Standard ICs

CR timer
BU2302/BU2302F/BU2305/BU2305F

The BU2302/F and BU2305/F are general-purpose ICs used in timers. The timer off time is based on the oscillation
frequency that is determined by the external CR connected to the internal oscillator circuit.

The BU2302/F is an ideal timer IC for applications in which the output of a device such as a battery charger is
turned on for a given period of time. When the timer set pin (SET) is LOW, the IC is reset to its initial state. When the
SET pin is HIGH, oscillation begins and the timer is activated. Oscillation stops when the end of the set time period
is reached.

The BU2305/F is ideal for applications such as sleep timers in radios and radio cassette players. When the timer set
pin (SETB) is LOW, oscillation begins. The timer is set through the chatter prevention circuit, and the output is
turned on and off repeatedly.

@Applications

Timers
@Features
1) Low power consumption because of CMOS pro- 3) Output is Nch open drain.
cess. 4) Oscillation frequency (time) can be set freely, us-
2) Wide operating voltage range of 1.8 to 6.0V. ing external CR.

@Absolute maximum ratings

Prameter Symbol Limits Unit
Output voltage Voo —0.3~7.5 \
Power supply voltage Vour —0.3~7.5 \'
o 500 (DIP8-T8) *1
Power dissipation Pd - mw
350 (SOPS8) *2
Operating temperature Topr —20~75 T
Storage temperature Tstg —50~150 c

*1 Reduce power by 4.0 mW for each 1°C that the temperature rises.
*2 Reduce power by 2.8 mW for each 1°C that the temperature rises.
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@Biock diagram

BU2302/BU2302F/BU2305/BU2305F
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BU2302/BU2302F/BU2305/BU2305F
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@Pin descriptions

BU2302/F
Pin No. Pin Name Function
; 828; CR connection pins for oscillation; one or two oscillators can be
3 0sC3 used.
4 GND Power supply pin (GND)
LOW state is the test mode. In normal operation, this pin shouid
5 TESTB be set to HIGH. This pin contains a pull-up resistance.
Reset when LOW. When HIGH, oscillation begins, output is turned
6 SET on, the timer is activated, output is turned off, and oscillation stops.
This pin contains a pull-up resistance.
7 ouT Nch open drain output
Vop Power supply pin (Vbo)
BU2305/F
Pin No. Pin Name Function
1 0OSC1
2 0SsC2 CR connection pins for oscillation; ane or two oscillators can be used.
3 OSC3
4 GND Power supply pin (GND)
5 RESETB RESETB | SETB Operating state
6 SETB
L L * Test mode
The IC is not reset. Qutput is uncertain.
* Initial reset
L H The IC is reset internally. This must always be done when the power
supply is turned on.
* Set and reset operation
H L Set and reset operations are repeated each time the SETB pin goes
LOW. [f the SETB pin is held LOW with the output on, the output
remains on after the timer is activated, and oscillation does not stop.
H H * Operating and standby states
The timer is activated, the output is turned off, and oscillation stops.
* The RESETB and SETB pins are equipped with a pull-up resistance.
7 ouT Nch open drain output
8 Vb Power supply pin  (Vop)
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@CR oscillator circuits

470kQ
osc1

1800pF
+—|———0o oscz

220kQ
0sC3

Oscillator circuit 1

@Electrical characteristics

0sCi1

iMQ

100k Q

220kQ

do0zs

El

BU2302/F (Unless otherwise noted, Ta=25C, Vcc=3.0V)

osc2

0sC3

I Oscillator circuit 2

Parameter Symbol Min. Typ. Max. Unit Conditions
Operating power supply voltage Voo 1.8 3.0 6.0 \
Quiescent current consumption lap — - 0.5 pA OSC is stopped
Operating current consumption loo - — 0.2 mA When circuit 2 is used
SET pin rise time (Pin 6) tsr - — 50 ms
Output pin rise time (Pin 7) tor 1.0 — 2.4 us Ro=10kQ, Co=50pF
LOW output current (Pin 7) loL 5.0 — - mA Vor=3.0V
LOW output current (Pin 7) loo 3.2 — - mA Vo=0.4V
Output leakage current h e - +0.1 pA Vo=0~3.0V
LOW output current (Pins 2, 3) lou 0.3 - - mA VoL=0.4V
HIGH output current (Pins 2, 3) lon e - —0.1 mA Vor=2.6V
LOW output current (Pins 1 ~ 3) I - — +0.1 KA
HIGH output current (Pins 1 ~ 3) ™ — — =+0.1 KA
LOW output current (Pins 5, 6) I — — 20 rA ViL=0V
HIGH output current (Pins 5, 6) IH - - +0.1 MA V=3V
LOW input voltage (Pins 1 ~ 3, 5, 6) Vi 0.0 - 0.6 Vv
HIGH input voltage (Pins 1 ~ 3, 5, 6) Vi1 2.4 — 3.0 \'
Oscillation frequency forc — 117 - kHz Circuit 2, Voo=2V
Oscillation frequency characteristic Aforc — 10 — % Voo=2V, Ta=—10~60C

