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Features

= 4,096-Bit Nonvolatile Ferroelectric RAM Organized as
512wx 8b

B CMOS Technology with Integrated Ferroelectric
Storage Cells

W Fully Synchronous Symmetrical Operation with Two
Modes of Operation
- Dynamic Mode Offers Unlimited Read/Write Endurance
- Nonvolatile Mode Offers a Minimum of 108

Endurance Cycles

W Provides Single Memory Function for Storage of Both
Data and Instructions

B On-Chip Data Protection Circuit

m 10-Year Data Retention without Power

Description

The FM 1208 is a bytewide ferroelectric RAM, or FRAM®,
product organized as 512 x 8. FRAM memory products from
Ramtron combine the read /write characteristics of semicon-
ductor RAM with the nonvolatile retention of magnetic stor-
age. The FM 1208 is manufactured in a 1.8 micron Si gate
CMOS technology with the addition of integrated thin film
ferroelectric storage cells developed and patented by
Ramtron.

The ferroelectric cells developed by Ramtron exhibit two
properties — high dielectric constant and spontaneous polar-
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FM 1208 FRAM® Memory

4,096-Bit Nonvolatile Ferroelectric RAM
Proguct Preview

® Dynamic Mode
- 150ns Maximum Read Access
- 300ns Maximum Read /Write Cycles
= Nonvolatile Mode
- 250ns Maximum Read Access
- 500ns Maximum Read /Write Cycles
| Single 5 Volt $10% Supply
- 44mW Maximum Dynamic Power at Minimum
Cycle Time
- 550pW Maximum Static Power
® CMOS/TTL Compatible 1/0 Pins
B 24-Pin Ceramic Skinny DIP and Plastic Skinny DIP
and SOP Packages
m 0-70°C Ambient Operating Temperature Range

Nonvolatile applications that require unlimited read /write
endurance can utilize the dynamic mode of operation with a
mode conversion cycle (<50us) to nonvolatile mode on power
down or power loss. Applications that are not memory cycle
intensive (<108 read/write cycles) can continuously operate
the part in nonvolatile mode and eliminate the need for
refresh and mode conversion.

Ramtron's FRAM products operate from a single +5 volt
power supply and are TTL/CMOS compatible on all inputs
and outputs, The FM 1208 utilizes the standard bytewide

ization — that have led to the development of a FRAM prod-  SRAM pinout with added mode pin.
uct with two modes of operation: dynamic and nonvolatile.
Functional Diagram Pin Configuration
Column
Address
A; 01
Yoot > e oy amldz  23fa,
| adiess AsQs 20omy
’ s 04 20 WE
Decoce As 5 2001 0E
T ! f A; [6 1901 NC
— Input 21 E 7 180 CE
WE—  Edge ata oj8 170110
oge&;:n Latehes 1/0q 9 16[11/05
and ! v vo, 010 15[ 10,
Control |/02 E 11 14 I |/04
| tatches con 0 Butfors GND [} 12 1301110,
VNV ——»] t
0oz

