FM33256B

3V Integrated Processor Companion with F-RAM

RAIAMTRISN

Features

High Integration Device Replaces Multiple Parts
Serial Nonvolatile Memory

Realtime Clock (RTC) with Alarm

Low Vpp Detection DriveRReset

Watchdog Windowlimer

Early PowerFail WarningNMI

16-bit NonvolatileEvent Counter

Serial Number with Wte-lock for Security

Ferroelectric Nonvolatile RAM

o 256KbF-RAM

e High Endurancel00 Trillion (10*) Read/Writes
38year Data Retentiof¥75°C)

NoDelay™ Writes

Realtime Clock/Calendar

Processor Companion

e Active-low Reset Output for y and Watchdog
Programmable Low pp Reset Thresholds
Manual Reset Filtered and Baunced
Programmable Watchddyindow Timer
NonvolatileEvent Counter Tracks System
Intrusions or other Events

e Comparator for Poer-Fail Interrupt or Other Use
e 64-bit Programmable Serial Number with Lock

Fast SPI Interface

e Upto 16 MHz Maximum Bus Frequency

e RTC, Supervisor Controlled viaPlInterface
e SPIMode 0 & 3 (CPOL, CPHA=0,0 & 1,1)

Easy to Use Configuration
e Operates from Z.t03.6V

e Backup Currenat 2V,1.15uA (max.) at +25C o Small FootprintGreen” 14-pin SOIC(-G)

e Seconds through Centuries in BCD format e Low Operating Current

e Tracks Leap Years through 2099 e -40°C to +8%C Operation

e Uses $andard 32.768 kHz Crystal e Underwriters Laboratory (UL) Recognized

e Software Calibration

e Supports Battery or Capacitor Backup

Description The processor companion includes commonly needed

The FM33256B deviceintegraes FRAM memory
with the most commonly needed functions for
processobased wgstems. Major features include
nonvolatile nemory, reattime clock, lowVpp reset,
watchdog timer, nonvolatile event counter, lockable
64-bit serial number area, and general purpose
comparator that can be used for a pefedr(NMI)
interrupt or other puigse. Thedevice operatefrom

2.7 to3.6V.

The FM33256B provides 256Kb memory capacity of
nonvolatile FRAM. Fast write speed and unlimited
endurance allow the memory to serve as extra RAM
or conventional nonvolatile storage. This memory is
truly nonvolatie rather than battery backed.

The realtime clock (RTC) provides time and date
information in BCD format. It can be permanently
powered from external backup voltage source, either
a battery or a capacitor. The timekeeper uses a
common external 32.768 kHzystal and provides a
calibration mode that allows software adjustment of
timekeeping accuracy.

CPU support functions. Supervisory functions
include a reset output signal controlled by either a
low Vpp condition or a watchdog timeout. /RST goes
active when V¥p drops below a programmable
threshold and remains active for 100 ms (max.) after
Vpp rises above the trip point. A programmable
watchdog timer runs from 60 ms to 1.8 seconds. The
timer may also be programmed for a delayed start,
which functions as a window timer. The watchdog
timer is optional, but if enabled it will assert the reset
signal for 100 ms if not restarted by the host within
the time window. A flagpit indicates the source of
the reset.

A comparator on PFI compares an external input pin
to the onboard 1.5V reference. This is useful for
generating a poweail interrupt (NMI) but can be
used for any purpose. The family also includes a
programmable 64it serial number that can be
locked m&ing it unalterable. Additionally it offers an
event counter that tracks the number of rising or
falling edges detected on a dedicated input pin. The
counter can be programmed to be +voiatile under
Vpp power or battenpacked using only M. If
Vgak IS connected to a battery or capacitor, then
events will be counted even in the absencef V
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Pin Configuration

Pin Name Function

/CS Chip Select

Cs

SC
CNT
VBAK
X2

X1
VSSE

AAOAAAAR

14 VDD SCK Serial Clock

Sl Serial Data Input

13 ACS

SO Serial Data Output

12 SCK

PH Power Ril Input

11 PFO Power Fail Output (NMI)

Sl

CNT EventCounter Input

10 PFO

ACS Alarm/CalibratiodlSqwWave

RST JRST Reset Input/Output

X1, X2 External Crystal Connection

(optional)

JHEHHHY

PFI

Pin Descriptions

VDD Supply Voltage

VBAK BatteryBackup Supply

VSS Ground

Pin Name | Type

Pin Description

ICS Input

Chip Select; This active low input activates the device. Wiigim, the device enters loV
power standby mode, ignores the SCK and Sl inputs, and the SO outpustated.
When low, the device internally activates the SCK signal. Ifnfaedge on /CS mus
occur prior to every ogode.

SCK Input

Serial Clock: All I/O activity is synchronized to the serilmak. Inputs are latched on th
rising edge and outputs occur on the falling edge. Since the device is statigcih
frequency may be any value between 0 BdMHz and may be interrupted at any time

172

Si Input

Serial Input: All data is input to the device on this pin. The pin is sampled on the
edge of SCK and is ignored at other times. It should alwaysi\endo a valid logic leve
to meet bp specifications.The S| pin may be connected to SO for a single pin d
interface.

SO Output

Serial Output: This is the data output pin. It is driven during a read ancheetriaitated
at all other times. Data transitions are driven on thentplidge of the serial clockhe
SOpin may be connected to Sl for a single pin data interface.

CNT Input

Event Counter Input: Thigput increments the counter when an edge is detected o
pin. The polarity is prognmmable and the counter value is nonvolatile or batbeked,
depending on the modehis pin should be tied to ground if unused.

ACS Output

Alarm/Calibration/SquareWave: This is an ogkain output that requires an exter
pullup resistor.In normal geration, this pin acts as tteetivelow alarm output. In
Calibration modea 512 Hz squae-wave is driven outln SquareWave mode, the ug
may select a frequency of 1, 512, 4096, or 32768 Hz to be used as a continpatiq
The SquareWave mode is amtg by clearing the AL/SVind CALbitsin register 18h.

X1, X2 I/0

32.768 kHz crystal connectiofsee Crystal Type section for suggestionSee AN407|
app. note for details on how to connect external oscillator.

IRST I}

Reset: This activow outputis open drain with weak pullp. It is dso an input when
used as aanual resefThis pin should be left floating if unused.

PFI Input

Early Powetfail Input: Typically connected to an unregulated power supply to dete
early power failureThis pinmustbe tied to ground if unused

PFO Output

Early Powetfail Output: Thispin is the early powetfail output and is typically used f
drive a microcontroller NMI pinPFO drives low when the PFI voltage 5.5V.

VBAK Supply

Backup supply voltage: A 3¥Yattery or a large value capacitor. If no backup supp
used, this pin should be tied tgdand the VBC bit should be clearéthe trickle charge
is UL recognized and ensures no excessive current when ugingra battery.

VDD Supply

Supply Volage.

VSS Supply

Ground
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Figure 1. Block Diagram

Ordering Information

Base Memory Operating Max. Clock Reset Thresholds | Ordering Part Number
Configuration Size Voltage Freq.

FM33256B 256Kb 2.7-3.6V 16 MHz 2.6V, 2.75, 2.9, 3.0V | FM33256B-G

FM33256B 256Kb 2.7-3.6V 16 MHz 2.6V, 2.75, 2.9, 3.0V | FM33256BGTR (tape&reel)

This product conforms to specifications per the terms of the Ramtron
standard warranty. The product has completed Ramtron’s internal
qualification testing and has reached production status.
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Overview

The FM33256Bdevice combinga serial nonvolatile
RAM with a realtime clock (RTC) and a processor
companion. The companion is a highlyteigrated
peripheral including a processor supervisor, analog
comparator, a nonvolatile counteand a serial
number. The FM33256B integrates these
complementary but distinct functions under a
common interface in a singf@ckage. e product is
organized a two logical devices. The first is a
memory and the second is the companion which
includes all the remaining functions. From the sgst
perspective they appear to be tweparate devices
with unique opcodes on the serial bus.

The memory is organized asstandalonaonvolatile
SPI memoryusing standard epodes The realtime
clock and supervisor functions aezcessed under
their own op-codes. The clock and supenads
functions are controlled by30 special function
registers.The RTQalarmand somecortrol registers
are maintained by the power source on the VBAK
pin, allowing them to operate from battery or backup
capacitor power when 34 drops below a set
threshold. Each functional block is described below.

Memory Operation

The FM33256Bis available vith 258<b of memory.
The deviceusestwo-byte addressing for the memory
portion of the chip This makeghe device software
compatible withits standalonenemory counterparts,
such as the M25W255.

Memory is ganized in bytes. Ae 256Kb memory is
32768 x 8. The memory is based oR-RAM
technology. Therefore it can be treated as RAM and
is read or written at the speed of ®Elbus with no
delays for write operations. It also offers effectively
unlimited write endurance unlike other notatde
memory tehnologies. The SRrotocol is described
on page 18

The memory array can be wrpgotected by
software.Two bits (BP0, BP1)in the Status Register
control the protection setting. Based on the setting,
the protected addresseannot be writteriThe Stats
Register & Write Protectionis desribed in more
detail on page 20

Processor Companion

In addition to nonvolatile RAM the FM33256B
incorporats a realtime clock with alarm andiighly
integrated processor compamio The companion
includes a lowVpp reset, a programmable watbbg
timer, a 16-bit nonvolatile event counter, a
comparator forearly powekrfail detection or other
purposes, and a @t serial number.

