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Features

0 Real-Time Clock counts seconds
through years in BCD format

0 On-chip battery-backup switchover
circuit with nonvolatile control for
external SRAM

[0 Less than 500nA of clock opera-
tion current in backup mode

0 Microprocessor reset valid to
Vce =Vss

0 Independent watchdog timer
with a programmable time-out
period

0 Power-fail interrupt warning

0 Programmable clock alarm inter-
rupt active in battery-backup
mode

O Programmable periodic interrupt

0 Battery-low warning

0g4845/bg4845Y

General Description

The bq4845 Real-Time Clock is a
low-power microprocessor periph-
eral that integrates a time-of-day
clock, a 100-year calendar, and a
CPU supervisor in a 28-pin SOIC or
DIP. The bg4845 is ideal for fax ma-
chines, copiers, industrial control
systems, point-of-sale terminals,
data loggers, and computers.

The bg4845 provides direct connec-
tions for a 32.768KHz quartz crystal
and a 3V backup battery. Through
the use of the conditional chip en-
able output (CEouT) and battery
voltage output (VouT) pins, the
bg4845 can write-protect and make
nonvolatile external SRAMs. The
backup cell powers the real-time
clock and maintains SRAM infor-
mation in the absence of system
voltage.

The bg4845 contains a temperature-
compensated reference and comparator
circuit that monitors the status of its
voltage supply. When the bg4845 de-

Parallel RTC With CPU Supervisor

tects an out-of-tolerance condition, it
generates an interrupt warning and
subsequently a microprocessor reset.
The reset stays active for 200ms after
Vcc rises within tolerance, to allow for
power supply and processor stabiliza-
tion.

The bg4845 also has a built-in
watchdog timer to monitor processor
operation. If the microprocessor does
not toggle the watchdog input (WDI)
within the programmed time-out pe-
riod, the bg4845 asserts WDO and
RST. WDI unconnected disables the
watchdog timer.

The bg4845 can generate other in-
terrupts based on a clock alarm con-
dition or a periodic setting. The
alarm interrupt can be set to occur
from once per second to once per
month. The alarm can be made active
in the battery-backup mode to serve
as a system wake-up call. For inter-
rupts at a rate beyond once per sec-
ond, the periodic interrupt can be pro-
grammed with periods of 30.5us to
500ms.

Pin Connections

N\

Voutr O 1 28 1 Vce
X, O 2 27 0 WE
X2 [ 3 26 [1 CE

wbpo [ 4 25 [0 CEout

INT O 5 24 0 BC

RST [ 6 23 [0 wbI
Az O 7 22 0 OE
A, O 8 21 @ cCs
A1 9 20 [ Vss
Ao [ 10 19 [ DQy

DQo O 11 18 [0 DQg

DQ; O 12 17 0 DQs
DQ, O 13 16 [1 DQ4
Vss O 14 15 1 DQ3
28-DIP or SOIC
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Pin Names

Ao-Az Clock/control address
inputs

DQo-DQ; Data inputs/outputs

WE Write enable

OE Output enable

[ Chip select input

CEn External RAM chip
enable

CEout Conditional RAM chip
enable

X1-X2 Crystal inputs

BC Backup battery input
Vout Back-up battery output
INT Interrupt output

RST Microprocessor reset
WDI Watchdog input

WDO Watchdog output

Vce +5V supply

Vss Ground
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Functional Description power-on reset tir_ning, watchdog timer activation, and
interrupt generation.

Figure 1 is a block diagram of the bq4845. The follow-

ing sections describe the bg4845 functional operation

including clock interface, data-retention modes,

Xt ————¥  Time-
Base <8 <64 i64
X2 <«—— | Oscilator

I bivdy bl

4
16 1 1 MUX
Control/Status Glock/Calendar Interru T
) pt
>
Registers Update Generator INT

o

\L Watchdog WwDo

[Transition Detector|
Clock/Calendar and
. User Buffer
Alarm Registers (16 bytes) i
[———RST
Power-Fail
Control, Battery N
Switchover and VOUT
BP Bus Reset Circuits o
F———
Interface CEOUT
I I I WDl CE |y Vec BC
C8 OE WE Ay-Ag DQy-DQ, BD-280

Figure 1. Block Diagram

Truth Table
Vee S OE WE | CEoutr | Vout Mode DQ Power
< Vcc (max.) VIH X X CEiNn | Vourt: | Deselect | HighZ Standby
ViL X ViL CEiN | Vourt | Write Din Active
> Vee (min.) ViL ViL Vin CEiN | Vour Read Dout Active
ViL ViH ViH CENn | Vour: Read High Z Active
<Vpep (Min.) >Vso X X X VoH VouTt: | Deselect | High Z CMOS standby
< Vso X X X Vons | Vourtz | Deselect | High Z | Battery-backup mode
Aug. 1995
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Pin Descriptions

X1-X2

RST

INT

WDI

WDO

Ao-A3
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Crystal inputs

X1-X2 are a direct connection for a
32.768kHZ, 6pF crystal.