This document describes a product under development. Ramtron reserves the right
to change or discontinue this product without notice.
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Pin Names Absolute Maximum Ratings
(Beyond Which Permanent Damage Could Result)
Pin Names Function Description Ratings
Ag-A, Column Address Inputs Ambient Storage or 010 +70°C
Operating Temperature to
A3-Ag Row Address Inputs Guarantee Nonvolatility
of Stored Data
¥0g-107 Data Input/Output
— - Voltage on Any Pin with -1.0to0 +7.0V
CE Chip Enable Input Respect to Ground
WE Write Enable Input
OE Ouput Enable Input
DNV Mode Control Input
Vcc +5 Volts a
aND Ground C Conditions of Test
NC No Connect AG Conditions Test
Input Pulse Levels Oto3V
E.S.D. Characteristics Input Rise and Fall Time 10ns
Input and Output Timing Levels 1.5V
bol Paramet Val
Symbo oter alte Output Load 1 TTL Gate and
Vzap (1) E.S.D. Tolerance >2000 Volts CL = 50pF
(1) Characterized to MIL-STD-883 test method 3015. Not tested.
DC Operating Conditions
T, = 0° to 70°C Unless Otherwise Noted
Symbol Parametesrs Min Max Test Condition
Vee Power Supply Voltage 4.5V 5.5V
leet Power Supply Current - Refresh 350pA' | 8mA Vgg = Max, CE Cycling at Minimum Cycle Time
DNV = Ve, lio= OmA, CMOS input Levels, OE = WE = Vcc
loco Power Supply Current - Active 8mA Vg = Max, CE Cycling at Minimum Cycle Time
CMOS Input Levels, | = OmA
lsg1 Power Supply Current - Standby (CMOS) 100pA | Vgg = Max, CE = Vgg, D/NV = GND
CMOS Input Levels, l;9= OmA
Isg2 Power Supply Current - Standby (TTL) 1.2mA | Vgg =Max, CE =V, DNV =V
TTL Input Levels, 1j,9= OmA
Iy Input Leakage Current 10pA Vin= GND to Vge
loL Output Leakage Current 10pA Vourt = GND to Vgg
oy D/NV Pin Input Leakage Current 100pA | DAV =Vjy
ViL Input Low Voltage -1V 0.8V
ViH Input High Voltage 2.0V | Voo +1V
VoL Output Low Voltage 0.4v loL=4.2mA
Vo Output High Voltage 2.4V IgH = -2mA

(1) Minimum refresh current measured at 15.6ps cycle time.
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Capacitance
Ta=25°C, { = 1.0MHz, Vo = 5V
Parametoer Description Max Test Condition
Cuo(1) Input/Output Capacitance 8pF Vijo=0V
Cin(1) Input Capacitance 6pF Viro= 0V
(1) This parameter is periodically sampled and not 100% tested.
Mode Selection
H = Vg, L= Vg, X = Don't Care
CE | DAV | WE| OF [ Status
H X X X Output High-Z Chip Not Selected
L X L L Output Data Not Allowed
L L L H Input Data Nonvolatile Write
L L H L Output Data Nonvolatile Read/Conversion
L L H H Output High-Z Nonvolatile Conversion
L H L H Input Data Dynamic Write
L H H L Output Data Dynamic Read/Refresh
L H H H Output High-Z Dynamic Refresh
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Theory of Operation

The FM 1208 memory uses a two transistor, two
capacitor memory structure illustrated below.

Dynamic Mode

The dynamic mode utilizes the high dielectric constant
of the ferroelectric cells to store data as an electrical charge.
During a write operation, data is transferred from the I/0
pins to the bit lines (true and complement). When the word
line pass transistor is enabled, the data voltage will charge
the selected capacitors. Since the plate is grounded in this
mode, the capacitor polarization does not switch and the
stored charge must be periodically refreshed to offset cir-
cuit leakage. To read the memory, the selected memory cell
address pass transistor connects the capacitors to the bit
lines. The sense amplifier differentially senses the stored
charge of each cell to detect the data value. The data is
transferred to 1/0 buffers. Since the memory reference is
destructive, the data is automatically restored to the cell by
recharging the capacitors.

Since the polarity of the capacitors is not switched dur-
ing dynamic mode operation, the memory can operate con-
tinuously at the minimum clock cycle rate during normal
operation without fatiguing the memory cells, thus
read/write endurance is unlimited. Data stored as an elec-
tric charge in dynamic mode can be made nonvolatile (at
the time of a power loss) by selecting the nonvolatile mode
and performing a mode conversion prior to loss of operating
voltage. On power recovery, data can be recovered by per-
forming a conversion operation before switching to the
dynamic mode.

In the dynamic mode of operation, the memory is capa-
ble of 108 power-up/down cycles without degradation of its
nonvolatile retention characteristics.
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Nonvolatile Mode

The nonvolatile mode utilizes the bistable characteristic
of the ferroelectric cell to store data. Operating the FM 1208
in continuous nonvolatile mode requires that the D/NV pin
always be held low.

