intersil. X55060

PRELIMINARY Data Sheet March 28, 2005 FN8133.0

Dual Voltage Monitor with Integrated —In circuit programmable ROM mode
System Battery Switch and EEPROM * Minimize EEPROM programming time
—64 byte page write mode
FEATURES — Self-timed write cycle
L —b5ms write cycle time (typical)
’ Duql voIFage monltqung * 10MHz SPI interface modes (0,0 & 1,1)
+ Active high and active low reset outputs . 2.7V to 5.5V power supply operation
» Four standard reset threshold voltages . Available packages — 20-lead TSSOP
(4.6/2.9, 4.6/2.6, 2.9/1.6, 2.6/1.6)
—Us_er programmable thresholds DESCRIPTION
» Lowline Output — Zero delayed POR
+ Reset signal valid to Ve = 1V This device combines power-on reset control, battery
« System battery switch-over circuitry switch circuit, watchdog timer, supply voltage supervi-
« Long battery life with low power consumption sion, secondary voltage supervision, block lock protect
—<50pA max standby current, watchdog on and serial EEPROM in one package. This combination
—<30pA max standby current, watchdog off lowers system cost, reduces board space require-
 Selectable watchdog timer ments, and increases reliability.

;&)bﬁs ?éEpOR?)SMOﬁ) Applying power to the device activates the power-on
: Built |_ts_0 dvertent writ tecti reset circuit which holds RESET/RESET active for a
urtt-in inadvertent write protection period of time. This allows the power supply and oscilla-

—Power-up/power-down protection circuitry o
. tor to stabilize before the processor can execute code.
—Protect none(0), or all of EEPROM array with P

programmable Block Lock™ protection
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X55060

A system battery switch circuit compares V¢ (VIMON)
with Vgatt Input and connects Vgt to whichever is
higher. This provides voltage to external SRAM or other
circuits in the event of main power failure. The X55060
can drive 50mA from V¢ and 250pA from Vgatt. The
device switches to Vgatt When V¢ drops below the
low V¢ voltage threshold and Vgatt> Ve

The Watchdog Timer provides an independent protec-

supply or monitors a second power supply voltage to
provide a power fail warning. Intersil's unique circuits
allow the threshold for either voltage monitor to be
reprogrammed to meet special needs or to fine-tune the
threshold for applications requiring higher precision.

ORDERING INFORMATION

. X . . X55060
tion mechanism for microcontrollers. When the micro-
controller fails to restart a timer within a selectable Suffix Vtripl | Vtrip2 | Temp Range
time out interval, the device activates the WDO signal. V20-4.5A 0°C to 70°C
i 4.6 2.6
The user selects the !nterval from three preset values. V201-4.5A “20°C 10 85°C
Once selected, the interval does not change, even
after cycling the power. V20-4.5 46 9 0°Cto 70°C
The device’s low V¢ detection circuitry protects the Vv201-4.5 ~40°C 10 85°C
user’s system from low voltage conditions, resetting the V20-2.7A 0°Cto 70°C
. 2.9 1.65
system when V¢ (VIMON) falls below the minimum V20I-2.7A -40°C to 85°C
Vcc trip point (V1rp1)- RESET/RESET is asserted until V20-2.7 0°C to 70°C
Vcc returns to proper operating level and stabilizes. A : 2.6 1.65 . -
second voltage monitor circuit tracks the unregulated va0l-2.7 -40°C t0 85°C
PIN CONFIGURATION
20-Pin TSSOP
cswol [ ]1 20 [ Vee (VIMON)
NC[] 2 19 [ ] WDO
sol[]3 18 [ 1 RESET/MR
RESET | 4 17 |1 BATT-ON
[OWLINE [ 5 161 1 Vour
V2FAIL | 6 15 [ 1 Vgarr
v2MON [ 7 14 [ 1] sck
WP |8 13 1 NC
NC[]o 121 NC
vss[] 10 111 sl
FN8133.0
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X55060

PIN DESCRIPTION

Pin Name Function

1 CS/WDI | Chip Select Input. CS HIGH, deselects the device and the SO output pin is at a high impedance
state. Unless a nonvolatile write cycle is underway, the device will be in the standby power mode.
CS LOW enables the device, placing it in the active power mode. Prior to the start of any opera-
tion after power-up, a HIGH to LOW transition on CS is required.

Watchdog Input. A HIGH to LOW transition on the WDI pin restarts the Watchdog timer. The
absence of a HIGH to LOW transition within the watchdog time out period results in RESET/RESET

going active.
NC No internal connections
SO Serial Output. SO is a push/pull serial data output pin. A read cycle shifts data out on this pin. The
falling edge of the serial clock (SCK) clocks the data out.
4 RESET Reset Output. RESET is an active HIGH, open drain output which is the inverse of the RESET
output.

5 LOWLINE | Low Vc Detect. This open drain output signal goes LOW when V¢ < V1gp1 and
immediately goes HIGH when V¢ > Vigp1. This pin goes LOW 250ns before RESET pin.

6 V2FAIL V2 Voltage Fail Output. This open drain output goes LOW when V2MON is less than Vg ps
and goes HIGH when V2MON exceeds Vtgp,. There is no power-up reset delay circuitry on this
pin.