Reset output

RST goes low whenever Vcc falls below the
power fail threshold. RST will remain low for
200ms typical after Vcc crosses the threshold
on power-up. RST also goes low whenever a
watchdog timeout occurs. RST is an open-
drain output.

Interrupt output

INT goes low when a power fail, periodic, or
alarm condition occurs. INT is an open-drain
output.

Watchdog input

WDI is a three-level input. If WDI remains
either high or low for longer than the
watchdog time-out period (1.5 seconds de-
fault), WDO goes low. WDO remains low
until the next transition at WDI. Leaving
WDI unconnected disables the watchdog
function. WDI connects to an internal volt-
age divider between Vout and Vss, which
sets it to mid-supply when left uncon-
nected.

Watchdog output

WDO goes low if WDI remains either high
or low longer than the watchdog time-out
period. WDO returns high on the next tran-
sition at WDI. WDO remains high if WDI is
unconnected.

Clock address inputs

Ao—A3z allow access to the 16 bytes of real-
time clock and control registers.

DQo-DQ7 Data input and output

CEout

CEin

BC

Vout

Vce

DQo—DQy7 provide x8 data for real-time clock
information. These pins connect to the mem-
ory data bus.

Ground
Chip select
Output enable

OE provides the read control for the RTC
memory locations.

Chip enable output

CEour goes low only when CEy is low and
Vcc is above the power fail threshold. If
CEn is low, and power fail occurs, CEout
stays low for 100us or until CEn goes high,
whichever occurs first.

Chip enable input

CEn is the input to the chip-enable gating
circuit.

Backup battery input

BC should be connected to a 3V backup
cell. A voltage within the Vgc range on the
BC pin should be present upon power up to
provide proper oscillator start-up.

Output supply voltage

VouTt provides the higher of Vcc or Vagc,
switched internally, to supply external
RAM.

Write enable

WE provides the write control for the RTC
memory locations.

Input supply voltage
+5V input
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Address Map

The bg4845 provides 16 bytes of clock and control status
registers. Table 1 is a map of the bg4845 registers, and
Table 2 describes the register bits.

Clock Memory Interface

The bg4845 has the same interface for clock/calendar
and control information as standard SRAM. To read and
write to these locations, the user must put the bg4845 in
the proper mode and meet the timing requirements.

Read Mode

The bg4845 is in read mode whenever OE (Output en-
able) is low and CS (chip select) is low. The unique ad-
dress, specified by the 4 address inputs, defines which
one of the 16 clock/calendar bytes is to be accessed. The
bg4845 makes valid data available at the data 1/0 pins
within taa (address access time). This occurs after the
last address input signal is stable, and providing the CS
and OE (output enable) access times are met. If the CS
and OE access times are not met, valid data is available
after the latter of chip select access time (tacs) or output
enable access time (tog).

CS and OE control the state of the eight three-state
data 1/0 signals. If the outputs are activated before taa,

Table 1. bq4845 Clock and Control Register Map

Ad-
dress 12-Hour
(h) D7 D6 D5 D4 D3 D2 D1 DO Range (h) Register
0 0 10-second digit 1-second digit 00-59 Seconds
ALMO | .
1 ALM1 . 1-second digit 00-59 Seconds alarm
10-second digit
2 0 10-minute digit 1-minute digit 00-59 Minutes
ALMO | . . :
3 ALM1 - . 1-minute digit 00-59 Minutes alarm
10-minute digit
4 PM/AM 0 10-hour digit 1-hour digit 01-12 AM/ 81-92 PM | Hours
ALM1
5 ALMO | 10-hour digit 1-hour digit 01-12 AM/ 81-92 PM |Hours alarm
PM/AM

6 0 0 10-day digit 1-day digit 01-31 Day

7 ALM1 | ALMO 10-day digit 1-day digit 01-31 Day alarm

8 0 0 0 Day-of-week digit 01-07 Day-of-week

9 0 0 ‘ 0 ‘ 10 mo. 1-month digit 01-12 Month

A 10-year digit 1-year digit 00-99 Year
Programmable

B * wD2 | WD1 | WDO | RS3 | RS2 RS1 | RSO rates

C * * AIE PIE |PWRIE |ABE Interrupt en-
ables

D * * AF PF PWRF | BVF Flags

E * * UTI | STOP | 24/12 |DSE Control

F * * ‘ * ‘ * * * * * Unused

Notes: * = Unused bits; unwritable and read as 0.

0 = should be set to 0 for valid time/calendar range.
Clock calendar data in BCD. Automatic leap year adjustment.

PM/AM = 1 for PM; PM/AM = 0 for AM.

DSE = 1 enables daylight savings adjustment.
24/12 = 1 enables 24-hour data representation; 24/12 = 0 enables 12-hour data representation.
Day-of-Week coded as Sunday = 1 through Saturday = 7.

BVF =1 for valid battery.

