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512 x 8 Bit

Electrically Erasable PROM

TYPICAL FEATURES

e Internally Organized as Two Pages
—Each 256 x 8

® 2 Wire Serial Interface

® Provides Bidirectional Data Transfer
Protocol

¢ Eight Byte Page Write Mode
—Minimizes Total Write Time Per Byte

¢ Self Timed Write Cycle

—Typical Write Cycle Time of 5 ms

High Reliability

—Endurance: 100,000 Writes Per Byte

—Data Retention: 100 Years

¢ 8 Pin Mini-DIP and 14 Lead SOIC Packages

DESCRIPTION

The X2404 is a 4096 bit serial E2PROM, internally or-
ganized as two 256 x 8 pages. The X2404 is fabricated
with the same reliable N-channel floating gate MOS
technology used in all Xicor 5V programmable nonvola-
tile memories.

The X2404 features a serial interface and software pro-
tocol allowing operation on a two wire bus.

Xicor E2PROMs are designed and tested for applica-
tions requiring extended endurance and data retention.
Endurance is specified as 100,000 cycles per byte min-
imum and data retention is specified as 100 years mini-
mum. Refer to Xicor reliability reports RR-520 and
RR-515 for details of endurance and data retention
characteristics.

PIN CONFIGURATIONS PIN NAMES
— Ag to Ap Address Inputs
A [ 8] vec Ne =] ~ 14Ne \é'ss (S?-rou?g
DA erial Data
A, [: 2 7] rest Ao CH2 133 Vee SCL Serial Clock
X2404 mMEH3 X2404 12 TEST Test Input to Vgg
A []s 6] ] sct NeC 4 1RaNe Vee Supply Voltage
¥ s 10 scL
Vss 4 5 :| SDA Vss 16 oy spa
Ne =7 sfanc
0041-1
0041-19
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X2404, X24041

ABSOLUTE MAXIMUM RATINGS* *COMMENT

Temperature Under Bias Stresses above those listed under “Absolute Maximum Rat-
04 .. e —10°C to +85°C ings” may cause permanent damage to the device. This is a
X24041 ... ... —65°C to +135°C stress rating only and the functional operation of the device at
Storage Temperature .................... —65°C to +150°C these or any other conditions above those indicated in the op-
Voltage on any Pin with erational sections of this specification is not implied. Exposure
RespecttoVgg . ....oovvveniniinn., ~1.0Vto +7V to absolute maximum rating conditions for extended periods
DC. OutputCurrent...................coiiiiiin. .. 5mA may affect device reliability.
Lead Temperature
(Soldering, 10Seconds) .............coiiiinn.. 300°C

D.C. OPERATING CHARACTERISTICS
X2404 Tp = 0°Cto +70°C, Voc = +5V +£5%, unless otherwise specified.

X24041 Tp = —40°C to +85°C, Voo = +5V £10%, unless otherwise specified.
Symbol Parameter X2404 Limits X24041 Limits Units| Test Conditions
Min. |Typ.(1)| Max. |Min. |Typ.(1)| Max.
lcc Vcc Supply Current 20 30 20 35 mA |fgcL = 100 KHz
isB Ve Standby Current 15 25 15 30 mA
T} Input Leakage Current 0.1 10 0.1 10 rA [Viy = GNDto Ve
ILo Output Leakage Current 0.1 10 0.1 10 pA |Voutr = GNDto Ve
Itp(2  [Test Pin Pull Down Current 16 30 16 30 rA |VIN = Vo
ViL®  |input Low Voltage —-1.0 0.8 -1.0 0.8 \
ViH#  |input High Voltage 2.0 Vge +0.5| 20 Voo +1.0f V
VoL Output Low Voltage 0.4 0.4 V {loL = 3mA
ENDURANCE AND DATA RETENTION
Parameter Min. Max. Units Conditions
Endurance 100,000 Cycles/Byte Xicor Reliability Report RR-520
Data Retention 100 Years Xicor Reliability Report RR-515
CAPACITANCE Tp = 25°C,f = 1.0 MHz, Voo = 5V
Symbol Test Max. Units Conditions
Ci/o® input/Output Capacitance (SDA) 8 pF Viyo = OV
CiN® Input Capacitance (Ag, A1, Ap, SCL) 6 pF VIN = OV

Notes: (1) Typical values are for T4 = 25°C and nominal supply volitage.
(2) Test pin has on chip pull down device which sinks 16 pA (typical) to Vgs.
(3) This parameter is periodically sampled and not 100% tested.
(4) ViL min. and V)y max. are for reference only and are not tested.