During a write operation, data is transferred from the
1/0 pins to the bit lines. When the word line pass transistor
is enabled and the common plate is pulsed, the data will be
stored by polarizing the ferroelectric cell in one of two
states. To read data, the pass transistor is enabled and the
sense amplifier senses the difference in polarization of the
ferroelectric cells to determine the stored data state. Since
the read operation is destructive, the data is then automati-
cally rewritten back to the ferroelectric cell by switching the
polarization, The memory can be cycled up to 108 cycles in
continuous nonvolatile mode without degrading the data
retention characteristics of the memory. Operation beyond
108 cycles will eventually result in nonvolatile data reten-
tion faflure.

Operating the FM 1208 Continuously in
Nonvolatile Mode

The FM 1208 can be operated continuously in the non-
volatile mode, polarizing the ferroelectric cells on every read
and write cycle. This mode of operation does not require
refresh operations or a mode conversion upon power down
to retain data. The memory is limited to 108 endurance
cycles, and unnecessary cycling of CE should be avoided
while in the nonvolatile mode of operation.

The FM 1208 features a pull-down D/NV mode pin.
The part will default to the nonvolatile mode of operation
unless the D/NV pin is held high (D/NV=Vy,).

Dual Memory Capacitor Cell

Bit Line True Bit Line Complement
Word Line |I ||
Plate i NI
Enable A4
Ferroelectric Capacitors
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Read Cycle (Dynamic and Nonvolatile Mode)

The FRAM memory operates synchronously using the  Read data is valid a maximum access time tqg after the
CE signal as the clock. The memory read cycle time tgc is  beginning of the read cycle. The OE signal is used to gate
measured between falling edges of CE. The memory CE sig- the data to the I/0 pins. It must be enabled time t, prior
nal must be active time, tc4. The memory requires a mini-  to the time data is required on the 1/0 pins. Output data
mum precharge time tpe to precharge the internal busses  remains valid on the outputs until disabled by either the
between operations. rising edge of OE or CE. The output becomes high-Z after

The memory latches the address internally on the time tyz from the CE signal and time toy; from the OE sig-
falling edge of CE. The address data must meet a minimum nal. The WE signal is high during the entire read opera-
setup time tg and hold time t,y relative to a clock edge. tion.

Read Cycle Timing
Dynamic: WE = Vi, D/NV = Vi
Nonvolatile: WE = Vi D/W =V

- < t F t
& o ,mL
L —

toe |« \r tonz

10 ¢ VALID

lt— 1t —>

HIGH-Z

Read Cycle AC Parameters
Ty = 0° to 70°C, Vg = 5V +/- 10% Unless Otherwise Noted
Mode of Operation
Symbol Parameter ;ﬁggg, Dynamic Nonvolatile Unit
Min Max Min Max

tre Read Cycle Time t ELEL 300 500 ns
teca Chip Enable Active Time 150 10,000 | 250 10,000 ns
tpe Precharge Time t EHEL 150 250 ns
tas Address Setup Time t AVEL 0 0 ns
tan Address Hold Time t ELAX 30 30 ns
toe Chip Enable Access Time t ELQV 150 250 ns
toe Output Enable Access Time toQv | 30 30 ns
tHz Chip Enable to Qutput High-Z t EHOZ 45 45 ns
tonz Output Enable to Output High-Z t oHQZ 35 35 ns
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Write Cycle (Dynamic and Nonvolatile Mode)

The FM 1208 operates synchronously using the CE
signal as a clock. The memory write cycle time ty, is
measured between falling edges of CE. The memory CE

must be active time, t-,. The memeory requires a minimum

precharge time tp to precharge the internal busses
between operations.
The memory latches the addresses internally on the