STOP =1 turns the RTC on; STOP = 0 stops the RTC in back-up mode.

Aug. 1995
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Table 2. Clock and Control Register Bits

Bits Description
24112 24- or 12-hour representation
ABE Alarm interrupt enable in

battery-backup mode
AF Alarm interrupt flag
AIE Alarm interrupt enable
ALMO-ALM1 | Alarm mask bits
BVF Battery-valid flag
DSE Daylight savings time enable
PF Periodic interrupt flag
PIE Periodic interrupt enable
PM/AM PM or AM indication
PWRF Power-fail interrupt flag
PWRIE Power-fail interrupt enable
RS0-RS3 Periodic interrupt rate
STOP Oscillator stop and start
UTI Update transfer inhibit
WDO - WD2 Watchdog time-out rate

the data lines are driven to an indeterminate state until
taa. If the address inputs are changed while CS and OE
remain low, output data remains valid for ton (output
data hold time), but goes indeterminate until the next
address access.

Write Mode

The bg4845 is in write mode whenever WE and CS are
active. The start of a write_is referenced from the
latter-occurring falling edge of WE or CS. A write is ter-
minated by the earlier rising edge of WE or CS. The ad-
dresses must be held valid throughout the cycle. CS or
WE must return high for a minimum of twrz from CS or
twr1 from WE prior to the initiation of another read or
write cycle.

Data-in must be valid tpw prior to the end of write and
remain valid for tpn1 or tpH2 afterward. OE should be
kept high during write cycles to avoid bus contention; al-
though, if the output bus has been activated by a low on
CS and OE, a low on WE disables the outputs twz after
WE falls.
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Reading the Clock

Once every second, the user-accessible clock/calendar lo-
cations are updated simultaneously from the internal
real time counters. To prevent reading data in transi-
tion, updates to the bg4845 clock registers should be
halted. Updating is halted by setting the update trans-
fer inhibit (UTI) bit D3 of the control register E. As long
as the UTI bit is 1, updates to user-accessible clock loca-
tions are inhibited. Once the frozen clock information is
retrieved by reading the appropriate clock memory loca-
tions, the UTI bit should be reset to 0 in order to allow
updates to occur from the internal counters. Because
the internal counters are not halted by setting the UTI
bit, reading the clock locations has no effect on clock ac-
curacy. Once the UTI bit is reset to 0, the internal regis-
ters update within one second the user-accessible regis-
ters with the correct time. A halt command issued dur-
ing a clock update allows the update to occur before
freezing the data.

Setting the Clock

The UTI bit must also be used to set the bg4845 clock.
Once set, the locations can be written with the desired
information in BCD format. Resetting the UTI bit to 0
causes the written values to be transferred to the inter-
nal clock counters and allows updates to the user-
accessible registers to resume within one second.

Stopping and Starting the Clock Oscillator

The bg4845 clock can be programmed to turn off when
the part goes into battery back-up mode by setting
STOP to O prior to power down. If the board using the
bq4845 is to spend a significant period of time in stor-
age, the STOP bit can be used to preserve some battery
capacity. STOP set to 1 keeps the clock running when
Vcc drops below Vso. With Ve greater than Vso, the
bq4845 clock runs regardless of the state of STOP.

Power-Down/Power-Up Cycle

The bg4845 continuously monitors Vcc for out-of-
tolerance. During a power failure, when Vcc falls below
Vpep, the bq4845 write-protects the clock and storage
registers. When Vcc is below Vgc (3V typical), the
power source is switched to BC. RTC operation and
storage data are sustained by a valid backup energy
source. When Vcc is above Vpc, the power source is
Vcc. Write-protection continues for tcsr time after Vcc
rises above Vprp.

An external CMOS static RAM is battery-backed using
the Vout and chip enable output pins from the bg4845.
As the voltage input Vcc slews down during a power
failure, the chip enable output, CEour, is forced inactive
independent of the chip enable input CEn.
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This activity unconditionally write-protects the external
SRAM as Vcc falls below Vpep. If @ memory access is in
progress to the external SRAM during power-fail detec-
tion, that memory cycle continues to completion before
the memory is write-protected. If the memory cycle is
not terminated within time twper, the chip enable output
is unconditionally driven high, write-protecting the con-
trolled SRAM.

As the supply continues to fall past Vprp, an internal
switching device forces Vourt to the external backup en-
ergy source. CEour is held high by the VouTt energy
source.

During power-up, Vour is switched back to the 5V sup-
ply as Vcc rises above the backup cell input voltage
sourcing Vout. CEour is held inactive for time tcer af-
ter the power supply has reached Vprp, independent of
the CEn input, to allow for processor stabilization.

During power-valid operation, the CEy input is passed
through to the CEouT output with a propagation delay of
less than 12ns.