2-34

Power ed by | Cnminer.com El ectronic-Library Service CopyRi ght 2003



X2404, X2404I

A.C. CONDITIONS OF TEST

SYMBOL TABLE

Input Pulse Levels 0V to 3.0V WAVEFORM INPUTS OUTPUTS
Input Rise and Must be Will be
Fall Times 10ns steady steady
Input and Output 1.5V May change Will change
Timing Levels ’ _ﬂ_ from Low to from Low to
1 TTL Gate and High High
Output Load C = 10a0e in May change Will change
L P _&_ from High to from High to
Low Low
Don't Care: Changing :
XXXXX Changes State Not
Allowed Known
Center Line
Impedance
A.C. CHARACTERISTICS
X2404 Tp = 0°Cto +70°C, Voo = +5V +5%, unless otherwise specified.
X24041 Tpo = —40°C to +85°C, Voo = +5V +10%, unless otherwise specified.
Read & Write Cycle Limits
Symbol Parameter Min. Max. Units
fscL SCL Clock Frequency 0 100 KHz
T Noise Suppression Time 100 ns
Constant at SCL, SDA Inputs
taa SCL Low to SDA Data Out 35 s
and ACK Out ' ’
tBUF Time the Bus Must be Free Before 47 s
a New Transmission Can Start : w
tHD:STA Start Condition Hold Time 4.0 s
tLow Clock Low Period 47 us
tHiGH Clock High Period 4.0 us
tsy:sTA Start Condition Setup Time 47 s
(for a Repeated Start Condition) ) w
tHD:DAT Data In Hold Time 0 us
tsu:DAT Data In Setup Time 250 ns
tR SDA and SCL Rise Time 1 ns
te SDA and SCL Fall Time 300 ns
tsy:sTO Stop Condition Setup Time 47 us
toH Data Out Hold Time 300 ns

2-35

Power ed by | Cnminer.com El ectronic-Library Service CopyRi ght 2003




X2404, X24041

Write Cycle Limits

The write cycle time is the time from a valid stop condi-
tion of a write sequence to the end of the internal
erase/program cycle. During the write cycle, the X2404
bus interface circuits are disabled, SDA is allowed to
remain high, and the device does not respond to its
slave address.

PIN DESCRIPTIONS

Serial Clock (SCL)

The SCL input is used to clock all data into and out of
the device.

Serial Data (SDA)

SDA is a bidirectional pin used to transfer data into and
out of the device. It is an open drain output and may be
wire-ORed with any number of open drain or open col-
lector outputs.

Address (Ag)
Ag is unused by the X2404, however, it must be tied to
Vgg to ensure proper device operation.

Symbol Parameter Min. Typ.(5) Max. Units
twr Write Cycle Time 5 10 ms
Address (A4, A2)

The Address inputs are used to set the least significant
two bits of the six bit slave address. The inputs are
static, and should be tied HIGH or LOW, forming one
unique address per device.

DEVICE OPERATION

The X2404 supports a bidirectional bus oriented proto-
col. The protocol defines any device that sends data
onto the bus as a transmitter, and the receiving device
as the receiver. The device controlling the transfer is a
master and the device being controlied is the slave.
The master will always initiate data transfers, and pro-
vide the clock for both transmit and receive operations.
Therefore, the X2404 will be considered a slave in all
applications.

Clock and Data Conventions

Data states on the SDA line can change only during
SCL LOW. SDA state changes during SCL HIGH are
reserved for indication start and stop conditions. Refer
to Figures 1 and 2.