7 V2MON | V2 Voltage Monitor Input. When the V2MON input is less than the Vg p2 Voltage, V2FAIL goes

LOW. This input can monitor an unregulated power supply with an external resistor divider or can
monitor a second power supply with no external components. Connect V2MON to Vgg of Ve
when not used.

8 WP Write Protect. The WP pin works in conjunction with a nonvolatile WPEN bit to “lock” the setting
of the Watchdog Timer control and the memaory write protect bits.

9 NC No internal connections

10 Vss Ground

11 Sl Serial Input. Sl is a serial data input pin. Input all opcodes, byte addresses, and memory data on

this pin. The rising edge of the serial clock (SCK) latches the input data. Send all opcodes (Table 1),
addresses and data MSB first.

12 NC No internal connections
13 NC No internal connections
14 SCK Serial Clock. The Serial Clock controls the serial bus timing for data input and output. The rising

edge of SCK latches in the opcode, address, or data bits present on the Sl pin. The falling edge of
SCK changes the data output on the SO pin.

15 VBATT Battery Supply Voltage. This input provides a backup supply in the event of a failure of the pri-
mary V¢ voltage. The Vgt VOltage typically provides the supply voltage necessary to maintain
the contents of SRAM and also powers the internal logic to “stay awake.” If unused connect
VgatT tO ground.

3 intersil FN8133.0
~— March 28, 2005



X55060

PIN DESCRIPTION (CONTINUED)

Pin Name

Function

16 Vour

Output Voltage. Voyt = Ve if Vee > Viripr

IF VCC < VTRIPl’ then,

Vout = Vce if Vee > Vearr*0.03

Vout = VeatT if Vec < VparT-0.03

Note: There is hysteresis around Vgart £ 0.03V point to avoid oscillation at or near the
switchover voltage. A capacitance of 0.1puF must be connected to Vout to ensure stability.

17 BATT-ON

Battery On. This open drain output goes HIGH when the Vg1 switches to Vg1t and goes LOW
when Vg switches to V. It is used to drive an external PNP pass transistor when Ve = Voyut
and current requirements are greater than 50mA.

The purpose of this output is to drive an external transistor to get higher operating currents when
the V¢ supply is fully functional. In the event of a V¢ failure, the battery voltage is applied to
the Vgout pin and the external transistor is turned off. In this “backup condition,” the battery only
needs to supply enough voltage and current to keep SRAM devices from losing their data-there

is no communication at this time.

18 RESET

stabilizes.

Output/Manual Reset Input. This is an Input/Output pin.

/MR RESET Output. This is an active LOW, open drain output which goes active whenever V falls
below the minimum V¢ sense level. When RESET is active communication to the device is inter-
rupted. RESET remains active until V¢ rises above the minimum V¢ sense level for 150ms.
RESET also goes active on power-up and remains active for 150ms after the power supply

MR Input. This is an active LOW debounced input. When MR is active, the RESET/RESET pins
are asserted. When MR is released, the RESET/RESET remains asserted for tpyrst, and then re-

leased.
19 WDO Watchdog Output. WDO is an active low, open drain output which goes active whenever the
watchdog timer goes active. WDO remains active for 150ms, then returns to the inactive state.
20 Vee Supply Voltage/V1 Voltage Monitor Input. When the VIMON input is less than the VTRIP1
(VIMON) | voltage, RESET and RESET go ACTIVE.

PRINCIPLES OF OPERATION

Power-On Reset

Application of power to the X55060 activates a Power-
on Reset Circuit. This circuit goes active at about 1V
and pulls the RESET/RESET pin active. This signal
prevents the system microprocessor from starting to
operate with insufficient voltage or prior to stabilization
of the oscillator. When V¢ exceeds the device Vigp1
value for 150ms (nominal) the circuit releases
RESET/RESET, allowing the processor to begin exe-
cuting code.

Low V¢ (VIMON) Voltage Monitoring

During operation, the X55060 monitors the V¢ level
and asserts RESET/RESET if supply voltage falls
below a preset minimum V1gp1. During this time the
communication to the device is interrupted. The

RESET/RESET signal also prevents the microproces-
sor from operating in a power fail or brownout condi-
tion. The RESET signal remains active until the
voltage drops below 1V. These also remain active until
Vc returns and exceeds Virp1 for tpyrsT-

Low V2MON Voltage Monitoring

The X55060 also monitors a second voltage level and
asserts V2FAIL if the voltage falls below a preset mini-
mum V1gp2. The V2FAIL signal is either ORed with
RESET to prevent the microprocessor from operating
in a power fail or brownout condition or used to inter-
rupt the microprocessor with notification of an impend-
ing power failure. V2FAIL remains active until V2MON
returns and exceeds Vg po.

The V2MON voltage sensor is powered by Vgoyr. If
Ve and Vgart go away (i.e. Vout goes away), then
V2MON cannot be monitored.

4 intersil
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Figure 1. Two Uses of Dual Voltage Monitoring

Vour
X55060
Unregulated
5V
Suppl ]
upply Reg Vee RESET System
R1 v Reset
V2MON s
oA ystem
R2 v2 V2FAIL Interrupt

R1 and R2 selected so V2 = V2MON threshold when
Unregulated supply reaches 6V.