Processor Supervisor

Supervisors provide a host processor two basic
functions: Detection gbower supply fault conditions
and a watchdog timer to escape a software lockup
condition. TheFM33256B hasa reset pin (/RST) to
drive a processor reset input during power faults,
powerup, and software lockups. It is an open drain
output with a weak inteal pullup to Vpp. This
allows other reset sources to be w@R'd to the
/RST pin. When ¥p is above the programmed trip
point, /RST output is pulled weakly topy. If Vpp
drops below the reset trip point voltage levekdy

the /RST pin will be driven low. It will remain low
until Vpp falls too low for circuit operation which is
the Virst level. When \4p rises again above ¥,
/RST continues to drive low for at lea€d Bs (kpy)

to ensure a robust system reset at a reliapjglétel.
After tgpy has ber met, the /RST pin will return to
the weak high state. While /RST is asserted, serial
bus activity is locked out even if a transaction
occurred as Yp dropped below Yp. A memory
operation started while J4 is above Wp will be
completed internally

Table 1 below shows how bits VTP(1:0) control the
trip point of the lowVpp reset. They are located in
register 18h, bits 0 and 1. h& reset pin will drive
low when \fp is below the selected{¥ voltage and
the SPI interface and~-RAM array will be locked
ouwt. Figure 2 illustrates the reset operation in
response to a low .

VTP Setting | VTP1 | VTPO
2.6V 0 0
2.75V 0 1
2.9V 1 0
3.0V 1 1
Table 1.
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RST . B

Figure 2. Low Vpp Reset

A watchdog timercan also be used to driem ative
reset signal. The watchdog is a fre@ning
programmable timer. Thedimeout period ca be
software programmed from 60 ms to 1.8 seconds in
60 ms increments via a-l&t nonvolatile setting
(registerOCh).

WR3-0 | = 1010b

to restart

100 ms
clock

Watchdog
Timer Settings

Timebase JRST

Figure 3. Watchdog Timer

The watchdog also incorporates a window timer
feature that allows a delayed start. The starting time
and ending time defines the window and each bey
set independently. The starting tini@as 25 ms
resolution and ms to 775nsrange.

End

Watchdog Start
Restart 1 JT|me Time

rrrrrrrrrrrrrrrrrrrrrrr

PR R R R R R o
’?ﬁ?ﬁ?ﬁ?ﬁ?ﬁ?ﬁ?ﬁ?ﬁ?ﬁ
)

A
%ﬁﬁﬁﬁﬁﬁ/ﬁ) \ /
’r

LA | 100 ms (max) —»|

RST

AR AU A S B

Figure 4. Window Timer

The watchdog EndTimealue is located in register
0Ch, bits 40, the watchdog enable is bit 7. The
watchdog is restarted by writing the pattern 1010b to
the lower nibble of registerAh. Writing the correct
pattern will also cause the timer to load new timeout
values.Writing other patterns to this address will not
affect its operation. Note the watchdog timer is free
running. Prior to enabling,itisers should restart the

timer as described above. This assuthat the full
timeout is provided immediately after enabling. The
watchdog is disabled whenpy drops below Vip.
Note setting the EndTime timeout setting to all
zeroes (00000b) disables thiener to save power.
The listing belowsummarizes the watchgdits.

Watchdog StartTime WDST40 0Bh, bits 40
Watchdog EndTime WDET4-0 OCh, bits 40

Watchdog Enable  WDE 0Ch, bit 7

Watchdog Restart  WR3-0 OAh, bits 30

Watchdog Flags EWDF, 09h, bit 7
LWDF 09h, bit 6

The programmed StartTime value is a guaranteed
maximum time while the EndTime value is a
guaranteed minimum time, and both vary with
temperature and 4 voltage. The watchdog has two
additional controls associated with its operation. The
nonvolatile enable bit WDE allows the /RST to go
active if the wathdog reaches the timeout without
being restarted. If a reset occurs, the timer will restart
on the rising edge of the reset pulse. If WDE is not
enabled, the watchdog timer still runs but has no
effect on /RST. The second control is a nibble that
restartsthe timer, thus preventing a reset. The timer
should be restarted after changing the timeout value.

This procedure must be followed to properly load the
watchdog registers:
Address
1. Write the StartTime value 0Bh
2. Write the EndTime value and WDE=QCh
3. Issle a Restart command OAh

Therestart command in step 3 must be issued before
thos2 Which was programmed in step 2. TWiadow
timer starts counting when thestart commands
issued.

Manual Reset

The /RST is a bdirectional signal allowing the
FM332%B to filter and deébounce a manual reset
switch. The /RST input detects an external low
condition and responds by driving the /RST signal
low for 100 ms (max.)This effectively filters and de
bounces a reset switch. After this timeoub (), the
user mg continue pulling down on the /RST pin, but
SPI commands will not be locked out.
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Meu o RST FM33256B Regulator VDD
T T

SwitchJ;

Switch
|
)
|
|
|
|

Behavior
— FM33256B
RST \ a drives

l«——— 100 ms (max.)———»]

Figure 5. Manual Reset

Note the internal weak pullp eliminates the need
for additional external components.

Reset Flags

In case of a resecondition a flag bit will be set to
indicate the source of the reset. A My reset is
indicated by the POR bit, register 09h hiffhere are
two watchdog reseflags - one for an early fault
(EWDF) and the other for a late fault (LWDF)
located inregister 09h b# 7and 6 A manual reset
will result in no flag being set, so the absence of a
flag is a manual reset. Note that the bits are set in

response to reset sources but they must be cleared by

the user. It is possible to read the register ane ha
both sources indicated if both have occurred since the
user cleared them.

Power Fail Comparator

An analog comparator compares el input pin to

an onboard1.5V reference. When théFl input
voltage drops below this threshplthe comparator
will drive thePFO pin to a low state. The comparator
has 100 mV of hysteresigising voltage only)to
reduce noise sensitivity. The most common
application of this comparator is to create an early
warning power fail interrupt (NMI). This can be
accomplished by cewmecting the PFI pin to an
upstream power supply via a resistor divider. An
application circuit is shown below. The comparator is
a general purpose device and its application is not
limited to the NMI function.

N

FM33256B
ToMCU __PFO 0 < '»7
NMIinput 1.5V ref

Figure 6. Comparator as a PowerFail Warning

If the powetfail comparator is not used, the PFI pin
should be tied to either pg or Vss Note that the
PFO output will drive to ¥p or Vssas well.

Event Counter

The FM33256B offers the usera nonvolatile16-bit
event couter. The input pin CNT has a
programmable edgeetector. The CNT pin clocks the
counter. The counter is located in regiss€yE-OFh.
When the programmed edge polarity ocgutise
counterwill increment its count valueThe register
valueis read byseting the RC bit(register @h, bit

3) to 1. This takes a snapshot thfe counter byte
allowing a stable value even if a count oscduring
the read. The registeralue can be written ¥ first
setting the WC bit (register ODh, bit 2) to 1. The user
then may tear or presetthe counter by writing to
registers OEDFh Counts ae blockedwhen the WC
bit is set, so the user must clear the bit to allow
counts.

The counter polaritycontrol bit is CP, register 0Dh

bit 0. When CP is 0, the counter increments on a
falling edge of CNT, and when CP is set to 1, the
counter increments on a rising edge of CNT. The
polarity bit CP isnonvolatile

Figure 7. Event Counter

16-bit Counter

The counterdoes not wrap back to zero when it
reaches the limit of 65,535 (FFFFh). Care must be
taken prior to the rollover, and a subsequent counter
reset operation must occur to continue counting.

There is also a control bit that allows the user to
define the counter as nonvolatile loatterybacked

This product conforms to specifications per the terms of the Ramtron
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The counter is nonvoltg when the NVC bit
(register @h, bit 7) is logic 1 and batterybacked
when the NVC bit is logic 0. Settinthe counter
mode to batterpacked allows counter operation
under \ax (as well as ¥p) power. The lowest
operating voltage for battetyacked mod is 2.0V.

When set to “nonvolatile” mode, tlowunter perates
only when \bp is appliedand is above the ¥

voltage

The event counter may be programmed to detect a
tamper event, such as the system’s case or access
door being opened. A normally closeditch is tied

to the CNT pin and the other contact to the case
chassis, usually ground. The typical solution uses a
pullup resistor on the CNT pin and will continuously
draw battery current. THEM33256Bchip allows he

user to invoke a pollednode, whichoccasionally
samples the pin in order to minimize battery dréin.
internally tries to pull the CNT pin up and dpen
circuit will be pulledup to a {4 level, which will trip

the edge detector and increment the event counter
value Setting the POLL bit(register ODh, bit 1)
places the CNT pin into this mode. This mode allows
the event counter to detect a rising edge tamper event
but the user is restricted to operating battey-
backed mode (NVC=0) and using rising edge
detection (CP=1).The CNT pin ispolled once every
125ms. The additional averaggd current is less
than 2MA. The polling timer circuit operates from
the RTC, so the oscillator must be enabled for this to
function properly.

Vbak
< 100pF FM33256B
\ =T T
CNT
- «—
! 125ms
~

Figure 8. Polled Mode on CNI pin Detects Tamper

In the polled mode, the internal pullup circuit can
source a limited amount of current. The maximum
capacitance (switch open circuit) allowed on the CNT
pin is 100pF.