Figure 2 shows the hardware hookup for the external

A primary backup energy source input is provided on
the bg4845. The BC input accepts a 3V primary battery,
typically some type of lithium chemistry. Since the
bq4845 provides for reverse battery charging protection,
no diode or current limiting resistor is needed in series
with the cell. To prevent battery drain when there is no
valid data to retain, Vout and CEout are internally iso-
lated from BC by the initial connection of a battery. Fol-
lowing the first application of Vcc above Vpep, this iso-
lation is broken, and the backup cell provides power to
VouT and CEour for the external SRAM.

The crystal should be located as close to X1 and X2 as
possible and meet the specifications in the Crystal
Specification Table. With the specified crystal, the
bg4845 RTC will be accurate to within one minute per
month at room temperature. In the absence of a crystal,
a 32.768 kHz waveform can be fed into X1 with X2
grounded.

Power-On Reset

The bg4845 provides a power-on reset, which pulls the
RST pin low on power-down and remains low on power-
up for trst after Vcc passes Vprp. With valid battery
voltage on BC, RST remains valid for Vcc= Vss.

RAM, battery, and crystal.
+5V
Vee RST

To uP
Address Bs ——— P Ay - A WDO
Data Bus 4———————PDQ,- DQ, INT cMos
X1 SRAM
bq4845 l:l 32768 KHz
Crystal
From Address cs X2 62256L
Decode Logic V.
v cc
ouT
CE
N Address Bus —— P Ay~ Ay
Data Bus ¢——P D, - Dy
] CE, cE .
From P our OE WR
1/0 Line wol o l
— OE Read/Write
__ Control
WR From uP
I o
3v
Lithium
Cell J; =
BD-289

Figure 2. bq4845 Application Circuit

Aug. 1995
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Watchdog Timer

The watchdog monitors microprocessor activity through
the Watchdog input (WDI). To use the watchdog func-
tion, connect WDI to a bus line or a microprocessor 1/0
line. If WDI remains high or low for longer than the
watchdog time-out period (1.5 seconds default), the
bq4845 asserts WDO and RST.

Watchdog Input

The bq4845 resets the watchdog timer if a change of
state (high to low, low to high, or a minimum 100ns
pulse) occurs at the Watchdog input (WDI) during the
watchdog period. The watchdog time-out is set by WDO-
WD?2 in register B. The bg4845 maintains the watchdog
time-out programming through power cycles. The de-
fault state (no valid battery power) of WDO-WD?2 is 000
or 1.5s on power-up. Table 3 shows the programmable
watchdog time-out rates. The watchdog time-out period
immediately after a reset is equal to the programmed
watchdog time-out.

To disable the watchdog function, leave WDI floating. An
internal resistor network (100kQ equivalent impedance

at WDI) biases WDI to approximately 1.6V. Internal
comparators detect this level and disable the watchdog
timer. When Vcc is below the power-fail threshold, the
bq4845 disables the watchdog function and disconnects
WDI from its internal resistor network, thus making it
high impedance.

Watchdog Output

The Watchdog output (WDO) remains high if there is a
transition or pulse at WDI during the watchdog time-
out period. The bg4845 disables the watchdog function
and WDO is a logic high when Vcc is below the power
fail threshold, battery-backup mode is enabled, or WDI
is an open circuit. In watchdog mode, if no transition oc-
curs at WDI during the watchdog time-out period, the
bg4845 asserts RST for the reset time-out period ti.
WDO goes low and remains low until the next transition
at WDI. If WDI is held high or low indefinitely, RST will
generate pulses (t; seconds wide) every t3 seconds. Fig-
ure 3 shows the watchdog timing.

WDI

WDO

RST

A

t1 — Reset Timeout Period = t2 ¢ 1/6

t 2 = Normal Watchdog Timeout Period = defined by WDO—WD2
t3 = Watchdog Timeout Period Immediately After Reset —to

BD-28%

Figure 3. Watchdog Time-out Period and Reset Active Time

Aug. 1995
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Interrupts

The bg4845 allows three individually selected interrupt
events to generate an interrupt request on the INT pin.
These three interrupt events are:

= The periodic interrupt, programmable to occur once
every 30.5us to 500ms

= The alarm interrupt, programmable to occur once per
second to once per month

= The power-fail interrupt, which can be enabled to be
asserted when the bg4845 detects a power failure

The periodic, alarm, and power-fail interrupts are en-
abled by an individual interrupt-enable bit in register C,
the interrupts register. When an event occurs, its event
flag bit in the flags register, register D, is set. If the cor-
responding event enable bit is also set, then an interrupt
request is generated. Reading the flags register clears
all flag bits and makes INT high impedance. To reset
the flag register, the bq4845 addresses must be held sta-
ble at register D for at least 50ns to avoid inadvertent
resets.

Periodic Interrupt

Bits RS3—-RS0 in the interrupts register program the
rate for the periodic interrupt. The user can interpret
the interrupt in two ways: either by polling the flags
register for PF assertion or by setting PIE so that INT
goes active when the bq4845 sets the periodic flag.
Reading the flags register resets the PF bit and returns
INT to the high-impedance state. Table 4 shows the pe-
riodic rates.