Watchdog Timer

The Watchdog Timer circuit monitors the microproces-
sor activity by monitoring the CS/WDI pin. The micro-
processor must toggle the CS/WDI pin HIGH to LOW
periodically prior to the expiration of the watchdog time
out period to prevent the WDO signal going active.
The state of two nonvolatile control bits in the Status
Register determines the watchdog timer period. The
microprocessor can change these watchdog bits by
writing to the status register. The factory default set-
ting disables the watchdog timer.

The Watchdog Timer oscillator stops when in battery
backup mode. It re-starts when V¢ returns.

System Battery Switch

As long as V¢ exceeds the low voltage detect thresh-
old Vtrip1, Vour is connected to V¢ through a 5Q
(typical) switch. When the V¢ has fallen below Vg p.
then V¢ is applied to Vout if Ve is equal to or
greater than Vgart + 0.03V. When V¢ drops to less
than Vgt - 0.03V, then Vgyt is connected to Vgatt
through an 80Q (typical) switch. Vgyt typically sup-
plies the system static RAM voltage, so the switchover
circuit operates to protect the contents of the static
RAM during a power failure. Typically, when V¢ has
failed, the SRAMs go into a lower power state and
draw much less current than in their active mode.
When V¢ returns, Vot switches back to V¢ when
Vc exceeds Vgt + 0.03V. There is a 60mV hyster-
esis around this battery switch threshold to prevent
oscillations between supplies.

Vout
X55060
Unregulated
Supply —¢{ >V Vee
Reg RESET
System

3.3V V2MON 5 Reset
Reg V2FAIL

Notice: No external components required to monitor
two voltages.

While V¢ is connected to Vgt the BATT-ON pin is
pulled LOW. The signal can drive an external PNP
transistor to provide additional current to the external
circuits during normal operation.

Operation

The device is in normal operation with V¢ as long as
Vce > Vrrip:r- It switches to the battery backup mode
when V¢ goes away.

Condition Mode of Operation

Vee > V1riP1 Normal Operation.

Normal Operation without battery
back up capability.

Vee > VripL &
Vearr =0

Battery Backup Mode; RESET
signal is asserted. No communica-
tion to the device is allowed.

0 <Vce Vrripa
and Vec < Vpart
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Manual Reset

By connecting a push-button from MR to ground or
driven by logic, the designer adds manual system reset
capability. The RESET/RESET pins are asserted when
the push-button is closed and remain asserted for tpyrsT
after the push-button is released. This pin is debounced
S0 a push-button connected directly to the device will
have both clean falling and rising edges on MR.

Ve (VIMON), V2MON Threshold Programming
Procedure

The X55060 is shipped with standard Vcc (VIMON)
and V2MON threshold (Virip1, VTrip2) VOltages.
These values will not change over normal operating
and storage conditions. However, in applications where
the standard thresholds are not exactly right, or if higher
precision is needed in the threshold value, the X55060
trip points may be adjusted. The procedure is described
below, and uses the application of a high voltage con-
trol signal.

Setting the Vrp Voltage

This procedure is used to set the Vtgp1 Or V1R|p2 10 @
lower or higher voltage value. It is necessary to reset
the trip point before setting the new value to a lower
level.

To set the new voltage, apply the desired Vigip1
threshold voltage to the V¢ pin or the Virps Voltage
to the V2MON pin (when setting V1r|p2, Vcc should
be same voltage as V2MON). Next, tie the WP pin to

Figure 2. Example System Connection

Unregulated 5V

the programming voltage Vp. Then, send the WREN
command and write to address 01h or to address OBh
to program ViR p1 Or V1Rr|p2, respectively (followed by
data byte 00h). The CS going high after a valid write
operation initiates the programming sequence. Bring
WP LOW to complete the operation.

To check if the Vtripx has been set, apply a voltage
higher than Vgpx to the VXMON (x = 1, 2) pin. Dec-
rement VXMON in small steps and observe where the
output switches. The voltage at which this occurs is
the VTRlPX (aCtual).

CASE A

If the Virpx (actual) is lower than the Vigrpx
(desired), then add the difference between Virpx
(desired) and Vtripx (actual) to the original Virpx
(desired). This is your new V1R px Voltage that should
be applied to VXMON and the whole sequence
repeated again (see Fig 6).

CASE B

If the Virpx (actual) is higher than the Vigpx
(desired), perform the reset sequence as described in
the next section. The new Vg px Voltage to be applied
to VXMON will now be: Virpx (desired) - (V1ripx
(desired) - V1ripx (actual)).

Note: This operation will not alter the contents of the
EEPROM.

PNP transistor
or P-channel FET

Supply Reg % "
Vee
BATT-ON >
w SRAM
Vout
VeatT Vour
Address
V2MON Decode
+ V2FAIL t Enable
NMIAddr
Vee
RESET RESET
CS, SCK plspl HC
SI, SO
Vss
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Resetting the Vtrp Voltage

To reset Virp1, apply greater than 3V to V¢
(VIMON). To reset Virip2, apply greater than 3V to
both Ve and V2MON. Next, tie the WP pin to the
programming voltage Vp. Then send the WREN
command and write to address 03h or ODh to reset the
V1rip1 OF VTrip2 respectively (followed by data byte

Figure 3. Set Vtrpx Level Sequence

00h). The CS going LOW to HIGH after a valid write
operation initiates the programming sequence. Bring
WP LOW to complete the operation.