T-4%6-23-/2

setup time t,g and hold time t, relative to the clock edge.
The data must be valid on the I/0 pins time tpg prior
to the Tising edge of WE and held time tp,;; after WE. WE
must be stable time typ prior to the rising edge of CE. The
OE signal must disable the chip outputs time toy; prior to
placing data on the I/O pins to prevent a data conflict. OE
must remain disabled until time t,; after the data is

falling edge of CE. The address data must meet a minimum removed from the bus.
Write Cycle Timing
Dynamic: D/NV = Vyy by .
Nonvolatile: D/NV =V,
. - tea >l ;L
CE /]

tas — 1
Ags } Valid

B\

tos wle toy
- High-Z
Valid

Y
N

Write Cycle AC Paramelers Ta = 0° to 70°C, Ve = 5V +/- 10% Unless Otherwise Noted
Mode of Operation
Symbol Parameter #:ff, Dynamic Nonvolatile Unit
Min Max Min Max
twe Write Cycle Time tELEL 300 500 ns
toa Chip Enable Active Time 150 110,000 | 250 | 10,000 ns
tpe Precharge Time teHEL 150 250 ns
tas Address Setup Time tAVEL 0 0 ns
taH Address Hold Time tELAX 30 30 ns
twp Write Enable Pulse Width twiwH | 80 80 ns
tps Data Setup Time tovwL | 40 40 ns
toH Data Hold Time twLDx 5 5 ns
toKz Output Enable to Output High-Z toHoz 35 35 ns
toH Output Enable Hold Time 0 0 ns
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Mode Conversion
(Dynamic and Nonvolatile Mode)

The D/NV input pin specifies the storage mode of the
memory cells. During nonvolatile mode (D/NV = V), data
is stored by polarizing the ferroelectric capacitor. During
dynamic mode (D/NV = V), data is stored by charging the
ferroelectric capacitor. During the transition from one
mode to the other, it is necessary to convert data from one
storage mode to the other. This is implemented by requir-
ing that all row addresses be converted following a power-
up/down mode transition.

Similar to performing the refresh operation, the user
must provide the addresses. After mode conversion to
dynamic mode, refresh operations must continue at a rate
sufficient to refresh all rows every 1msec. Since the memo-
ry is operated in dynamic mode during normal operation

T-Yé-23-/2

but nonvolatile storage is desired at power loss, it is neces-
sary to detect the power failure in time to switch to non-
volatile mode and perform the data conversion operations
prior to the power supply voltage dropping below V¢ mini-
mum. The power-down conversion is implemented by per-
forming conversion cycles at each row address following
the nonvolatile mode transition. These conversion cycles
can occur at the minimum nonvolatile mode cycle time of
the memory, tge.

_The mode select input is captured on the falling edge
of CE. Therefore, D/NV must be stable mode select setup
time tyg before CE and held mode select hold time tyy,
after CE.

Mode Conversion
WE =V Dynamic
. /_’/ Operation /_\ Power
D/NV ' L . - Down
Operation
CE Power Up , , : Power Down
64 Nonvolatile Recall Cycles 64 Nonvolatile Store Cycles
(Row Addresses)
< > fe——— >
Minimum Mode Minimum Mode
Change Time is Change Time is
64 * tge 64 *tpe
Mode Select
DNV *
Ce N\
N ya
<ty —>
—»| tys |=—
Symbol Parameter Min Max Unit
tms Mode Select Setup Time 0 ns
tMH Mode Select Hold Time 30 ns
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Refresh Cycle (Dynamic Mode)

During refresh the memory operates synchronously Refresh operations must be performed at all row
using the CE signal as a clock. Every time a refresh cycle ~ addresses every 1msec. This requires a refresh cycle every
is desired the memory must be clocked with CE. The 15.6psec.

refresh cycle time tgpc is measured between falling edges of Refresh is identical to a normal read operation but with
CE. The memory requires a minimum chip enable active the 1/0 bus disabled by OE = Vy;. The address must meet a
time tc, to perform a refresh operation and a minimum minimum setup time t,5 and hold time t,y relative to the
precharge time tpc to precharge the internal busses CE clock edge.

between operations.