Alarm Interrupt

Registers 1, 3, 5, and 7 program the real-time clock
alarm. During each update cycle, the bq4845 compares
the date, hours, minutes, and seconds in the clock regis-

ters with the corresponding alarm registers. If a match
between all the corresponding bytes is found, the alarm
flag AF in the flags register is set. If the alarm inter-
rupt is enabled with AIE, an interrupt request is gener-
ated on INT. The alarm condition is cleared by a read to
the flags register. ALM1 — ALMO in the alarm registers,
mask each alarm compare byte. An alarm byte is
masked by setting ALM1 (D7) and ALMO (D6) to 1.
Alarm byte masking can be used to select the frequency
of the alarm interrupt, according to Table 5.

The alarm interrupt can be made active while the
bg4845 is in the battery-backup mode by setting ABE in
the interrupts register. Normally, the INT pin goes
high-impedance during battery backup. With ABE set,
however, INT is driven low if an alarm condition occurs
and the AIE bit is set. Because the AIE bit is reset dur-
ing power-on reset, an alarm generated during power-on
reset updates only the flags register. The user can read
the flags register during boot-up to determine if an
alarm was generated during power-on reset.

Power-Fail Interrupt

When Vcc falls to the power-fail-detect point, the
power-fail flag PWRF is set. If the power-fail interrupt
enable bit (PWRIE) is also set, then INT is asserted low.
The power-fail interrupt occurs twpt before the bg4845
generates a reset and deselects. The PWRIE bit is
cleared on power-up.

Battery-Low Warning

The bg4845 checks the battery on power-up. When the
battery voltage is approximately 2.1V, the battery-valid
flag BVF in the flags register is set to a 0 indicating that
clock and RAM data may be invalid.

Table 3. Watchdog Time-out Rates

Normal Watchdog Reset Time-out

WD2 WD1 WDO Time-out Period (t 2_t3) Period (t 1)

0 0 0 1.5s 0.25s

0 0 1 23.4375ms 3.9063ms

0 1 0 46.875ms 7.8125ms

0 1 1 93.75ms 15.625ms

1 0 0 187.5ms 31.25ms

1 0 1 375ms 62.5ms

1 1 0 750ms 125ms

1 1 1 3s 0.5s
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Table 4. Periodic Interrupt Rates

Register B Bits Periodic Interrupt
RS3 RS2 RS1 RSO Period Units
0 0 0 0 None
0 0 0 1 30.5175 us
0 0 1 0 61.035 us
0 0 1 1 122.070 us
0 1 0 0 244.141 us
0 1 0 1 488.281 us
0 1 1 0 976.5625 us
0 1 1 1 1.95315 ms
1 0 0 0 3.90625 ms
1 0 0 1 7.8125 ms
1 0 1 0 15.625 ms
1 0 1 1 31.25 ms
1 1 0 0 62.5 ms
1 1 0 1 125 ms
1 1 1 0 250 ms
1 1 1 1 500 ms
Table 5. Alarm Frequency (Alarm Bits D6 and D7 of Alarm Registers)
1h 3h 5h 7h
ALM1<ALMO | ALM1<ALMO | ALM1<ALMO | ALM1<ALMO Alarm Frequency
1 1 1 1 Once per second
0 1 1 1 Once per minute when seconds match
0 0 1 1 Once per hour when minutes, and seconds match
0 0 0 1 Once per day when hours, minutes, and seconds match
0 0 0 0 When date, hours, minutes, and seconds match
Aug. 1995
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Absolute Maximum Ratings

Symbol Parameter Value Unit Conditions
Vce DC voltage applied on Vcc relative to Vss -0.3t0 7.0 \Y%
Vi rDe(I:a\t/i(z/I;at%e\ZZp”ed on any pin excluding Vcc 031070 v Vr<Vee+03
TopPr Operating temperature 0to+70 < Commercial
-40 to +85 °C Industrial
Tste Storage temperature -55 to +125 °C
Teias Temperature under bias -40 to +85 °C
TsoLber | Soldering temperature +260 °C For 10 seconds
Note:

Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation
should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to con-
ditions beyond the operational limits for extended periods of time may affect device reliability.

Recommended DC Operating Conditions  (Ta=TopR)
Symbol Parameter Minimum Typical Maximum Unit Notes
Vee Supply voltage 4.5 5.0 55 \Y bq4845Y
4.75 5.0 55 \Y bq4845

Vss Supply voltage 0 0 0 \%

ViL Input low voltage -0.3 - 0.8 \Y

ViH Input high voltage 2.2 - Vcc +0.3 \%

VBc Backup cell voltage 2.3 - 4.0 \Y
Note: Typical values indicate operation at Ta = 25°C.