Note: This operation does not change the contents of
the EEPROM array.

Vp = 10-15V \\

012345867

SCK

Sl

01234567 891D

20 21 22 23

~——— 16 Bits

/\ [\ /[

06h 02h
WREN WRITE

Figure 4. Reset V1rpx Level Sequence

0001h/000Bh 00h
ADDRESS DATA

Addr 01h: Set VTR|P1
Addr 0Bh: Set VTR|P2

Vp = 10-15V \\

012345¢6717

SCK

Sl

01234567 891

20 21 22 23

—— 16 Bits

[\ /[

06h 02h

WREN WRITE

0003h/000Dh 00h
ADDRESS DATA

Addr 03h: Reset VTR|P1
Addr ODh: Reset VTRIPZ

7 | _intersil
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Figure 5. Sample Vg p Circuit

4.7K
— i c cc
Z [ fdust SO  RESET
V1rIP T WP SCK SCK
Adj. Run Vss Sl Sl
SO
cs
Figure 6. V1g;p Programming Sequence Flow Chart
C V1ripx Programming ) Vx = VxMON
Note: X =1, 2

Let: MDE = Maximum Desired Error

Desired

V1RIPX <
Present Value? MDE* —
Acceptable
Desired Value —

Error Range
Execute MDE- ——
V1ripx Reset Sequence

v Error = Actual - Desired
— > Set

VX = desired VTRlPX

v

Execute New Vy applied =
Set Higher Viz,px Sequence Old Vy applied - | Error |

I i

Apply Ve and Voltage Execute Reset Vgipx
> Desired Vygipx t0 Vy Sequence

o ¢ A

Decrease Vv

v

Output Switches?

New Vy applied =
Old V applied + | Error |

Error < MDE~

Actual V1ripx -
Desired VTRIPX

Error > MDE*

l|Error|<|MDE|

( DONE )

8 intersil FN8133.0
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SPI SERIAL MEMORY

The memory portion of the device is a CMOS Serial
EEPROM array with Intersil’s block lock protection. The
array is internally organized as x 8. The device features
a Serial Peripheral Interface (SPI) and software proto-
col allowing operation on a simple four-wire bus.

The device utilizes Intersil's proprietary Direct Write ™
cell, providing a minimum endurance of 100,000
cycles and a minimum data retention of 100 years.

The device is designed to interface directly with the
synchronous Serial Peripheral Interface (SPI) of many
popular microcontroller families. It contains an 8-bit
instruction register that is accessed via the Sl input,
with data being clocked in on the rising edge of SCK.
CS must be LOW during the entire operation.

All instructions (Table 1), addresses and data are
transferred MSB first. Data input on the SI line is
latched on the first rising edge of SCK after CS goes
LOW. Data is output on the SO line by the falling edge
of SCK. SCK is static, allowing the user to stop the
clock and then start it again to resume operations
where left off.

Table 1. Instruction Set

Write Enable Latch

The device contains a Write Enable Latch. This latch
must be SET before a Write Operation is initiated. The
WREN instruction sets the latch and the WRDI instruc-
tion resets the latch (Figure 9). This latch is automati-
cally reset upon a power-up condition and after the
completion of a valid Write Cycle.

Status Register

The RDSR instruction provides access to the Status
Register. The Status Register may be read at any
time, even during a Write Cycle. The Status Register
is formatted as follows:

7 6 5 4 3 2 1 0

WPEN | WD1 | WDO | PUP | BL1 | BLO | WEL | WIP

The Write-In-Progress (WIP) bit is a volatile, read only
bit and indicates whether the device is busy with an
internal nonvolatile write operation. The WIP bit is read
using the RDSR instruction. When set to a “1”, a non-
volatile write operation is in progress. When set to a
“0”, no write is in progress.

Instruction Name | Instruction Format* Operation
WREN 0000 0110 Set the Write Enable Latch (Enable Write Operations)
WRDI 0000 0100 Reset the Write Enable Latch
RSDR 0000 0101 Read Status Register
WRSR 0000 0001 Write Status Register (Watchdog, block lock, WPEN)
READ 0000 0011 Read Data from Memory Array Beginning at Selected Address
WRITE 0000 0010 Write Data to Memory Array Beginning at Selected Address

Note:

Table 2. Block Protect Matrix

*Instructions are shown MSB in leftmost position. Instructions are transferred MSB first.

WREN CMD | Status Register | Device Pin Block Block Status Register
_ WPEN, BLO, BL1,
WEL WPEN WP Protected Block | Unprotected Block PUP, WDO, WD1
0 X X Protected Protected Protected
1 1 0 Protected Writable Protected
1 0 X Protected Writable Writable
1 X 1 Protected Writable Writable
9 intersil FN8133.0
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The Write Enable Latch (WEL) bit indicates the Status
of the Write Enable Latch. When WEL = 1, the latch is
set HIGH and when WEL = 0 the latch is reset LOW.
The WEL bit is a volatile, read only bit. It can be set by
the WREN instruction and can be reset by the WRDS
instruction.