Serial Number

A memory location to write a 6Mit serial number is
provided It is a writeable nonvolatile memory block
that can be locked by the user once the serial number
is set The 8 bytes of data and the lock bie all
accessed via unique -gpdes for the RTC and
Processor @Gmpanionregisters Therefore the sefia

number area is separate and distinct from the memory
array. The serial number registers can be written an
unlimited number of times, so these locations are
general purpose memorilowever once the lock bit

is set, the values cannot be altered and the lock
cannot be removed. Once locked the serial number
registers can still be read by the system

The serial number is located in registeth 1o 17h.
The lock bit is SNL, registet8h bit 7. Setting the
SNL bit to a 1 disables writes to the serial number
registers, andhe SNL bit cannot be cleared.

Alarm

The alarm function compares usegsrogrammed
values to the corresponding time/date values and
operates under 34 or Vgax power When a match
occurs, an alarm event occurs. The alarm drives an
internal flagAF (registerOOh bit 6) and may drive
the ACSpin, if desired, by setting the AL/SWiit
(register 18n, bit 6) in the Companion Control
register. The alarm condition is cleared by writing a
‘0’ to the AF bit

There are five alarm match fields. They alenth,
Date Hours, Minutes, and Seconds. Each of these
fields also has a Match bit that is used to deteenfi

the field is used in the alarm match logic. Setting the
Match bit to ‘0’ indicates that the corresponding field
will be used in the match proces

Depending on the Match bits, the alarm can occur as
specifically as one particular second on one day of
the month, or as frequently as once per second
continuously. The MSB of each Alarm register is a
Match bit. Examples of the Match bit safs are
shown in Table 3Selecting none of the match bits
(all ‘1’s) indicates that no match is required. The
alarm occurs every second. Setting the match select
bit for seconds to ‘0O’ causes the logic to match the
seconds alarm value to the current time of &igce

a match will occur for only one value per minute, the
alarm occurs once per minute. Likewise setting the
seconds and minutes match select bits causes an
exact match of these values. Thus, an alarm will
occur once per hour. Setting seconds, minidesl,
hours causes a match once per day. Lastly, selecting
all matchvalues causes an exact time and date match.
Selecting other bit combinations will not produce
meaningful results, however the alarm circwil
follow the functions described.

There ardwo ways a user can detect an alarm event,
by reading the AF flag or monitoring th&CS pin.
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The interrupt pin on the host processor may be used
to detect an alarm everithe AFflag in register 00h

(bit 6) will indicate thata time/date match has
occurred The AF flag will be set to ‘1’ when a match
occurs.The AEN bit must be set tonable the AF
flag on alarm matchedThe flag and ACS pin will
remain in this statantil the AF bitis cleared by
writing it to a ‘0. Clearing the AEN bit will prevent
further matches from setting AF but will not
automatically clear the AF flag.

The RTC alarm is integrated into the special function
registers and smes its output pin with the 512Hz
calibrationand square waveutpus. When the RTC
calibration mode is invokedy setting the CAL bit
(register 00h, bit 2), théACS output pin will be
driven with a 512 Hz square wave and the alarm will
continue to operate. Since most users only invoke the
calibration mode during production this should have
no impact on the otherwise normal operation of the
alarm.

Table 3. Alarm Match Bit Examples

The ACSoutput may also be used to drive the system
with a frequency other than 8Hz. The AL/SW bit
(register18nh, bit 6) must be'0’. A userselectable
frequency is provided by FO and fg&gisterl8h, bits

4 and5). The dher frequencies are 1, 4096, and
32768 Hz. If a continuous frequency output is
enabled with CAL mode, the alarm function will not
be available.

Following is a summary table that shows the
relationship between register control settings and the
stateof the ACS pin.

Table 2. State of Register Bit

State of Register Bit | Function of
CAL | AEN | AL/SW ACS pin

0 1 1 /Alarm

0 X 0 Sq Wave out

1 X X 512 Hz out

0 0 1 Hi-Z

Seconds| Minutes | Hours | Date | Months | Alarm condition
1 1 1 1 1 No match required = alarm 1/second
0 1 1 1 1 Alarm when seconds match = alarm 1/minute
0 0 1 1 1 Alarm when seconds, minutes match = alarm 1/hour
0 0 0 1 1 Alarm when seconds, minutes, hours match = alarm 1/date
0 0 0 0 1 Alarm when seconds, minutes, hours, date match = alarm 1/mo

Realktime Clock Operation

The realtime clock (RTC) is a timekeeping device
that can beapacitor or batterybacked for
permanentlypowered operation. It offers a software
calibration feature that allowsgh accuracy.

The RTC consists of an oscillator, clock divider, and
a register system for user access. It divides down the
32.768 kHz timebase and provides a minimum
resolution of seconds (1Hz). Static registers provide
the user with read/write accessthe time values. It
includes registers for seconds, minutes, hours, day
of-theweek, date, monthend years. A block

diagram shown in Figur@illustrates the RTC

function.

The user registers are synchronized with the
timekeeper core usinR and W t&s in register 00h.

The R bit is used to read the time. Changing the R bit
from O to 1 transfers timekeeping information from

the core into the user registers@h that can be
read by the user. If a timekeeper update is pending
when R is set, then thereowill be updated prior to
loading the user registers. The user registers are
frozen and will not be updated again uttii R bit is
cleared to &0'.

The W bit is used to write new time/date \asu
Setting the W bit to &’ stops the RTC and allows
the timekeeping core to be written with new data.
Clearing it to'0’ causes the RTC to start running
based on the new values loaded in the timekeeper
core.The RTC may be synchronized to another clock
source. On the"8clock of the write to register 00h
(W=0), the RTC starts countirngith a timebase that
has been reséb zero milliseconds

Note:Users should be certain not to load invalid
values, such as FFh, to the timekeeping registers.
Updates to the timekeeping core occur continuously
except when loked.
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Figure 9. Realtime Clock Core Block Diagram

Backup Power

The realtime clock/calendar is intended to be
permanently powered. When the primary system
power fails, the voltage on thepy pin will drop.
When \pp is les 2.5V, the RTC (and event counters)
will switch to the backup power supply og¢. The
clock operates at extremely low current in order to
maximize battery or capacitor life. However, an
advantage of combining a clock function with FRAM

memory is thatdata is not lost regardless of the
backup power source.

25

15 - ="
g ——+85C
— — - ——+55C

+25C

Ihak (pA)
-
[=]

- A0C.

Q.5

0.0

1.5 2.0 2.5 3.0 3.5

Vbak (V)

Figure 10. lgak VS. Veak Voltage

Note: The minimum \4ak Voltage has been
characterized a#0°C and +85°C but is not
100% tested.

The kak current varies with temperature and voltage
(see DC parametric tabldjigure 10shows gax as a
function of Vgak. These curves are useful for
calculating backup time when a capacitor isduae
the Vgak source.

The minimum \s« Vvoltage varies linearly with
temperature. The user can expect the minimwax V
voltage to be 1.23V at +85°C and 1.90V-40°C.
The tested limit is 1.55V at +25°C.

-40 -20 a 0 40 50 8O

Temperature (°C)

Figure 11 Vgak (Min.) vs Temperature
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Trickle Charger

To facilitate capacitor backup, the VBAK pin can
optionally provide a trickle chargaurrent.When the
VBC bit (register 18h bit 3) is set to a ‘1’, the¢

pin will source approximately 8QA until Vpgak
reaches Yp. This charges the capacitor topp/
without an external diode and resistor charger.
There is a Fast Charge mode whichriatded by the
FC bit (register 18h, bit 2). In this mode thekkic
charger curmet is set to approximately 1 An
allowing a large backup capacitor to charge more
quickly.

¢ In the case where no battery is used, thgV
pin should be tied to §,and VBChit cleared.

% Note: systems using lithium batteries should clear
the VBC hit to 0 to prevent battery charging. The
VBAK circuitry includes an internal 1 K series
resistor as a safety element. Thetrickle charger is UL
Recognized.

Calibration

When the CAL bitm register 00h is set to'd’, the
clock enters calibration mode. ThEM33256B
employs a digital methodfor calibrating the crystal
oscillator freqency The digital calibration scheme
applies a digital correction to the RTC counters dase
on the calibration settings, CALS and CAl04 In
calibration mode (CAL=1), théCS pin is driven
with a 512 Hz (nominal) square wave and the alarm
is temporarilyunavailable. Any measured deviation

from 512 Hz translates into a timekeeping error. The
user measures the frequency andrites the
appropriate correctionvalue to the calibration
register. The correction codes are listed in the table
below. For convenience, the table also shows the
frequency error in ppm. Positive ppm errors require a
negative adjustment that removes pulses. Negative
ppm errors require a positive correction that adds
pulses. Positive ppm adjustments have the CALS
(sign) bit set to 1, whre as negative ppm adjustments
have CALS = 0. After calibration, the clock will have
a maximum error oft 2.17 ppm ort 0.09 minutes
per month at the calibrated temperature.

The user will not be able to see the effect of the
calibration setting on the 512 Hz output. The
addition or subtraction of digital pulses occurs after
the 512 Hz output.

The calibraibn setting is stored in-RAM so it is hot
lost should the backup source fail. It is accessed with
bits CAL.4-0 in register 01h. This value only can be
written when the CAL bit is set to a 1. To exit the
calibration mode, the user must clear the CALdia t
logic 0. When the CAL bit is 0, th&CS pin will
revert to the function according to Table 2.

Crystal Type

The crystal oscillator is designed to use a 12.5pF
crystal without the need for external components,
such as loading capacitors. TR&33256B device
has builtin loading capacitors that match the crystal.

