOP

Access Time (ns)

150
Memory Configuration

1808S — 32,768 x 8 Nonvolatile Memory
Ramtron Ferroelectric Memory

Ramtron International Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in a Ramtron product,
nor does it convey or imply any license under patent or other rights.

FRAM is a registered trademark of Ramtron Inter national Corporation. © Copyright 1995 Ramtron International Corporation.
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