The block lock bits, BLO and BL1, set the level of block
lock protection. These nonvolatile bits are pro-
grammed using the WRSR instruction and allow the
user to protect one quarter, one half, all or none of the
EEPROM array. Any portion of the array that is block
lock protected can be read but not written. It will
remain protected until the BL bits are altered to disable
block lock protection of that portion of memory.

Status Register Bits | Array Addresses Protected

BL1 BLO X55060

None (factory setting)

None

None

Rl O|O

RO | O

0000h—1FFFh (All)

The power-on reset time (tpyrsT) bit, PUP sets the
initial power or reset time. There are two standard
settings.

PUP Time
0 150 milliseconds (factory settings)
1 800 milliseconds

Figure 7. Read EEPROM Array Sequence

s )

The Watchdog Timer bits, WD0 and WD1, select the
Watchdog Time-out Period. These nonvolatile bits are
programmed with the WRSR instruction.

Status Register Bits Watchdog Time Out
WD1 WDO (Typical)
0 0 800 milliseconds
0 1 400 milliseconds
1 0 150 milliseconds
1 1 disabled (factory setting)

The nonvolatile WPEN bit is programmed using the
WRSR instruction. This bit works in conjunction with
the WP pin to provide an In-Circuit Programmable
ROM function (Table 2). WP tied to Vgg and WPEN bit
programmed HIGH disables all Status Register Write
Operations.

Note 1. Watchdog timer is shipped disabled.
2. The tprg time is set to 150ms at the factory.

In Circuit Programmable ROM Mode

This mechanism protects the block lock and Watchdog
bits from inadvertent corruption.

In the locked state (Programmable ROM Mode) the
WP pin is LOW and the nonvolatile bit WPEN is “1”.
This mode disables nonvolatile writes to the device’s
Status Register.

Setting the WP pin LOW while WPEN is a “1” while an
internal write cycle to the Status Register is in progress
will not stop this write operation, but the operation dis-
ables subsequent write attempts to the Status Register.

20 21 22 23 24 25 26 27 28 29 30

Instruction 16 Bit Address
: 4 220000 188888 Es;
. y Data Out
< High Impedance /; eaeeaao
MSB

10 | intersil
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When WP is HIGH, all functions, including nonvolatile
writes to the Status Register operate normally. Setting
the WPEN bit in the Status Register to “0” blocks the
WP pin function, allowing writes to the Status Register
when WP is HIGH or LOW. Setting the WPEN bit to
“1” while the WP pin is LOW activates the Programma-
ble ROM mode, thus requiring a change in the WP pin
prior to subsequent Status Register changes. This
allows manufacturing to install the device in a system
with WP pin grounded and still be able to program the
Status Register. Manufacturing can then load Configu-
ration data, manufacturing time and other parameters
into the EEPROM, then set the portion of memory to
be protected by setting the block lock bits, and finally
set the “OTP mode” by setting the WPEN bit. Data
changes to protected areas of the device now require
a hardware change.

Read Sequence

When reading from the EEPROM memory array, CS is
first pulled low to select the device. The 8-bit READ
instruction is transmitted to the device, followed by the
16-bit address. After the READ opcode and address
are sent, the data stored in the memory at the selected
address is shifted out on the SO line. The data stored in
memory at the next address can be read sequentially
by continuing to provide clock pulses. The address is
automatically incremented to the next higher address
after each byte of data is shifted out. The read operation
is terminated by taking CS high. Refer to the Read
EEPROM Array Sequence (Figure 7).

To read the Status Register, the CS line is first pulled
low to select the device followed by the 8-bit RDSR
instruction. After the RDSR opcode is sent, the contents
of the Status Register are shifted out on the SO line.
Refer to the Read Status Register Sequence (Figure 8).
Refer to the Serial Output Timing on page 18.

Write Sequence

Prior to any attempt to write data into the device, the
“Write Enable” Latch (WEL) must first be set by issu-
ing the WREN instruction (Figure 9). CS is first taken
LOW, then the WREN instruction is clocked into the
device. After all eight bits of the instruction are trans-
mitted, CS must then be taken HIGH. If the user con-
tinues the Write Operation without taking CS HIGH
after issuing the WREN instruction, the Write Opera-
tion will be ignored.

To write data to the EEPROM memory array, the user
then issues the WRITE instruction followed by the 16
bit address and then the data to be written. Any
unused address bits are specified to be “0’s”. The
WRITE operation minimally takes 32 clocks. CS must
go low and remain low for the duration of the opera-
tion. If the address counter reaches the end of a page
and the clock continues, the counter will roll back to
the first address of the page and overwrite any data
that may have been previously written.

For the Page Write Operation (byte or page write) to
be completed, CS can only be brought HIGH after bit 0
of the last data byte to be written is clocked in. If it is
brought HIGH at any other time, the write operation
will not be completed (Figure 10).

To write to the Status Register, the WRSR instruction
is followed by the data to be written (Figure 11).

While the write is in progress following a Status Regis-
ter or EEPROM Sequence, the Status Register may
be read to check the WIP bit. During this time the WIP
bit will be high. Refer to Serial Input timing on page 17.

OPERATIONAL NOTES
The device powers-up in the following state:

— The device is in the low power standby state.