Refresh Cycle Timing
WE = Vy,, OF = Vi, D/NV =V,

= < trre »|

= Ne—— 1 _W
tas f— tay

Ags 3( VALID &

Refresh Cycle AC Parameters
Ty = 0° to 70°C, V¢ = 5V +/- 10% Unless Otherwise Noted

Mode of Operation
Symbol Parameter ;.'fgfﬁ Dynamic Nonvolatile Unit
Min Max Min Max

tRrC Refresh Cycle Time 300 | 15,600 | 500 | 15,600 ns
tca Chip Enable Active Time 150 250 ns
tpg Precharge Time tEHEL | 150 250 ns
tas Address Setup Time tAVEL 0 0 ns
tAH Address Hold Time tELAX 30 30 ns
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Power-Down/Power-Up Conditions

If the memory is operated in dynamic mode during
normal operation, data must be made nonvolatile by

to operating voltage loss. If the memory is operating in
nonvolatile mode continuously during normal operation, a
mode conversion operation is not required before power
cycling,

Care must be taken during power sequencing to pre-
vent data loss resulting from memory operations during
out of spec voltage conditions. This is managed by detect-
ing power failure with sufficient time to disable memory
operation time tpp, prior to Ve reaching its lower specifica-
tion, +4.5 volts. During power up, the memory operation

switching to nonvolatile mode and converting all rows prior

T-vb-28_/2

should be disabled until time tg. after Vi reaches its
operating voltage, +4.5 volts.

The memory has an on-chip data protection circuit
which prevents memory operation when Vi is less than
+2.5 volts. This will protect the data in CMOS systems
where the system control logic continues to function to
+2.5 volts. However, external circuitry is required to force
CE to a high level in systems with control logic that does
not operate to +2.5 volts to prevent false memory opera-
tions from being initiated by the system control logic dur-
ing this unspecified voltage range. There are a number of
precision DC voltage detector circuits available to imple-
ment this function.

Power-Down/Power-Up Conditions

Vee __\
4.5V

25V

<—t,m—>|

/4|.5V

25V

ov ~ A ov
On-Chip Data Protection

_/FJPD—’
CE

Il ,l
l«———— logic Protection — ]
Area

%lnch

Power-Down/Power-Up AC Parameters

Symbol Parameter Min | Max | Unit
teD Control Signals Stable to Power-Down 250 ns
tREC Power-Up to Operation 250 ns
tRR Power-Up Ramp Rate (0-5V) 150 us
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Packaging Information 1
Dimensions In Inches (Miliimeters)
Package Type FM 1208 24-Pin
A B c I/
Ceramic DIP D 1.200 (30.48) 0.595 (15.113) 0.600 (15.24) 0.100 (2.54)
Ceramic Skinny DIP DS 1.200 (30.48) 0.295 (7.49) 0.300 (7 .62) 0.100 (2.54)
Plastic DIP P 1.250 (31.75) 0.540 (13.72) 0.600 (15.24) 0.150 (3.81)
Plastic Skinny DIP PS 1.185 (30.10) 0.260 (6.60) 0.300 (7.62) 0.130 (3.30)
Plastic SOP S 0.614 (15.59) 0.300 (7.62) 0.416 (10.57) 0.094 (2.34)
0.598 (15.19) 0.287 (7.29) 0.398 (10.11) 0.090 (2.29)
le A o |e A |
. _ __|:|_|:|_:|_1:1:| | AR H'I
i EESE
Coramic [C)/Plastii
:) uP;s(kmw;m;m B ooso&znma <o B
J_ (Opnonal _L
J Pin1 E E H B
- _[*)_ THE F 4
: 0.032 §o. ; J
0.024 {061 4‘ L 0,019 (0.48) 0012 Eo.ao
(2 Trp 0.050 (121 0.013(033)  0.004{0.10
—! 100 —lle—0.018
(2.54) (0.457) ¢
o N Y
~] Lomo 1,02
0.015 (0:38

10
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Ordering Information

FM 1208 -250D C

l l* Commercial Temperaturs Range (0-70°C)
Package Type (24-Pin)

D - Ceramic DIP

DS - Geramic Skinny DIP
P - Plastic DIP

PS - Plastic Skinny DIP
S - Plastic SOP

Nouvolatile Access Time (ns)
250

Memory Configuration
1208 512x 8

Ramtron Ferroslectronic Memery