If a 32.768kHz crystal is not used, an external
oscillata may be connected to tiV133256B Refer

to Application Note AMO7 for recommendations on
how to implement this.

Layout Recommendatons

The X1 and X2 crystal pins employ very high
impedance circuits and the oscillatoonnected to
these pins can be upset by noise or extra loading. To
reduce RTC clock errors from signal switching noise,
a guard ring should be placed around these padis an
the guard ring grounded. High speed SPI traces
should be routed away from the X1/X2 pads. The X1
and X2 trace lengths should be less than 5 mm. The
use ofa grourd plane on the backside or inner board
layer is preferred. See layout example. Red isdpe t
layer, green is the bottom layer.

This product conforms to specifications per the terms of the Ramtron
standard warranty. The product has completed Ramtron’s internal
qualification testing and has reached production status.

Rev. 3.0
Aug. 2012

Ramtron International Corporation
1850 Ramtron Drive, Colorado Springs, CO 80921
(800) 545FRAM, (719) 4817000
www.ramtron.com

Pagel0 of 28


http://www.ramtron.com/

RAMTRON FM33256B SPI Companion w/ FRAM

Layout for Surface Mount Crystal Layout for Through Hole Crystal
(red = top layer, green = bottom layer) (red = top layer, green = bottom layer)

Table 4. Digital Calibration Adjustments

Positive Calibration for slow clocks: Calibration will achieve + 2.17 PPM after calibration
Measured Frequency Range Error Range (PPM)
Min Max Min Max Program Calibration Register to:
0 512.0000 511.9989 0 2.17 000000
1 511.9989 511.9967 2.18 6.51 100001
2 511.9967 511.9944 6.52 10.85 100010
3 511.9944 511.9922 10.86 15.19 100011
4 511.9922 511.9900 15.20 19.53 100100
5 511.9900 511.9878 19.54 23.87 100101
6 511.9878 511.9856 23.88 28.21 100110
7 511.9856 511.9833 28.22 32.55 100111
8 511.9833 511.9811 32.56 36.89 101000
9 511.9811 511.9789 36.90 41.23 101001
10 511.9789 511.9767 41.24 45.57 101010
11 511.9767 511.9744 45.58 49.91 101011
12 511.9744 511.9722 49.92 54.25 101100
13 511.9722 511.9700 54.26 58.59 101101
14 511.9700 511.9678 58.60 62.93 101110
15 511.9678 511.9656 62.94 67.27 101111
16 511.9656 511.9633 67.28 71.61 110000
17 511.9633 511.9611 71.62 75.95 110001
18 511.9611 511.9589 75.96 80.29 110010
19 511.9589 511.9567 80.30 84.63 110011
20 511.9567 511.9544 84.64 88.97 110100
21 511.9544 511.9522 88.98 93.31 110101
22 511.9522 511.9500 93.32 97.65 110110
23 511.9500 511.9478 97.66 101.99 110111
24 511.9478 511.9456 102.00 106.33 111000
25 511.9456 511.9433 106.34 110.67 111001
26 511.9433 511.9411 110.68 115.01 111010
27 511.9411 511.9389 115.02 119.35 111011
28 511.9389 511.9367 119.36 123.69 111100
29 511.9367 511.9344 123.70 128.03 111101
30 511.9344 511.9322 128.04 132.37 111110
31 511.9322 511.9300 132.38 136.71 111111
This product conforms to specifications per the terms of the Ramtron Ramtron International Corporation
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Negative Calibration for fast clocks: Calibration will achieve + 2.17 PPM after calibration
Measured Frequency Range Error Range (PPM)
Min Max Min Max Program Calibration Register to:
0 512.0000 512.0011 0 2.17 000000
1 512.0011 512.0033 2.18 6.51 000001
2 512.0033 512.0056 6.52 10.85 000010
3 512.0056 512.0078 10.86 15.19 000011
4 512.0078 512.0100 15.20 19.53 000100
5 512.0100 512.0122 19.54 23.87 000101
6 512.0122 512.0144 23.88 28.21 000110
7 512.0144 512.0167 28.22 32.55 000111
8 512.0167 512.0189 32.56 36.89 001000
9 512.0189 512.0211 36.90 41.23 001001
10 512.0211 512.0233 41.24 45.57 001010
11 512.0233 512.0256 45.58 49.91 001011
12 512.0256 512.0278 49.92 54.25 001100
13 512.0278 512.0300 54.26 58.59 001101
14 512.0300 512.0322 58.60 62.93 001110
15 512.0322 512.0344 62.94 67.27 001111
16 512.0344 512.0367 67.28 71.61 010000
17 512.0367 512.0389 71.62 75.95 010001
18 512.0389 512.0411 75.96 80.29 010010
19 512.0411 512.0433 80.30 84.63 010011
20 512.0433 512.0456 84.64 88.97 010100
21 512.0456 512.0478 88.98 93.31 010101
22 512.0478 512.0500 93.32 97.65 010110
23 512.0500 512.0522 97.66 101.99 010111
24 512.0522 512.0544 102.00 106.33 011000
25 512.0544 512.0567 106.34 110.67 011001
26 512.0567 512.0589 110.68 115.01 011010
27 512.0589 512.0611 115.02 119.35 011011
28 512.0611 512.0633 119.36 123.69 011100
29 512.0633 512.0656 123.70 128.03 011101
30 512.0656 512.0678 128.04 132.37 011110
31 512.0678 512.0700 132.38 136.71 011111
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Register Map

The RTC and processor companion functions are access&@ sgeial function registers, which areappe to
unique opcodes The inteface protocol is described on pat@ The registers contain timekeeping datkarm
settings, control bits, aridformation flags. A description of each r&tgr follows the summary ltée.

Register Map Summary Table

Batterybacked =[]

Nonvolatile =[]

BB/NV User Programmable []

Address D7 D6 D5 D4 p3 | b2 | b1 | Do
1Dh /Match 0 0 10 mo Alarm months
1Ch /Match 0 10 date Alarm date
1Bh /Match 0 Alarm 10 hours Alarm hours
1Ah /Match Alarm 10 minutes Alarm minutes
19h /Match Alarm 10 seconds Alarm seconds
18h SNL AUsw | F1 | Fo vBC | FC | viPi | VTPO
17h Serial Number Byte 7
16h Serial Number Byte 6
15h Serial Number Byte 5
14h Serial Number Byte 4
13h Serial Number Byte 3
12h Serial Number Byte 2
11h Serial Number Byte 1
10h Serial Number Byte 0
OFh Event Counter Byte 1
OEh Event Counter Byte 0
0Dh NVC - - - RC WC POLL CP
0Ch WDE - - WDSET4 | WDET3 WDET?2 WDET1 WDETO
0Bh - - - WDST4 WDST3 WDST?2 WDST1 WDSTO
O0Ah - - - - WR3 WR2 WR1 WRO
0%h EWDF LWDF POR LB - - - -
08h 10 years years
07h 0 0 0 [ 10mo months
06h 0 0 10 date date
05h 0 0 o [ o 0 day
04h 0 0 10 hours hours
03h 0 10 minutes minutes
02h 0 10 seconds seconds
01h - - CALS CAL4 CAL3 CAL2 CAL1 CALO
00h J/OSCEN AF CF AEN reserved CAL W R

Function

Alarm Month
Alarm Date

Alarm Hours
Alarm Minutes
Alarm Seconds
Companion Control
Serial Number 7
Serial Number 6
Serial Number 5
Serial Number 4
Serial Number 3
Serial Number 2
Serial Number 1
Serial Number 0
Event Counter 1
Event Counter 0
Event Counter Control
Watchdog Control
Watchdog Control
Watchdog Restart
Watchdog Flags
Years

Month

Date

Day

Hours

Minutes

Seconds
CAL/Control
RTC/Alarm Control

Range
01-12
01-31
00-23
00-59
00-59

FFh
FFh
FFh
FFh
FFh
FFh
FFh
FFh
FFh
FFh

00-99
01-12
01-31
01-07
00-23
00-59
00-59

Note: When the device is first powered apd programmedall timekeepingregisters must be written because the battery
backed register values cannot be guaranteed. The table below shows the default valueswobthtle registers and some of
the batterybacked bits. All other register values should be treated as unknown

Default RegisterValues

Addr ess Hex Val ue Addr ess Hex Val ue
1Dh 0x81 12h 0x00
1Ch 0x81 11h 0x00
1Bh 0x80 10h 0x00
1Ah 0x80 OFh 0x00
19h 0x80 OEh 0x00
18h 0x40 0Dh 0x01
17h 0x00 0Ch 0x00
16h 0x00 0Bh 0x00
15h 0x00 01h 0x00
14h 0x00 00h 0x80
13h 0x00
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Register Description

Address  Description
1Dh Alarm —Month
D7 D6 D5 D4 D3 D2 D1 DO
M 0 0 10 Month Month.3 Month.2 Month.1 Month.0
Contains the alarm value for the month and the magk belect or deselect thedvithvalue.

M Match. Settig this bit to 0 causes the Monthlueto be used in the alarm matdgic. Setting this bit to 1
causes the match circuit to ignore the Month vaBagterybacked, read/write.

1Ch Alarm —Date

D7 D6 D5 D4 D3 D2 D1 DO
M 0 10 date.1 10 date.0 Date.3 Date.2 Date.1 Date.0
Contains the atan value for the date and the masktbiselect or deselect theaizvalue.