— A HIGH to LOW transition on CS is required to enter
an active state and receive an instruction.

— SO pin is high impedance.
— The Write Enable Latch is reset.
— Reset Signal is active for tpyrsT-

Data Protection

The following circuitry has been included to prevent

inadvertent writes:

— A WREN instruction must be issued to set the Write
Enable Latch.

— A valid write command and address must be sent to
the device.

— CS must come HIGH after a multiple of 8 data bits in
order to start a nonvolatile write cycle.

11 | intersil
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Figure 8. Read Status Register Sequence

s\ /

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

SCK
Instruction
: AV VS S e s Ees:
Data Out
S0 High Impedance /'7 eeaeaoa
MSB

Figure 9. Write Enable Latch Sequence

High Impedance
so g P!

12 intersil FN8133.0
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Figure 10. Write Sequence

Cs

0 1 2 3 4 5 6 7 8 9 10 20 21 22 23 24 25 26 27 28 29 30 31
SCK

16 Bit Address Data Byte 1

s X OO O00.00 000060600,
cs yan

32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

see (LU L A

Data Byte 2 Data Byte 3 Data Byte N
st XZXEXE XAX3X2XIX KT XEX 5 XA X3 X2 XX =L 8 X5 X4 X3X2X1X9)

Figure 11. Status Register Write Sequence

Instruction

—

CS
9 10 11 12 13 14 15
SCK
Instruction Data Byte
S
S0 High Impedance
Symbol Table
WAVEFORM INPUTS OUTPUTS

Must be Will be
steady steady

May change Will change
from LOW from LOW
to HIGH to HIGH

May change Will change
_“_ from HIGH from HIGH
to LOW

to LOW

Don't Care: Changing:
Changes State Not
Allowed Known

N/A Center Line
is High
Impedance
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X55060

ABSOLUTE MAXIMUM RATINGS

Temperature under bias ................... -65°Cto+135°C
Storage temperature ...........ccceeeeeeens -65°Cto +150°C
Voltage on any pin with

respectto Vgg .ovvvvveniiiiiinc i, -1.0Vto +7V
D.C. output current

(all output pins except Vo) o vverervireniieennn 5mA
D.C. Output CUITeNt Vo vveveevivriiiieiiiiiinee e 50mA
Lead temperature (soldering, 10 seconds)........ 300°C

RECOMMENDED OPERATING CONDITIONS

COMMENT

Stresses above those listed under “Absolute Maximum
Ratings” may cause permanent damage to the device.
This is a stress rating only; the functional operation of the
device (at these or any other conditions above those
listed in the operational sections of this specification) is
not implied. Exposure to absolute maximum rating condi-
tions for extended periods may affect device reliability.

Temperature Min. Max.
Commercial 0°C 70°C
Industrial -40°C +85°C

D.C. OPERATING CHARACTERISTICS

(Over recommended operating conditions unless otherwise specified. (V¢ = 2.7V to 5.5V))

Limits
Symbol Parameter Min. Typ.® | Max. |Unit Test Conditions
lcci® | Vee Supply Current (Active) mMA | SCK=Vcex0.1/Vee X
(Excludes lgy7) Read Memory array 1.5 0.9 @ 10MHz
(Excludes Igy1) Write nonvolatile Memory 3.0
lcco® | Vee Supply Current (Passive) WA | CS =Vcc, Any Input =
(Excludes Ioy1) WDT on, 5V 50.0 90.0 Vss or Ve, Vour,
RESET, RESET,
(Excludes lgyt) WDT on, 2.7V 40.0 60.0 LOWLINE = Open
(Excludes Io7) WDT off, 5V 30.0 50.0 -op
lccs® | Vee Current (Battery Backup Mode) 1 MA | Vee =2V, Vgatr =
(EXC'UdeS IOUT) 28V, VOUT’ RESET =
Open
IBAT-Sl(s)(Y VBATT Current (EXCIUdeS lOUT) 1 |JA VOUT = VBI
IBATT2(7) VBATT Current (EXCIUdeS lOUT) (Battery 0.4 1.0 HA VOUT = VBATT'
Backup Mode) VeaTtT = 2.8V
Vour, RESET = Open
VOUT1(7) Output Voltage (VCC > VBATT +0.03V or VCC - 0.05 VCC-0.0Z V IOUT =-5mA
VCC > VTRlPl) VCC -05 VCC-O.Z V IOUT =-50mA
VOUT2(7) Output Voltage (VCC < VBATT -0.03V and VBATT -0.2 \% |OUT = 'ZSOH.A
Vce < Vrripy) {Battery Backup} Y,
Volg | Output (BATT-ON) LOW Voltage 0.4 V | lo. = 3.0mA (5V)
loL = 1.0mA (3V)
VBsH Battery Switch Hysteresis 30 mV | Power-up
(Ve < Vrrip1) -30 mV | Power-down
RESET/RESET/LOWLINE/WDO
Vrip1® | Ve Reset Trip Point Voltage 45 4.62 4.75 V | -4.5A and -4.5 versions
2.85 3.0 V | -2.7A version
2.55 2.75 V | -2.7 version
Volr | Output (RESET, RESET, LOWLINE, 0.4 V | loL = 3.0mA (5V)
WDO) LOW Voltage loL = 1.0mA (3V)
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X55060