Aug. 1995
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DC Electrical Characteristics

(TA =TOPR, VCCmin <VCC < VCCmax)

Symbol Parameter Minimum___ Typical flaximum Unit Conditions/Notes
I Input leakage current - - +1 HA Vin = Vss to Vee
§=V|H OI’EZVH or WE
ILo Output leakage current - - +1 LA = VL
VoH Output high voltage 2.4 - - \Y lon =-2.0 mA
Vour Vou. BC Supply Vpc- 0.3 - - Vv Vec > Vce, lon = -10uA
VoL Output low voltage - - 0.4 Vv loL =4.0 mA
X Min. cycle, duty = 100%,
Icc Operating supply current - 12 25 mMA | GS = ViL, lyo = OmA
Ise1 Standby supply current - 3 - mA | CS=Viy
CS>Vcc-0.2V,
IsB2 Standby supply current - 15 - mA | 0V <Vins< 0.2V,
or Vin = Vee - 0.2V
Vso Supply switch-over voltage - Vie - Vv
. Vgc = 3V, Ta = 25°C, no load
lcce Battery operation current - 0.3 0.5 HA on Vout or CEouT
Voo Power-fail-detect voltage 4.55 4.62 4.75 Vv bq4845
Power-fail-detect voltage 4.30 4.37 4.5 Vv bq4845Y
VouT1 Vour Voltage Vcc - 0.3V - - \Y% lout = 100mA, Vcc > Viee
VouT?2 VouTt Voltage Vgc - 0.3V - - Vv louT = 100uA, Vcce < Vee
VRsT RST output voltage - - 0.4V - IrsT = 4MA
VINT INT output voltage - - 0.4V - IinT = 4MA
Vwbo WDO output voltage : : 0.4V . Isink = 4mA
2.4 - - - Isource = 2mA
lwpiL Watchdog input low current -50 -10 - HA 0 < Vwpi < 0.8V
lwpIH Watchdog input high current - 20 50 HA 2.2 <Vwpi < Vcc
Notes: Typical values indicate operation at Ta = 25°C, Vcc = 5V.
RST and INT are open-drain outputs.
Crystal Specifications  (pT-26 or Equivalent)
Symbol Parameter Minimum Typical Maximum Unit
fo Oscillation frequency - 32.768 - kHz
CL Load capacitance - 6 - pF
Tp Temperature turnover point 20 25 30 °C
k Parabolic curvature constant - - -0.042 ppm/°C
Quality factor 40,000 70,000 -
R1 Series resistance - - 45 KQ
Co Shunt capacitance - 1.1 1.8 pF
Co/C1 Capacitance ratio - 430 600
DL Drive level - - 1 W
ANflfo Aging (first year at 25°C) - 1 - ppm
Aug. 1995
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Capacitance (1a =25°c, F = 1MHz, Vcc = 5.0V)

Symbol Parameter Minimum Typical Maximum Unit Conditions
Cio Input/output capacitance - - 7 pF Output voltage = 0V
CiNn Input capacitance - - 5 pF Input voltage = 0V
Note: These parameters are sampled and not 100% tested.

AC Test Conditions
Parameter Test Conditions
Input pulse levels 0V to 3.0V
Input rise and fall times 5ns

Input and output timing reference levels

1.5 V (unless otherwise specified)

Output load (including scope and jig)

See Figures 4 and 5

+5V

962()

O

Dour

510Q —— 100pF

OL-24

+5V

962()

Doyr ©

5100 —— BpF

OL-25

Figure 4. Output Load A

Figure 5. Output Load B
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Read Cycle (ta= Topr,vcemin < Vec < Vecmax)

Symbol Parameter Min. Max. Unit Conditions
trc Read cycle time 70 - ns
taa Address access time - 70 ns Output load A
tacs Chip select access time - 70 ns Output load A
toe Output enable to output valid - 35 ns Output load A
tcLz Chip select to output in low Z 5 - ns Output load B
toLz Output enable to output in low Z 0 - ns Output load B
tcHz Chip deselect to output in high Z 0 25 ns Output load B
toHz Output disable to output in high Z 0 25 ns Output load B
toH Output hold from address change 10 - ns Output load A
Write Cycle (Ta=Topr, vcemin < Ve < Vecmax)
Symbol Parameter Min.  Max. |Unit Conditions
twc Write cycle time 70 - ns
tcw Chip select to end of write 65 - ns (1)
taw Address valid to end of write 65 - ns (1)
i Measured from address valid to beginning
tas Address setup time 0 - NS | of write. (2)
. . Measured from beginning of write to end of
twp Write pulse width 55 - NS | write. (1)
) ) ) Measured from WE going high to end of
twr1 Write recovery time (write cycle 1) 5 - NS | write cycle. (3)
) . . Measured from CS going high to end of
twr2 Write recovery time (write cycle 2) 15 - NS | write cycle. (3)
. . Measured to first low-to-high transition of
tow Data valid to end of write 30 - NS | sither CS or WE.
. . Measured from WE going high to end of
toH1 Data hold time (write cycle 1) 0 - NS | write cycle. (4)
) ) Measured from CS going high to end of
toH2 Data hold time (write cycle 2) 10 - NS | write cycle. (4)
twz Write enabled to output in high Z 0 25 ns 1/0O pins are in output state. (5)
tow Output active from end of write 0 - ns 1/0O pins are in output state. (5)

Notes: 1. A write ends at the earlier transition of CS going high and WE going high.