M Match: Settiig this bit to 0 causes the Datalue to be used in the alarm malogic. Setting this bit to 1 causeg
the match circuit to ignore the Date valBatterybacked read/write.

1Bh Alarm —Hours

D7 D6 D5 D4 D3 D2 D1 DO
M 0 10 hours.1 10 hours.0 Hours.3 Hours2 Hours.1 Hours.0
Contains the alarm value for the hours and the rhagk select or deselect thetts value.

M Match: Setting this bit to 0 causes the Hours value to be used in the alarmagtcBetting this bit to 1 cause
the match circuit to ignore the Hours valBatterybacked, read/write.

1Ah Alarm — Minutes

D7 D6 D5 D4 D3 D2 D1 DO
M 10 min.2 10 min.1 10 min.0 Min.3 Min.2 Min.1 Min.0
Contains the alarm value for the minutes and the gk select or deselect theidites value

M Match: Setting this bit to O causes the Minutes value to be used in the a&rhdogic. Setting this bit to 1
causes the match circuit to ignore tiinutes valueBatterybacked, read/write.

19h Alarm — Seconds

D7 D6 D5 D4 D3 D2 D1 DO
M 10 sec.2 10 sec.1 10 sec.0 Seconds.3 Seconds.2 Seconds.1 Seconds.0
Contains the alarm value for the seconds and the magkdstect or deselect the®nd value.

M Match: Setting this bit to 0 causes the Seconds value to be used in the alamogiatSetting this bit td
causes the match circuit to ignore the Seconds vahtterybacked, read/write.

18n Companion Control

D7 D6 D5 D4 D3 D2 D1 DO
SNL AL/SW F1 FO VBC FC VTP1 VTPO

SNL Serial Number Lock: Setting to'& makes registersth to 1I7h and SNL rea@nly. SNL cannot be cleared on
setto'l’. Nonvolatile, read/write.

AL/SW Alarm/Square Wave Select: When setlfq the alarm mattdrives theACS pin as well as the AF flag. When
set t0'0’, the selected Square Wave Freq will be driven o\@8 pin, and an alarm match only sets the AF
flag. Nonvolatile, read/write.

F(1:0) Square Wave Freq Select: These bits select the frequartbgACS pin when the CAL and AL/SW bits are
both ‘0’. Nonvolatile.

Setting F(1:0) Setting F(1:0)
1Hz 00 (default) 4096 Hz
512 Hz 3276&Hz

VBC VBAK Charger ControlSettingVBC to ‘1’ (and FC=0) causes a 80 pA (1 mA if FC=1) trickle ghaturrent tg
be supplied on Y. Clearing VBC td0’ disables the charge current. Battbgcked read/write.

FC Fast Charge: Setting FG 1’ (and VBC=1) causes a ~1 mA trickle charge current to be suppliedan V
Clearing VBC td0’ disables thelarge current. Batteslgacked, read/write.

VTP(1:0) VTP Select. These bits control the reset trip point for the \aw reset function.When \pp is below the

selected Vp voltage, the reset pin /RST will drivevilcandthe SPlinterfacewill be locked outNonvolatile,
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read/write.

Setting  VTP(1.0)
2.60v 00 (factorydefault)

2.75% 01
2.9v 10
3.0v 11
17h Serial Number Byte 7
D7 D6 D5 D4 D3 D2 D1 DO
SN.63 SN.62 SN.61 SN.60 SN.59 SN.58 SN.57 SN.56
16h Serial Number Byte 6
D7 D6 D5 D4 D3 D2 D1 DO
SN.55 SN.54 SN.53 SN.52 SN.51 SN.50 SN.49 SN.48
15h Serial Number Byte 5
D7 D6 D5 D4 D3 D2 D1 DO
SN.47 SN.46 SN.45 SN.44 SN.43 SN.42 SN.41 SN.40
14h Serial Number Byte 4
D7 D6 D5 D4 D3 D2 D1 DO
SN.39 SN.38 SN.37 SN.36 SN.35 SN.34 SN.33 SN.32
13h Serial Number Byte 3
D7 D6 D5 D4 D3 D2 D1 DO
SN.31 SN.30 SN.29 SN.28 SN.27 SN.26 SN.25 SN.24
12h Serial Number Byte 2
D7 D6 D5 D4 D3 D2 D1 DO
SN.23 SN.22 SN.21 SN.20 SN.19 SN.18 SN.17 SN.16
11h Serial Number Byte 1
D7 D6 D5 D4 D3 D2 D1 DO
SN.15 SN.14 SN.13 SN.12 SN.11 SN.10 SN.9 SN.8
10h Serial Number Byte 0
D7 D6 D5 D4 D3 D2 D1 DO
SN.7 SN.6 SN.5 SN.4 SN.3 SN.2 SN.1 SN.0
All serial numbebytes areead/write when SNL=0, reaahly when SNL=1. Nonvolatile.
OFh Event Counter Byte 1
D7 D6 D5 D4 D3 D2 D1 DO
EC.15 EC.14 EC.13 EC.12 EC.11 EC.10 EC.9 EC.8

Event Counter Byte 1. Increments on programmed edge event on CNT input. Nonwdlatil&lVC=1,
Batterybacked when NVC=Qread/write.

OEh Event Counter Byte O
D7 D6 D5 D4 D3 D2 D1 DO
EC.7 EC.6 EC.5 EC.4 EC.3 EC.2 EC.1 EC.0

Event CounteByte Q Increments on programmed edge event on CNT input. Nonvolatile when NVC=1,
Batterybacked when NVC=Qread/write.

0Dh Event Counter Control
D7 D6 D5 D4 D3 D2 D1 DO
NVC - - - RC wcC POLL CP
NVC Nonvolatile/Volatile Counter: Setting this bit fomakes the counter nonvolatile and counter operates only

Vpp is greater than . Setting this bit td) makes the counter volatile, which allows counter operation under
Veak Or Vpp power.If the NVC bit is changedhe counter value is not valilonvolatile, read/write.
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RC

Read Counter. Setting this bit to 1 takes a snapshot of the two counter loytésgathe system to read the
values wihout missing count event§.he RCbit will be automatically cleared.

wcC Write Counter. Setting this bit to a 1 allows the usewtite the counter bytes. While WC=1, the counter is
blocked from count events on the CNT pin. The WC bit must be cleared by the usifate doe counter.

POLL Polled Mode: When POLL5the CNT pin is sampled for 30us every 125ms. If POLL is set, the NVC bit i
internally cleared and the CP bit is setletect a rising edg&he RTC oscillator must be enabled (/OSCEN=
to operate in polled modaVhen ROLL=0, CNT pin is continuously active. Nonvolatile, read/write.

CP The CNT pin detects falling edges when CP = 0, rising edges when CP = 1. Nonvolatile, read/writ

0Ch Watchdog Control

D7 D6 D5 D4 D3 D2 D1 DO
WDE WDET4 WDET3 WDET?2 WDET1 WDETO

WDE Watchdog Enable When WDE 1, a watchdog timer fault will cause the /RST ®igr@ahctive. When WDE =
0 the timer runs but has no effect on the /RST pin. Nonvolatile, read/write.

WDET(4:0)| Watchdog EndTime: Sets the ending time for the watclhdodow timer with ® ms(min.) resolution. The
window timer allow independent leading and trailing edges (start and end of window) toNveveevatchdog
timeouts are loaded when the timer is restarted by writing the 1010b pattern t@YWHR@save power (disabl
timer circuit), the EndTime may be set to all zeroes. Nonvolatile, reigel/w

Watchdog EndTime WDET4 WDET3 WDET2 WDET1 WDETO
Disables Timer 0 0 0 0 0
(min.) (max.)
60 ms 200 ms 0 0 0 0 1
120 ms 400 ms 0 0 0 1 0
180 ms 600 ms 0 0 0 1 1
1200 ms 4000 ms 1 0 1 0 0
1260 ms 4200 ms 1 0 1 0 1
1320 ms 4400 ms 1 0 1 1 0
1740 ms 5800 ms 1 1 1 0 1
1800 ms 6000 ms 1 1 1 1 0
1860 ms 6200 ms 1 1 1 1 1
0Bh Watchdog Control
D7 D6 D5 D4 D3 D2 D1 DO
WDST4 WDST3 WDST?2 WDST1 WDSTO
WDST(4:0) Watchdog StartT|me Sets the starting time for the watchdog window timer witk @Bax.)resolution. The

window timer allow independent leading and trailing edges (start and end of window) toNeveevatchdog
timer settings are loaded when the timer is restarted by writing the 101&impgattWVR(3:0). Nonvolatile,
read/write.

Watchdog StartTime WDST4 WDST3 WDST2 WDST1 WDSTO

D

0 ms (default) 0 0 0 0 0

(min.) (max.)

7.5 ms 25 ms 0 0 0 0 1
15.0ms 50 ms 0 0 0 1 0
225 ms 75 ms 0 0 0 1 1

150 ms 500 ms 1 0 1 0 0

1575 ms 525 ms 1 0 1 0 1

165 ms 550 ms 1 0 1 1 0

2175 ms 725 ms 1 1 1 0 1
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225 ms 750 ms 1 1 1 1 0
2325 ms 775 ms 1 1 1 1 1
0Ah Watchdog Restart
D7 D6 D5 D4 D3 D2 D1 DO
- - - - WR3 WR2 WR1 WRO0

WR(3:0) Watchdog Restart. Writing a pattern 1010b to WR(3:0) restarts the watchdog timer. The upper nibble
do not affect this operation. Writing any pattern other than 1010b to-QUR& noeffect on the watchdog
Write-only.