D.C. OPERATING CHARACTERISTICS (CONTINUED)
(Over recommended operating conditions unless otherwise specified. (V¢ = 2.7V to 5.5V))

Limits
Symbol Parameter Min. ‘ Typ.® ‘ Max. | Unit Test Conditions
Second Supply Monitor
V1rip2® | V2MON Reset Trip Point Voltage 2.85 3.0 V | -4.5 version
2.55 2.7 \% -4.5A version
1.6 1.7 V | -2.7A and -2.7 version
VoLx | Output (V2FAIL) LOW Voltage 0.4 V | loL =3.0mA (5V)
loL = 1.0mA (3V)
SPI Interface
Vi@ | Input (CS, SI, SCK, WP) LOW Voltage -0.5 Vee x0.3| V
Vi@ | Input (CS, SI, SCK, WP) HIGH Voltage Ve X0.7 Vec+05| V
ILix Input Leakage Current (CS, SI, SCK,WP) +10 PA
VoLs | Output (SO) LOW Voltage 0.4 V | loL =3.0mA (5V)
loL = 1.0mA (3V)
VoHs Output (SO) HIGH Voltage Vout - 0.8 V lopy =-1.0mA (5V)

Notes: (1) The device enters the Active state after any start, and remains active until 9 clock cycles later if the Device Select Bits in the Slave

Address Byte are incorrect; 200ns after a stop ending a read operation; or ty,c after a stop ending a write operation.

(2) The device goes into Standby: 200ns after any Stop, except those that initiate a high voltage write cycle; t,c after a stop that initiates a
high voltage cycle; or 9 clock cycles after any start that is not followed by the correct Device Select Bits in the Slave Address Byte.

(3) Negative number indicate charging current, Positive numbers indicate discharge current.

(4) V,_min. and V| max. are for reference only and are not tested.

(5) Vcc =5V at25°C.

(6) Vtrip1 and Vigripo are programmable. See page 22 and 23 for programming specifications and pages 6, 7 and 8 for programming pro-
cedure. For custom programmed levels, contact factory.

(7) Based on characterization data.

CAPACITANCE Tp = +25°C, f = 1MHz, V¢ = 5V

Symbol Test Max. | Unit | Conditions
Cout® | Output Capacitance (SO, RESET, V2FAIL, RESET, LOWLINE, BATT-ON,WDO) | 8 pF | Vour =0V
Cin® | Input Capacitance (SCK, SlI, CS, WP) 6 pF Viy =0V

Note: (1) This parameter is periodically sampled and not 100% tested.

15 intersil FN8133.0
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EQUIVALENT A.C. LOAD CIRCUIT AT 5V V¢ A.C. TEST CONDITIONS
Input pulse levels Ve X0.1t0 Ve x 0.9
Vour Vour : :
Input rise and fall times 10ns
» 06K 1.53kQ Input and output timing level | Ve x0.5
RESET/RESET
SO BATT-ON/LOWLINE/
V2FAIL, WDO
3.03kQ 30pF 30pF

A.C. CHARACTERISTICS (Over recommended operating conditions, unless otherwise specified)

Serial Input Timing

Ve = 2.7-5.5V

Symbol Parameter Min. Max. Unit

fsck Clock Frequency 10 MHz
tcye Cycle Time 100 ns
t EAD CS Lead Time 50 ns
tLAG CS Lag Time 200 ns
twH Clock HIGH Time 40 ns
twi Clock LOW Time 40 ns
tsu Data Setup Time 10 ns
ty Data Hold Time 10 ns
tr/® Input Rise Time 20 ns
tr 3 Input Fall Time 20 ns
tes CS Deselect Time 50 ns
twc™@ Write Cycle Time 10 ms

16 intersil FN8133.0
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Serial Input Timing

tcs —

SCK

High Impedance

SO

Serial Output Timing

2.7-5.5V
Symbol Parameter Min. Max. Unit
fsck Clock Frequency 10 MHz
tois Output Disable Time 50 ns
ty Output Valid from Clock Low 40 ns
tho Output Hold Time 0 ns
tro® Output Rise Time 25 ns
tro® Output Fall Time 25 ns

Notes: (3) This parameter is periodically sampled and not 100% tested.

(4) tyc is the time from the rising edge of CS after a valid write sequence has been sent to the end of the self-timed internal nonvolatile

write cycle.
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Serial Output Timing

CS

e—— teye ——> twH — < tiac

>

tpis

ty

SO 4( MSB Out MSB-1 Out X X LSB Out

S| ADDR \ \ \ \
LSB IN /

N

Power-Up and Power-Down Timing

Vee

RESET

Vour

RESET

BATT-ON
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Ve to LOWLINE Timings