2. Awrite occurs during the overlap of a low CS and a low WE. A write begins at the later transition
of CS going low and WE going low.

3. Either twr1 or twr2 must be met.
4. Either tpH1 or tpH2 must be met.

5. If CS goes low simultaneously with WE going low or after WE going low, the outputs remain in
high-impedance state.
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Read Cycle No. 1 (Address Access) 1.2
tre .
Address X J<
taa »
ton
Dout Previous Data Valid Data Valid
RC-1
1,3,4
Read Cycle No. 2 (CS Access)
. tre »
CS —\
N
tacs tonz
«toz
D
out High-Z /] High-Z
RGC-368
Read Cycle No. 3 (OE Access) L5
trc »
Address X g{
taa
= \ /
tog —— tonz
“toLz
D Data Valid
out High-Z ata Vel High-Z
RC-3
Notes: 1. WE is held high for a read cycle.
2. Device is continuously selected: CS = OE = V).
3. Address is valid prior to or coincident with CS transition low.
4. OE= VL.
5. Device is continuously selected: CS = V.
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Write Cycle No. 1 (WE-Controlled) %3
twe )l
Address ><
taw twri
tow

cs N j

_ Lﬁ tAS —» tWP

WE

AN BN /

tpw ———>¢— tpm
Din Data-in Valid

Lﬁth — Lﬁ tow —
Pour XXX '
out Data Undefined (2) High-Z

WC-12
Write Cycle No. 2 (CS-Controlled) 1.2,3,4,5
twe »
Address ><
taw <+— twrz
—tas tew
cs A
twp
WE X A
tow «—tpHz
Din Data-in Valid
\ﬁ twz
Daur K X XX, '
ouT Data Undefined (2) High-Z
- o wWc-13
Notes: 1. CSor WE must be high during address transition.

2. Because 1/0O may be active (OE low) during this period, data input signals of opposite polarity to the
outputs must not be applied.

3. If OE is high, the I/O pins remain in a state of high impedance.
4. Either twr1 or twr2 must be met.

5. Either tpHi1 or tpH2 must be met.
Aug. 1995
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Power-Down/Power-Up Timing  (Ta = Topr)
Symbol Parameter Minimum  Typical aximum Unit Conditions
tr Vcc slew from 4.75 to 300 - - us
4.25V
trs Vcc slew from 4.25 to Vso 10 - - us
Vcc slew from Vso to
R VPFED(MAX) 100 } ) Ms
trr Interrupt delay from 6 - 24 us
VerD
. . Delay after Vcc slews down past
twpT Write-protect time for 90 100 125 us | Vpep before SRAM is write-protected
external RAM and RST activated.
— Internal write-protection period af-
tcsr CS at V after power-up 100 200 300 MS | ter Ve passes Vprp on power-up.
trsT Vpep to RST inactive tcsr - tcsr ms | Reset active time-out period
Time during which external SRAM
tcer Chip enable recovery tcsr - tcsr ms | is write-protected after Vcc passes
time VpED ON power-up.
Chip enable propagation
tcep delay to external SRAM - 9 12 ns | Output load A
Caution: Negative undershoots below the absolute maximum rating of -0.3V in battery-backup mode

may affect data integrity.

Power-Down/Power-Up Timing

tr
VPEDIMAX)
Verp
Vec
\"
s0
“— tcer
cs
—tcer
CE
N
| /
\
= t
CE tcep CED
ouT — VoHB —
/]
RST e tger
N
INT

Notes:

N

High-Z

PWRIE set to “1” to enable power fail interrupt.
RST and INT are open drain and require an external pull-up resistor.

PD-22
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28-Pin DIP (P)

0o 5 28-Pin DIP (P)
; i Dimension Minimum Maximum
{ i A 0.160 0.190
4 T Al 0.015 0.040
{ i B 0.015 0.022
q ; B1 0.045 0.065
d i c 0.008 0.013
q i D 1.440 1.480
- E 0.600 0.625
E1 0.530 0.570
. e 0.600 0.670
ﬁ ﬂ I ﬂ“r‘B' G 0.090 0.110
L. mod o L s 0.070 0.090

All dimensions are in inches.
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28-Pin SOIC (S)

-0 i 28-Pin SOIC (S)
— — Dimension Minimum Maximum
— - 4L L: A 0.095 0.105
= — ir B f Al 0.004 0.012
- — e D B 0.013 0.020
= i C 0.008 0.013
— = D 0.700 0.715
— i E 0.290 0.305
= = e 0.045 0.055
H 0.395 0.415
~— E L 0.020 0.040