09h Watchdog Flags

D7 D6 D5 D4 D3 D2 D1 DO
EWDF LWDF POR LB - - - -

EWDF Early Watchdog Timer Fault Flag: When a watchdog restart occurs too earle(ttef@rogrammed watchdo
StartTime), the /RST piis driven low and this flag is set. It must be cleared by the user. NoteothaEWDF
and POR could be set if both reset sources have occurred since the flags were clis@reddnBattery
backed, read/write.

LWDF Late Watchdog Timer Fault FlagiVhen either a watchdog restart occurs too late (after the programmed
watchdog EndTime) or no restart occurs, the /RST pin is driven low and this flag isreest be cleared by th
user. Note that both LWDF and POR could be set if both reset sources have occurrie siags were
cleared by the user. Battelpacked, read/write.

POR PowerOn Reset: When the /RST signal is activated by ¥ V1p, the POR bit will be set to 1A manual reset
will not set this flag. Note that one or both of the watchdog flagdthe PORflag could be set if both reset
sources have occurred since the flags were cleared by the user.-Batfeed, read/writginternally set, user
must clear bit)

LB Low Backup: If the Vak Source drops to a voltage level insufficf to operate the RTC/alamvhen
Vpp<Vpgak, this bit will be set tol’. All registers need to be-iaitialized since the batterfyacked register
values should be treated as unknown. The user should clear it to O when initializiystehe sBattenbaded.
Read/Write (internally set, user must clear bit).

08h Timekeeping— Years

D7 D6 D5 D4 D3 D2 D1 DO
10 year.3 10 year.2 10 year.1 10 year.0 Year.3 Year.2 Year.1 Year.0
Contains the lower two BCD digits of the year. Lower nibble contains the faalyears; upper nibble contains
the value for 10s of years. Each nibble operates from 0 to 9. The range for the regi9@&Battery-backed,
read/write.

07h Timekeeping— Months

D7 D6 D5 D4 D3 D2 D1 DO

0 0 0 10 Month Month.3 Month.2 Month.1 Month.0
Contains the BCD digits for the month. Lower nibble contains the lower digit and odevate®to 9; upper
nibble (one bit) contains the upper digit and operates from 0 to 1. The range for the ieetjit® Battery
backed, read/write.

06h Timekeeping— Date of the month

D7 D6 D5 D4 D3 D2 D1 DO

0 0 10 date.1 10 date.0 Date.3 Date.2 Date.1 Date.0
Contains the BCD digits for the date of the month. Lower nibble contains the lower digiteaxatesgrom 0 to
9; upper nibble contains the upper digit and operates from 0 to 3. The range for the se3teBattery
backed, read/write.

05h Timekeeping— Day of the week

D7 D6 D5 D4 D3 D2 D1 DO

0 0 0 0 0 Day.2 Day.1 Day.0
Lower nibble contains a value that correlates to day of the Wegkof the week is a ring counter that counts
from 1 to 7 then returns to 1. The user must assign meaning to the day value, assmediayegrated with the
date. Batterybacked, read/write.

04h Timekeeping— Hours

D7 D6 | D5 | D4 | D3 | D2 | D1 | Do
This product conforms to specifications per the terms of the Ramtron Ramtron International Corporation
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0

0 10hours.1

10 hours.0

Hours.3

Hours2

Hours.1

Hours.0

Contains the BCD value of hours in-Bdur format. Lower nibble contains the lower digit and operates fron
to 9; upper nibble (two bits) contains the upper digit and operates from 0 to 2. The rahgeadgister is @3.
Batterybacked, read/write.

03h

Timekee

ing— Minutes

D7

D6

D5

D4

D3

D2

D1

DO

0

10 min.2

10 min.1

10 min.0

Min.3

Min.2

Min.1

Min.0

Contains the BCD value of minutes. Lower nibble contains the lower digit and operatestfr@rupper nibble
contains the upper minutes digit and operates from 0 to 5. The range for the regiS@&Batterybacked,

read/write.

02h

Timekee

ing— Seconds

D7

D6

D5

D4

D3

D2

D1

DO

0

10 sec.2

10 sec.1

10 sec.0

Seconds.3

Seconds.2

Seconds.1

Seconds.0

Contains the BCD value of seconds. Lower nibble contains the lower digit and operatesdrdnupper nibble
contains the upper digit and operates from 0 to 5. The range for the regisk&. Babterybacked, read/write.

01h

CAL/Control

D7 D6 D5 D4 D3 D2 D1 DO

CALS CAL.4 CAL.3 CAL.2 CAL.1 CAL.0

CALS

Calibration Sign: Determines if the calibration adjustment is applied addition to or as a subtraction from {
time-base. This bit can be written only when CAL=1. Nonvolatilead/write.

CAL.4-0

Calibration Code: These five bits control the calibration of the cldtlese bits can be written only when
CAL=1. Nonvolatile, read/write.

00h

RTC/Alarm Control

D7 D6 D5 D4 D3 D2 D1 DO

OSCEN AF CF AEN Reserved CAL W R

/OSCEN

Oscillator Enable. When set t, the oscillator is halted. When set®, the oscillator runs. Disabling the
oscillator can save battery power during storage. On a pawvesithout a \4a« sourceor on a poweup after a
Veak source has been appljgdis bit is internally set ttl’, which turns off the oscillatoBatterybacked,
read/write.

AF

Alarm Flag:Thisbit is set to 1 when the time and date match the values stored in theed@ters with the
Match bit(s) = 0.The user must clear it t0’. Batterybacked. (internally set, user must clear bit)

CF

Century Overflow Flag: Thibit is set to a 1 when the values in the years register overflows from 99 to €0.
indicates a new century, such as going from 1999 to 2000 or 2099 to 2100. The user should record the
century information as needed. The user must clear the CF®it Battery-backed(internally set, user must
clear bit)

new

AEN

Alarm Enable: This bit enables the alarm function. When AEN is set (and CAled)etheACS pin operates ag
an activelow alarm. The state of th®CS pin is detailed in Table 2When AEN is clearedho new alarm event
that sethe AF bitwill be generated Clearing the AEN bit does nautomatically clear AFBatterybacked.

CAL

Calibration Mode: When CAL is set to 1, the clock enters calibration mode. WhernsGat to 0, the clock
operates normally, and t#eCS pin is controlled by the RTC alarrBatterybackedread/write.

Write Time. Setting the W bit to 1 freezes updates of the user timekeepingnedi$te user can then write
them with updated values. Setting the W bit to 0 causes the contents of thegiishers to be transferred to th
timekeeping counter8atterybacked, ead/write.

14

Read Time. Setting the R bit td’' ‘copies a sttic image of the timekeeping core and p&tato the user
registers. The user can then read them without concerns over changing values caigsingrsgrs. The R bit
going from O to 1 causes the timekeeping capture, so the bit must bedetufpeior to reading agairBattery
backedyread/write.

Reserved

Reserved bits. Do not use. Should remain set to O.

This product conforms to specifications per the terms of the Ramtron
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Serial Peripheral Interface— SPI Bus

The FM33256B employs a Serial Peripheral
Interface (SPI) bus. It is specified to operate at
speeds up to
16 MHz. This highspeed serial bus provides high
performance serial communication to a host
microcontroller. Many common microcontrollers
have hardware SPI ports allowing a direct interface.
It is quite simple to emulate the port using ordina

port pins for microcontrollers that do not. The
FM33256Bdeviceoperaten SPI Mode 0 and 3.

the bus master, the FM33256B will begin monitoring
the clock and data lines. The relationship between
the falling edge of /CS, the clock and data is dictated
by the SPI mode. The device will make a
determination of the SPI mode on the falling edge of
each chip select. While there are four such modes,

SCK
MOSI
MISO %
sPI SO SI SCK SO SI SCK
Microcontroller FM33256B FM25W256
CS CS
SS2 Ar

MOSI: Master Out, Slave In
MISO: Master In, Slave Out
SS: Slave Select

Figure 13. System Configuration with SPI port

For a microcontroller that has no dedicated SPI bus,
a general purpose port may be used. To reduce
hardware resources on the controller, it is possible to
connect the two datans togetherFigure14 shows

a configuration that uses only three pins.

P1.0
P11
Microcontroller SO Sl SCK
FM33256B
[
P1.2

Figure 14. System Configuration without SPI port

the FM33256B supports only modes 0 and 3. Figure
15 shows the required signal relationships for modes
0 and 3. For both modes, data is clocked into the
FM33256B on the rising edge of SCK and data is
expected on the first rising edge after /CS goes
active. If the clock starts from a high state, il all

prior to the first data transfer in order to create the
first rising edge.

The SPI interface uses a total of four pins: clock,
datain, dataout, and chip select typicd system
configuration usesan FM33256B and a standalone
SPI device with a microcontroller that has a
dedicatedSPI port as Figurel3illustrates Note that
the clock, datan, and datsout pins arecommon
among all devices. The /CBins must be driven
separately for thd=M33256B and each additional
SPldevice.

Protocol Overview

The SPI interface is a synchronous serial interface
using clock and data pins. It is intended to support
multiple devices on the bus. Each device is activated
usinga chip select. @ce chip select is activateg b

SPI Mode 0: CPOL=0, CPHA=0

SCK
sl

MSB

N I T

LSB

SPI Mode 3: CPOL=1, CPHA=1

S

LSB

so ][] [
sl

MSB
Figure 15. SPI Modes 0 & 3
The SPI protocol is controlled by @wdes. These

op-codes specify the commands to the device. After
/CS is activated the first byte transferred from the
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bus master is the epde. Following the opode,
any addresses and data are then transfeMicd. that
the WREN and WRDI ogodes are commands with
no subsegent data transfer.