Vee VTRIPL V1RrIP
trpD
oV ~ RN t
tr trRPD
Von — |-

LOWLINE Voo b | |

VTRIPL
VBATT

V2MON to V2FAIL Timings

V
V2MON TRIP2
ov tRPD2
] > trRPD2 tr
tr — > |-
- — — - Vour
V2FAIL
RESET/RESET/LOWLINE Output Timing
Symbol Parameter Min. | Typ.® | Max. | Unit
tpURST RESET/RESET Time-out Period
PUP =0 75 150 250 ms
PUP =1 500 800 1200
trpp™® V1rip1 to RESET/RESET (Power-down only) Vigpq to LOWLINE 10 20 Hs
tRPDZ(l) VTR|P2 to V2FAIL 10 20 us
LR LOWLINE to RESET/RESET delay (Power-down only) 100 2504) 800 ns
te@ Vcc/V2MON Fall Time 1000 Us
tg@ Vcc/V2MON Rise Time 1000 us
VRVALID Reset Valid VCC 1 \Y
tVBl VBATT + 0.03 vto BATT-ON (|Ogica| 0) 20(4) us
tVBZ VBATT -0.03 vto BATT-ON (|Ogica| 1) 20(4) us
Notes: (1) This parameter is not 100% tested.
(2) This measurement is from 10% to 90% of the supply voltage.
(3) Ve =5V at 25°C.
(4) Based on characterization data only.
FN8133.0
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CS/WDI vs. WDO Timing

CS/WDI

WDO

RESET/RESET Output Timing

Symbol Parameter Min. Typ.® Max. Unit
twpo Watchdog Time Out Period,
WwD1=1, WD0=0 75 150 250 ms
WD1 =0, WD0 =1 200 400 600 ms
WD1 =0, WD0 =0 500 8001 1200 ms
test CS Pulse Width to Reset the Watchdog 400 ns
trsT Reset Time Out 75 150 250 ms

Notes: (1) Ve =5V at 25°C.
(2) Based on characterization data only.

V1rip Set/Reset Conditions

VTRIPX
Vee/V2MON

< tTSU tTHD —Pp

t
l¢— typs VPH (4>

t
— Pcsq < typo
Cs 8 ICt\Nc—P
clocks
|

. | |
sl N [ ]]\ on.
06h 02h *0001h Set V1gp1 * all others reserved
* 0003h Set VTR|P2

X=1,2 * 000Bh Reset V1gp1
* 000Dh Reset VTR|P2
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V1rip1: V1riP2 Programming Specifications V¢ = 2.7-5.5V; Temperature = 25°C

Parameter Description Min. | Max. | Unit
typs WP Vg px Program Voltage Setup time 10 us
typH WP Vg px Program Voltage Hold time 10 ps
trsu V1ripx Level Setup time 10 ps
trHD Vtripx Level Hold (stable) time 10 ms
twe V1ripx Write Cycle Time 10 ms
typo WP Vg px Program Voltage Off time before next cycle 1 ms
Vp Programming Voltage 10 15 Y

VTRAN Vrripx Programed Voltage Range 25 | 50 \
Vi V1ripx Program variation after programming (0—75°C). (Programmed at 25°C ac- | -25 | +25 mV
cording to the procedure defined on pages 6, 7 and 8.)

Vrripx Programming parameters are periodically sampled and are not 100% tested.

FN8133.0
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PACKAGING INFORMATION

20-Lead Plastic, TSSOP, Package Type V

—»‘ ’« .025 (.65) BSC

iA. 51

169 (4.3)
177 (4.5)

.252 (6.4) BSC

SENELE

.193 (4.9)

200 (5.1)
1
i T
.0075 (.19) 4.1 L 002(05)

.0118 (.30) .006 (.15)

I .010 (.25)
— Gage Plane

0°-8° Seating Plane

N ‘ ‘ 019 (.50)

—
.029 (.75)
Detail A (20X)
A .031 (.80)
J\. /_L {041 (1.05)
See Detail “ A—/

NOTE: ALL DIMENSIONS IN INCHES (IN PARENTHESES IN MILLIMETERS)

22 intersil FN8133.0
~— March 28, 2005



X55060

Part Mark Information

X55060 W — V20 =20-Lead TSSOP

YYww X
T
Date
Code
Part V1riP1 VTRIP2 Operating
Mark Range Range Temperature Range Part Number
Blank 4.5-4.75V 2.55-2.7v 0°C-70°C X55060V20-4.5A
I -40°C-85°C X55060V20I1-4.5A
AL 4.5-4.75V 2.85-3.0vV 0°C-70°C X55060V20-4.5
AM -40°C-85°C X55060Vv20I1-4.5
F 2.85-3.0vV 1.6-1.7V 0°C-70°C X55060V20-2.7A
G -40°C-85°C X55060V20I1-2.7A
AN 2.55-2.75V 1.6-1.7vV 0°C-70°C X55060V20-2.7
AP -40°C-85°C X55060V20I-2.7

All Intersil U.S. products are manufactured, assembled and tested utilizing ISO9000 quality systems.
Intersil Corporation’s quality certifications can be viewed at www.intersil.com/design/quality

Intersil products are sold by description only. Intersil Corporation reserves the right to make changes in circuit design, software and/or specifications at any time without
notice. Accordingly, the reader is cautioned to verify that data sheets are current before placing orders. Information furnished by Intersil is believed to be accurate and
reliable. However, no responsibility is assumed by Intersil or its subsidiaries for its use; nor for any infringements of patents or other rights of third parties which may result
from its use. No license is granted by implication or otherwise under any patent or patent rights of Intersil or its subsidiaries.

For information regarding Intersil Corporation and its products, see www.intersil.com
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