Bus Timing
t R
— tuicH
i:‘l.ow -—’Lowi
SCL ‘\. _____
tsu:sTA t:STA tup:0aT = H tsu:paT tsu:smﬂ
SDA |
w L A - '
k_.‘ tan ¢_.1 ton taur
SDA \/ V.'.'.V.V’V."V‘V"‘V‘V.V’V‘ 4 K
(11 QaVAVAVAVAVAVAVAVAVAVAVAVAVAVAV L !
0041-3
Write Cycle Timing
sCL — — — — —
soa "7 y/— .
WORD n . -]
[ w
STOP START X2404
CONDITION CONDITION ADDRESS
0041-4

Note: (5) Typical values are for T4 = 25°C and nominal supply voitage.
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Figure 1: Data Validity
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Figure 2: Definition of Start and Stop
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Start Condition

All commands are preceded by the start condition,
which is a HIGH to LOW transition of SDA when SCL is
HIGH. The X2404 continuously monitors the SDA and
SCL lines for the start condition and will not respond to
any command until this condition has been met.

Stop Condition

All communications are terminated by a stop condition,
which is a LOW to HIGH transition of SDA when SCL is
HIGH.

Acknowledge

Acknowledge is a software convention used to indicate
successful data transfers. The transmitting device, ei-
ther master or slave, will release the bus after transmit-
ting eight bits. During the ninth clock cycle the receiver
will pull the SDA line LOW to acknowledge that it re-
ceived the eight bits of data. Refer to Figure 3.

The X2404 will always respond with an acknowledge
after recognition of a start condition and its slave ad-
dress. If both the device and a write operation have
been selected, the X2404 will respond with an ac-
knowledge after the receipt of each subsequent eight
bit word.
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Figure 3: Acknowledge Response from Receiver
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In the read mode the X2404 will transmit eight bits of
data, release the SDA line and monitor the line for an
acknowledge. If an acknowledge is detected and no
stop condition is generated by the master, the X2404
will continue to transmit data. If an acknowledge is not
detected, the X2404 will terminate further data trans-
missions and await the stop condition.

DEVICE ADDRESSING

Following a start condition the bus master must output
the address of the slave it is accessing. The most sig-
nificant four bits of the slave address are the device
type identifier (see Figure 4). For the X2404 this is fixed
as 1010[B].

Figure 4: Slave Address

DEVICE TYPE
IDENTIFIER
P e

T L T T L] T L]
[1 0 1 0 A2 A1 A0 R/W|
1 1 L L I 1
—_—
DEVICE
ADDRESS

PAGE
SELECT

0041-8

The next two significant bits address a particular de-
vice. A system could have up to four X2404 devices on
the bus (see Figure 10). The four addresses are de-
fined by the state of the Ay and A; inputs.

The next bit of the slave address field (bit 1) is the
page select bit. It is used by the host to toggle between
the two 256 word pages of memory.

The last bit of the slave address defines the operation
to be performed. When set to one a read operation
is selected; when set to zero a write operation is
selected.

Following the start condition, the X2404 monitors the
SDA bus comparing the slave address being transmit-
ted with its address (device type and state of Ay and
Az inputs). Upon a compare the X2404 outputs an ac-
knowledge on the SDA line. Depending on the state of
the R/W bit, the X2404 will execute a read or write
operation.

WRITE OPERATIONS

Byte Write

For a write operation, the X2404 requires a second ad-
dress field. This address field is the word address,
comprised of eight bits, providing access to any one of
the 256 words of memory. Upon receipt of the word
address the X2404 responds with an acknowledge and
awaits the next eight bits of data, again responding
with an acknowledge. The master then terminates the
transfer by generating a stop condition, at which time
the X2404 begins the internal write cycle to the nonvol-
atile memory. While the internal write cycle is in prog-
ress the X2404 inputs are disabled, and the device will
not respond to any requests from the master. Refer to
Figure 5 for the address, acknowledge and data trans-
fer sequence.
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Figure 5: Byte Write
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0041-9
Figure 6: Page Write
s
T S
BUS ACTIVITY: A SLAVE T
MASTER R ADDRESS WORD ADDRESS (n) DATA n DATA n +1 DATA n+7 g
T .
T L L TTrrrrrr T rTrT
soawmwe [ [1[T7],] i | [ |1
1l i ) IO S Y Y LA 1 L 1 1 | | I Y U . | | A1
A A A A o A
BUS ACTIVITY: c c c c c
X2404 K K K K 4
0041-10
NOTE: in this example n = XXXX X000(B); X = 1 or0
Page Write involves issuing the start condition followed by the

The X2404 is capable of an eight byte page write oper-
ation. It is initiated in the same manner as the byte
write operation, but instead of terminating the write
cycle after the first data word is transferred, the master
can transmit up to seven more words. After the receipt
of each word, the X2404 will respond with an
acknowledge.