Important: The /CSpin must go inactive after an
operation is complete and before a new epode
can be issuedThere isonly one valid opcode per
active chip select.

Data Transfer

All data transfers to and from tl&vi33256Boccur

in 8-bit groups. They are synchronized to the clock
signal (SCK), and they transfer most significant bit
(MSB) first. Serial inputs are registered on ttsgng
edge of SCK. Outputs are driven from the falling
edge of SCK.

Command Structure

There are eightommands called epodes that can
be issued by the bus master to BM33256B They
are listed in the table below. Theseagues control
the functions performed by the memorgnd
Processor Gmpanion They can be divided into
three categories. First, tteeare commands that have
no subsequent operations. They perform a single
function, such asenablinga write operation. Second
are commands followed by odatabyte, either in or
out. They operate on thetatus RegisterThe third
group includes commandisr memoryandProcessr
Companion transactions followed by address and
one or more bytes of data.

Table 5. Op-code Commands

RDSR Read Status Register | 0000 0101b
WRSR | Write Status Register | 0000 0001b
READ Read Memory Data 0000 0011b
WRITE [ Write Memory Data 0000 0010b
RDPC Read Proc. Companion| 0001 0011b
WRPC Write Proc. Companion| 0001 0010b

WREN - Set Write Enable Latch

The FM33256Bwill power up withwrites disabled.
The WREN command must be issued prior to any
write operation. Sending the WREN -opde will
allow the user to issue subsequenicoges for write
operations. These include writing th&tatus
Register writing the Processor Companioand
writing the memory.

Sending the WREN oepode causes the internal
Write Enable Latch to be set. A flag bit in tB&atus
Register called WEL, indicates the state of the latch.
WEL=1 indicates that writes are permitted.
Attempting to write the WEL bit in he Status
Registerhas no effect on the state of this bithe
WEL bit will automatically be cleared on the rising
edge of /CS following a WRDWRSR,WRPC, or
WRITE op-code No other opcode affects the state
of the WEL bit. This prevens further writesto the
Status Registe~-RAM memory,or thecompanion
register spacewithout another WREN command.
Figure 16below illustrates the WREN command bus
configuration.

WRDI — Write Disable

The WRDI command disables all write activity by
clearing the Write Enable Latch. The user can verify

Name Description Op-code that writes are disabled by reading the WEL bit in
WREN | Set Write Enable Latch| 0000 0110b the Status .Reg|sterand verifying that WEL=0.
WRDI Write Disable 0000 0100b Figure 17 illustrates the WRDI command bus
configuration.
cs
0 1 2 3 4 5 6 7

Hi-Z

Figure 16. WREN Bus Configuration
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so Hi-Z
Figure 17. WRDI Bus Configuration
RDSR - Read Status Register WRSR — Write Status Register
The RDSR command allows the bus master to verify = The WRSR command allows the user toestl
the contents of the StatuRegister. Reading this certain write protection features by writing a byte to
registerprovides information about the current state  the StatusRegister. Prior to sending the WRSR
of the wrie protection bits. Following the RDSR-op command, the user must send a WREN command to
code, theFM33256B will return one byte vth the enable writes. Note that executing a WRSR
contents of the Statuseffister. The Status dgjister command is a write operation and therefore clears
is described in detail in a later section. the Write Emble Latch. The bus timingsf RDSR
and WRSR are shown below.
cs
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

5 ‘
SRR 0 0 00 /1 N0 R
s0 — 7 6 X5 X+ X 3 X2 X 1 Xo

MSB LSB

Figure 18 RDSR Bus Configuration

MSB LSB
SO Hi—Z
Figure 19. WRSR Bus Configuration
(WREN must precede WRSR)
RDPC — Read Processor Companion or morebytes with the contents of the companion

The RDPC command allows the bus master to verify registers When reading multiple data bytes, the

the contents of the Processor Companion registers.
Following the RDPC ojzode,a singlebyte register
address is senthE FM33256Bwill thenreturn one

nternal register addressll wrap around to 00h after
1Dh is reached.

This product conforms to specifications per the terms of the Ramtron Ramtron International Corporation
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WRPC — Write Processor Companion

The WRPC commandis used to set companion
control settings A WREN command isrequired
prior to sendig the WRPCGcommand Following the
WRPC opcode, a singkbyte register address is
sent. The controller then drives one or more bytes to

program the companion registers. When writing
multiple data bytes, the internal register addreitis
wrap around to OOhfter 1Ch is reachedThe rising
edge of /CS terminates a WRPC operatiGee
Figure 21

o 1 2 3 45 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 7
sek [y L
\ \ \ p-che~ \ \ Register Address )
st B 0 0 o/1\0 o/1 17 )6 )5 a3 M2 1 0 KRR R
MSB LSB Data Out
so Hi-z 7 )6 {5 a N3 (2 (2 (o) ) o)——
MSB LSB LSB
Figure 20. Processor CompaniorRead
cs

2 3 45 6 7 0 1 2

Register Address

3 4 5

6 7 0 1 2

MSB

LSB MSB

Figure 21. Processor Companion Write
(WREN must precede WRPC)

Status Register & Write Protection

The write protection features of tHeM33256B are
multi-tiered.To write the memory, a WREN emde
must first be issuedollowed by a WRITE ofode

A Status Register associated with the memory has a

write enable latch bit (WEL) that is internally set
when WREN is issued.

Writes to certain memoy blocks are controlled by
the Block Protect bits in the Status Registdre BP

bits may be changed by using the WRSR command.
The Status Bgister is organized as follows.

Table 6. Status Register
Bit 7654 3 2 1 0
Name [ 0 [ 1 o[ o[ BPL]| BPO| WEL | 0

Bits 7, 5, 4, and Qare fixed at 0, bit 6 is fixed at 1,
and none of these bits can be modifibldte that bit
0 (Ready in EEPROMS) is unnecessary as Rhe
RAM writes in realtime and isnever busy. The BP1

and BPO control software wrigrotection features.
They arenonvolatile(shaded yellow)The WEL flag
indicates the state of the Write Enable Latch.
Attempting to directly write the WEL bit in th8tatus

Registerhas no #ect on its state, since this bit is
internally set and cleared via the WRENdaWRDI
commands, respectivelgP1 and BP0 are memory

block write protection bits. They specify pions of
memory that are writprotected as shown in the
following table.

Table 7. Block Memory Write Protection

BP1 BPO | Protected Address Range
0 0 None
0 1 Upper ¥4
1 0 Upper %
1 1 All

This product conforms to specifications per the terms of the Ramtron
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The BP1 and BPO bits and the Write Enable Latch
are the only mechanisms that protect the memory
from writes.

Memory Operation

The SPI intedice, which is capable of a relatively
high clock frequency, highlights the fast write
capability of theF-RAM technology. Unlike SPbus

EEPROMSs, theFM33256B can perform sequential

writes at bus speed. No page register is needed and

any number of sequeatiwrites may be performed.

Write Operation

All writes to the memonybegin with a WREN op
code with /CS being asserted and deasserfEue
next op-code isa WRITE. The WRITE op-code is
followed by a twebyte address valueThis is the
starting address ofthe first data byte of the write
operation. Subsequent bytes are dgties, whichare
written sequentially. Addresses are incremented
internally as long as the bus master continuessioei
clocksand keeps /CS lowA write operation will be
terminated when a writprotected address is directly
acessed or when the device has internally
incremented the address into a wptetected space

If the lastaddress (7FFFh) is reacheitie counter
will roll over to 0000h. Data is written MSB first.
The rising edge of /CS terminates a WRITE

Cs

operation.A write operation is shown in Figur22.
Note: Although the WREN oepode is not shown in
the timing diagram, it is required prior to sending the
WRITE command.

EEPROMsuse page buffers to increase their write
throughput. This compensates for the technology’s
inherently slow write operationsF-RAM memories

do not have page buffers because each byte is written
to theF-RAM array immediately after it is clocked in
(after the & clock). This allowsany number of yes

to be written without page buffer delays

Read Operation

After the falling edge of /CS, the bus master can issue
a READ opcode. Following the READ commatrisl

a twobyte address valudhis is the startingddress

of the first byte of the read opeiat. After the op
code and @dress are issugthedevice drives out the
read data on the next 8 clocks. The SI input
ignoredduring read data byteSubsequent bytes are
data bytes, which are read out sequentially.
Addresses are incremented internally long as the
bus mastecontinues to issuelocksand /CS is low

If the last addresss reached(7FFFh), the counter
will roll over to 0000h. Data is read MSB first. The
rising edgeof /CS terminates a READperation. A
readoperation isshown in Figue 23.

0 1 2 3 4 5 6 7 0 1 2 3 4 6 7 0 1 2 3 4 5 6 7 7
sck M§§ §§

" Op-code ' 16-bit Address

0 0 0 0 0

MSB

Mo

Data In

P ERED G D EPED ED EFED ED S WO

LSB MsSB LsSB

so Hi-Z

Figure 22. Memory Write
(WREN must precede WRITE)

0 1 2 3
SCK

Op-code 16-bit Address

0 0 0 0

MSB

4 5 6 7 0 1 2 3 4 6 7 0 1 2 3 4 5 6 7 §§ 7

LSB Data Out

so Hi-Z.