H — All dimensions are in inches.
F A
} ) } O 004
L
Aug. 1995
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Ordering Information

bq4845 -

—L Temperature Range:
Blank = Commercial
N = Industrial

Package Option:
P = 28-pin plastic DIP (0.600)
S = 28-pin SOIC (0.300)

—Voltage Tolerance:
Blank = 5%
Y =10%

L Device:
bq4845 Real-Time Clock With CPU Supervisor

Aug. 1995
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Qty Eco Plan Lead/Ball Finish  MSL Peak Temp Op Temp (°C)  Top-Side Markings Samples
) Drawing &) ® @

BQ4845P-A4 ACTIVE PDIP N 28 13 Pb-Free A42 SN N / A for Pkg Type Oto 70 4845pP m
(RoHS) -A4

BQ4845S-A4 ACTIVE SoIC DW 28 20 Green (RoHS  CU NIPDAU  Level-1-260C-UNLIM 0to 70 4845S m
& no Sh/Br) -Ad

BQ4845S-A4G4 ACTIVE SoIc DW 28 20 Green (RoHS  CU NIPDAU  Level-1-260C-UNLIM 0to 70 4845S m
& no Sh/Br) -Ad

BQ4845S-A4N ACTIVE SoIC DW 28 20 Green (RoHS  CU NIPDAU  Level-1-260C-UNLIM -40t0 85  4845S-N m
& no Sh/Br) -Ad

BQ4845S-AANG4 ACTIVE SoIC DW 28 20 Green (RoHS  CU NIPDAU  Level-1-260C-UNLIM -40t0 85  4845S-N m
& no Sh/Br) -Ad

BQ4845S-A4ANTR ACTIVE SoIC DW 28 1000 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM 4845S-N m
& no Sh/Br) -Ad

BQ4845S-AANTRG4 ACTIVE SoIC DW 28 1000 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM 4845S-N m
& no Sh/Br) -Ad

BQ4845S-A4TR ACTIVE SoIC DwW 28 1000 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM 0to 70 4845S m
& no Sh/Br) -Ad

BQ4845S-A4TRG4 ACTIVE SoIC DwW 28 TBD Call Tl Call Tl 0to 70 m

BQ4845YS-A4 ACTIVE SoIC DW 28 20 Green (RoHS  CU NIPDAU  Level-1-260C-UNLIM 0to 70 4845YS m
& no Sh/Br) -Ad

BQ4845YS-A4G4 ACTIVE SoIC DW 28 20 Green (RoHS  CU NIPDAU  Level-1-260C-UNLIM 0to 70 4845YS m
& no Sh/Br) -Ad

BQ4845YS-A4N ACTIVE SoIC DW 28 20 Green (RoHS  CU NIPDAU  Level-1-260C-UNLIM -40t0 85  4845YS-N m
& no Sh/Br) -Ad

BQ4845YS-A4NG4 ACTIVE SoIC DW 28 TBD Call Tl Call Tl -40 to 85 m

BQ4845YS-AANTR ACTIVE SoIC DwW 28 1000 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM 4845YS-N m
& no Sh/Br) -Ad

BQ4845YS-AANTRG4 ACTIVE SOoIC DwW 28 1000 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM 4845YS-N m
& no Sh/Br) -Ad4

BQ4845YS-A4TR ACTIVE SOoIC DwW 28 1000 Green (RoHS  CU NIPDAU Level-1-260C-UNLIM Oto 70 4845YS m
& no Sh/Br) -Ad

BQ4845YS-A4TRG4 ACTIVE SOoIC Dw 28 TBD Call Tl Call Tl Oto 70 m

Addendum-Page 1
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@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sh/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sh/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

@ MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

@ Only one of markings shown within the brackets will appear on the physical device.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
7'} |¢ KO
i |
& go W
Reel — ) l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QrSprocketHoles
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
BQ4845S-A4ANTR SoIC DW 28 1000 330.0 324 |11.35]18.67| 3.1 16.0 | 32.0 Q1
BQ4845S-A4TR SoIC DW 28 1000 330.0 324 |11.35]18.67| 3.1 16.0 | 32.0 Q1
BQ4845YS-AANTR SOIC DwW 28 1000 330.0 324 11.35|18.67| 3.1 16.0 | 32.0 Q1
BQ4845YS-A4TR SOIC DwW 28 1000 330.0 324 11.35|18.67| 3.1 16.0 | 32.0 Q1
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TAPE AND REEL BOX DIMENSIONS
,/”?/
4
// S
/\g\‘ /}#\
. 7
- //' "\.\ 7
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
BQ4845S-A4NTR SoIC DW 28 1000 367.0 367.0 55.0
BQ4845S-A4TR SoIC DW 28 1000 367.0 367.0 55.0
BQ4845YS-A4ANTR SOIC DW 28 1000 367.0 367.0 55.0
BQ4845YS-A4TR SOIC DW 28 1000 367.0 367.0 55.0
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation —www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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