After the receipt of each word, the three low order ad-
dress bits are internally incremented by one. The high
order five bits of the address remain constant. If the
master should transmit more than eight words prior to
generating the stop condition, the address counter will
“roll over” and the previously written data will be over-
written. As with the byte write operation, all inputs are
disabled until completion of the internal write cycle. Re-
fer to Figure 6 for the address, acknowledge and data
transfer sequence.

Acknowledge Polling

The disabling of the inputs can be used to take advan-
tage of the typical 5 ms write cycle time. Once the stop
condition is issued to indicate the end of the host's
write operation the X2404 initiates the internal write cy-
cle. ACK polling can be initiated immediately. This

slave address for a write operation. If the X2404 is still
busy with the write operation no ACK wilt be returned. if
the X2404 has completed the write operation an ACK
will be returned and the host can then proceed with the
next read or write operation.

READ OPERATIONS

Read operations are initiated in the same manner as
write operations with the exception that the R/W bit of
the slave address is set to a one. There are three basic
read operations: current address read, random read
and sequential read.

Current Address Read

Internally the X2404 contains an address counter that
maintains the address of the fast word accessed, incre-
mented by one. Therefore, if the last access (either a
read or write) was to address n, the next read opera-
tion would access data from address n+1. Upon re-
ceipt of the slave address with R/W set to one, the
X2404 issues an acknowledge and transmits the eight
bit word. The master does not acknowledge the trans-
fer but does generate a stop condition and the X2404
discontinues transmission. Refer to Figure 7 for the se-
quence of address, acknowledge and data transfer.
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Figure 7: Current Address Read
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Random Read

Random read operations allow the master to access
any memory location in a random manner. Prior to issu-
ing the slave address with the R/W bit set to one, the
master must first perform a “dummy” write operation.
The master issues the start condition, and the slave
address followed by the word address it is to read. Af-
ter the word address acknowledge, the master immedi-
ately reissues the start condition and the slave address
with the R/W bit set to one. This will be followed by an
acknowledge from the X2404 and then by the eight bit
word. The master does not acknowledge the transfer
but does generate a stop condition and the X2404 dis-
continues transmission. Refer to Figure 8 for the ad-
dress, acknowledge and data transfer sequence.

Sequential Read

Sequential reads can be initiated as either a current ad-
dress read or random access read. The first word is
transmitted as with the other read modes, however, the
master now responds with an acknowledge, indicating
it requires additional data. The X2404 continues to out-
put data for each acknowledge received. The read op-
eration is terminated by the master not responding with
an acknowledge and generating a stop condition.

Figure 8: Random Read

The data output is sequential, with the data from ad-
dress n followed by the data from n+ 1. The address
counter for read operations increments all eight ad-
dress bits, allowing the entire memory contents of the
current 256 word page to be serially read during one
operation. If more than 256 words are read, the counter
“rolls over’” and the X2404 continues to output data
from the same 256 word page for each acknowledge
received. Refer to Figure 9 for the address, acknowl-
edge and data transfer sequence.

ENDURANCE

Xicor E2PROMSs are designed and tested for applica-
tions requiring extended endurance. The process aver-
age for endurance of Xicor E2PROMs is approximately
1/, million cycles, as documented in RR504, the Xicor
Reliability Report on Endurance. Included in that report
is a method for determining the expected endurance of
the device based upon the specific application environ-
ment. RR504 and additional reliability reports are avail-
able from Xicor.
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Figure 9: Sequential Read
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Figure 10: Typical System Configuration
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Normalized Active

Supply Current

vs. Ambient Temperature

Normalized Standby Supply Current
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