§

MSB LsB

Figure 23. Memory Read
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Electrical Specifications

Absolute Maximum Ratings

Symbol Description Ratings
Vpp Power Supply Voltage with respect taV/ -1.0V to 5.0V
Vin Voltageon any signal pin with respect tgy -1.0V to 5.0V and

Vin < Vppt+1.0V

Vak Backup $ipply Voltage -1.0V to +4.5V
Tste Storage €mperature -55°C to + 125C
TLeap Lead Temperature (Soldering, 10 seconds) 260° C
VEsp Electrostatic Discharge Voltage

- Human Body Model(JEDEC Std JESD22A114-E) TBD

- Charged Device ModeUEDEC Std JESD2L101C) TBD

- Machine Model(JEDEC Std JESD22115-A) TBD

Package Moisture Sensitivity Level MSL-1

Stresses above those listed under Absolute Maximum Ratings may cause permanent damageite.tfiéid is a stress rating
only, and the functional operation of the device at these or any other conditions above those listegénational seatn of this
specification is not implied. Exposure to absolute maximum ratings conditions for exprdests may affect device reliability.

DC Operating Conditions (T, =-40° C to + 85 C, Vpp = 2.7V t03.6V unless otherwise specified)

Symbol Parameter Min Typ Max Units | Notes
Vpp Main Power Supply 2.7 - 3.6 V 1
Ipp Vpp Supply CurrenfVBC=0) 2
@ SCK =1.0 MHz 1.1 mA
@ SCK =16.0 MHz 16.0 mA
lsg Standby Current
Trickle Charger Off(VBC=0) 150 A 3
Veak RTC Backup Voltage \/ 4
@ T, = +25°C to +85°C 1.55 3.75
@ Ta =-40°C to +25°C 1.920 3.75
leak RTC Backup Current 5
@ Ta = +25°C Vgaxk = 3.0V 1.4 pA
@ Ta = +85°C Vigak = 3.0V 2.0 pA
@ Ta = +25°C Vigak = 2.0V 1.15 pA
@ T/.\ = +850C,VBAK =2.0V 1.66 H.A
lgakTC Trickle Charge Currenwith Vgac=0V 6
Fast Charge Off (FC = 0) 50 200 uA
Fast Charge On (FC = 1) 200 2500 pA
lorc Vpp Quiescent Currer(tvBC=1) 70 pA 7
lowp Vpp Quiescent Currert’WVDE=1) 30 uA 8
V1po Vpp Trip Point Voltage, VTP(D) =00b 2.53 2.6 2.72 \ 9
Vip1 Vpp Trip Point VoltageVTP(10) = 01b 2.68 2.75 2.87 \ 9
V1p2 Vpp Trip Point Voltage, VTP(D) =10b 2.78 2.9 2.99 \ 9
V1p3 Vpp Trip Point Voltage, VTP(D) =11b 2.91 3.0 3.15 \ 9
Vst Vpp for valid /RST @ & = 80pA at Vo 10
Vigak > Vgak Min 0 \%
Veak < Veak min 1.6 V
Vsw Battery Switchover Voltage 2.0 2.7 \
Iy Input Leakage Current +1 A 11
lo Output Leakage Current +1 A 11
\ Input Low Voltage
All inputs except as listed below -0.3 0.3 Vop \/ 12

This product conforms to specifications per the terms of the Ramtron
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CNT batterybacked (Mo < Vsw) -0.3 0.5 \Y
CNT (Vpp > Vsw) -0.3 0.8 \%
DC Operating Conditions, continued(T, =-40° C to + 85 C, Vpp = 2.7V to 3.6V unless otherwise specified)
Symbol | Parameter Min Typ Max Units | Notes
Vi Input High Voltage
All inputs except as listed below 0.7 Vbp Vpp + 0.3 \
CNT batterybacked (Mo < Vsw) Veak—0.5 Vgak + 0.3 \Y
CNT Vpp> Vsw 0.7 Vbp Vpp + 0.3 \Y
PFI - Vpp + 0.3 \%
Voo Output Low Voltage @d, = 3 mA - 0.4 \
VoH Output High Voltage
(SO, PFO) @dy =-2 mA Vpp —0.8 - \%
Rrst Pull-up resistance for /RST inactive 50 400 KQ
\ Power Fail Input Reference Voltage 1.475 1.50 1.525 \%
Viys Power Fail Input (PFI) Hysteresis (Rising) - 100 mV
Notes
1. Full complete operation. Supervisory circuits, RTC, etc operate to lower voltagpsdafied.
2. S toggling between ¥p-0.3V and Vsg other inputs ¥sor Vpp-0.3V.
3. Allinputs at Vssor Vpp, static Trickle charger off (VBC=0).
4. The VBAK trickle charger automatically regulates the maximum voltage smpitifor capacitor backup applications.
5. Vpp < Vgw, oscillator running, CNTtaVBAK.
6. Vgak Will source current when trickle charge is enabled (VBC bit=3), ¥ Vgak, and Vsax < Vgak max.
7. This is the \4p supply current contributed by enabling the trickle charger circuit, and does not accogitrtar |
8. This is the \4p supply current contributed by enabling the watchdog circuit, WDE=1 and WDEQJ aeidnzero value.
9. /RST is asserted active whepd< V+p .

10. The minimum \4p to guarantee the level of /RST remains a valig Mvel.
11. Vy or Vour= Vssto Vpp. Does not applyo PFI, X1,0r X2.

12. Includes /RST input detection of external reset condition to trigger driving of /R8al $iyFM33256B.

AC Parameters(T, =-40°C to + 85C, Vpp = 2.7V t03.6V C. = 30 pH

Symbol Parameter Min Max Units Notes
fek SCK Clock Frequency 0 16 MHz
tch Clock High Time 28 ns 1
tcL Clock Low Time 28 ns 1
tesu Chip Select Setup 10 ns
tesh Chip Select Hold 10 ns
top Output Disable Time 20 ns 2
topv Output Data Valid Time 24 ns
ton Output Hold Time 0 ns
tp Deselect Time 90 ns
tr Data h Rise Time 50 ns 1,3
te Data In Fall Time 50 ns 1,3
tsu Data Setup Time 6 ns
ty Data Hold Time 6 ns

Notes

1. tCH + tCL = l/fCK'

2. This parameter is characterized but not 100% tested.

3. Rise and fall times measured between 10% and 90% of waveform.
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Capacitance (T, = 25° C, f=1.0 MHz, \p = 3.0V)
Symbol Parameter Typ Max Units Notes
Co Input/Output Capacitance - 8 pF 1
CxrL X1, X2 Crystal pin Capacitance 25 - pF 1,2
Cent Max. Allowable Capacitance on CNT (polled mog - 100 pF

Notes

1 This paramter is characterized but not tested.

2 The crystal attached the X1/X2 pins must be rated as I#5

Supervisor Timing (T, =-40° C to + 85 C, Vpp = 2.7V t03.6V)
Symbol Parameter Min Max Units Notes
trpU /IRST Active (low) after \bp>Vp 30 100 ms 4
trNR /IRST Response Time ¥pp<V1p (noise filter) 7 25 us 1
tyr Vb Rise Time 50 100,000 H,S/V 1,2
tve Vb Fall Time 100 - H,SA/ 1,2
twosT WatchdogStartTime 0.3tpoc1 tboc1 ms 3
twoeT Watchdog EndTime tboc2 3.3t poc2 ms 3
font Frequency of Event Couet 0 1 kHz

Notes

1 This parameter is characterized but not tested.

2 Slope measured at any point ogpvaveform.

3 tpoc is the programmeS8tartTime and pog, is the programmeBndTimein registes OBhand @h, Vpp > V+p, and kpey
satisfied.The StartTime hsa resolution of 25ms. The EndTime has a resolutioOmofk6

4  The /RST pin will drive low for thigengthof time after the internal reset circuit is activated due to a watchdog, loweplta
or manual reset event.

Data Retention (Vpp = 2.7V t03.6V)

Symbol Parameter Min Units Notes
Tor Data Retention
@ +5»°C 38 Years
@ +80C 19 Years
@ +85°C 10 Years
AC Test Conditions

Input Pulse Levels

10% and 90% of Yy

Input Rise and Fall imes 5ns
Input and Output Timing &vels 0.5Vpp
Output (SO) Load Gzacitance 30 pF

Diagram Notes
All timing parameters apply to both read and write cycles. Clock specifications aieaidémtread and write cycles. Write
timing parameters apply to egode word address, and write data bits. Functional relationshépiflistrated in the relevant data

sheet sections. These diagrams illustrate the timing parameters only.
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Serial Data Bus Timing
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Mechanical Drawing

14-pin SOIC (JEDEC Standard MS-012 variation AB)
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SOIC Package Marking Scheme
Legend:
EEENEREENEEEE XXXX= part number, P= package tyfs)
YXXOXXXXX- P LLLLLLL= lot code
LLLLLLL RIC=Ramtron Int'ICorp, YY=year, WW=work week
R C YYWV
O Example: FM3325@, “Green”SOICpackageyYear 2011 Work Week40
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Revision History

Revision Date Summary

0.1 6/28/2011 Initial release.

0.2 10/7/2011 Minor edits.

1.0 1/6/2012 Change to Preliminary status.

1.1 2/10/2012 Added timing parameter for oscillator startup.

3.0 7/18/2012 Added Vtp data and changedpmductionstatus
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