* The value for the oscillation frequency characteristic is the value for the IC as a stand-alone unit, using oscillator circuit 2.
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BU2302/BU2302F/BU2305/BU2305F
ﬁ

BU2305/F (Unless otherwise noted, Ta=25C, Voo=3.0V)

Parameter Symbol Min. Typ. | Max. Unit Conditions
Operating power supply voitage Vop 1.8 3.0 6.0 A
Quiescent current consumption lao - - 0.5 pA OSC is stopped
Operating current consumption lop - — 0.2 mA When oseillation circuit 2 is used
Output pin rise time (Pin 7) tor 1.0 — 2.4 uSec | Ro=10kQ, Co=50pF
Output current (Pin 7) lou 3.2 - - mA VoL=0.4V
Output leakage current I - — *+0.1 A Vo=0~3.0V
Output current (Pins 2, 3) lou 0.3 - - mA VoL=0.4V
Output current (Pins 2, 3) lon - - -~0.1 mA Von=-+2.6V
LOW input current (Pins 1 ~ 3) [ — - +0.1 KA
HIGH input current (Pins 1 ~ 3) I — - +0.1 KA
LOW input current (Pins 5, 6) he - - 20 EA ViLi=0V
HIGH input current (Pins 5, 6) ™ — — +0.1 KA V=3V
LOW input voltage (Pins 1 ~ 3, 5, 6) Vi 0.0 — —0.6 \'
HIGH input voltage (Pins 1 ~ 3, 5, 6) ViH 24 — 3.0 Vv
Oscillation frequency fosc - 1.08 - kHz Circuit 2, Voo=2V
Oscillation frequency characteristic Afosc - 10 - % Voo=2V, Ta=—10~607C

" The value for the oscillation frequency characteristic is the value for the IC as a stand-alone unit, using oscillator circuit 2.

@Timing charts
BU2302/F
Oscillation stopped state Oscillation stopped state Oscillation stopped state
! ! - !
7
oo 1 [ |
{{
1T
TESTB _|
{{
T
SET “ _ ___I ].l I_._|
out T ” """""""""""" L ﬂ | """"""" l l """""
1(
T
Qutput on Output on Output off

"1 Areset is carried out whenever the IC internal counter and OUT pin are set to the LOW level.

*2 The output is set to OFF about 4,190,000 clock pulses (OSC3 pin) from when it goes on (the SET pin goes HIGH).
*3 The relationship between the timer set time (1) and the oscillation frequency [fosc (Hz)] is as follows:

69905

X222
fosc

T

_ 1
60Xfosc

(min.}
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BU2305/F

Oscillation stopped state

Oscillation stopped state

Oscillation stopped state

Oscillation stopped state
Oscillation stopped state

{¢ :

0sc [ Oscitiation | [ Oscillation ! | [Oscillation]
7

RESETB i | » ]

“ [ th width
LR

SETB I | I I I ” |

ouT I | I _— .__I L_.I

Initial Output on Output on Output off Qutputon  Output off

reset Output off

Output is turned on and off repeatedly
each time SETB is set to LOW.

Qutput is turned off when the set time
has elapsed after it has gone on.

*1 When the LOW level has been on for period tS after the SETB falling edge is detected, OUT changes. (iS: See "Precautions regarding use".)
*2 The timer set time is equal to about 4,190,000 lock pulses from the osciltation circuit. The relationship between the timer set time [T (min)] and

the oscillation frequency [fosc (Hz)] is shown below.

*3 Initial reset: Always make sure an initial reset is carried out after the power supply is turned on. Please be aware that the initial reset does not engage

when RESETB and SETB are both LOW.

*4 th width: About 20 pulses of the oscillation frequency can be removed as chattering, but if the th width exceeds 20 pulses, it cannot be removed as

chattering, and the output will be changed.

@Circuit operation

CR oscillator circuit

1.  Operation principle

The BU2302 /05 use a stable multivibrator CR oscilla-
tion circuit. The three stages of the oscillation circuit
are composed of a circuit structure which includes a
negative feedback loop after a positive feedback loop,
as shown in Figure 1.

INV. 1 INV. 2 INV. 3

Fig.1

Immediately after the power supply is turned on, the
electrical charge on capacitor Cis 0. Consequently,
the potential at @) is Vss, and the potential at @, ®,
and ©) is Vss, Vss, and Voo, respectively. The third gate
charges the capacitor C through the resistance R, and
as this happens, the potential at point @ increases.
When the threshold voltage of the first gate is exceed-
ed, all of the gates are inverted.

Thus, the potential at ©) is Vm + Vss, and the potential
at © is Vss. Consequently, the electrical charge on ca-
pacitor C is discharged through the resistance R.
When the potential at @ exceeds the threshold volt-
age of the first gate, each gate is inverted again. As a
result, the potential at @ is Vm — Voo, and at ©) is Voo.
Capacitor C begins to recharge. Oscillation is main-
tained by repeating the above operation.
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BU2302/BU2302F/BU2305/BU2305F

D —

1-1.  How the input protection resistor (Rr) works

In the oscillator a voltage exceeding the rated value is
applied to the firstinput. The CMOS IC may be dam-
aged by the input current flowing as a result of this ex-
cessive voltage. To avoid excessive current, an input
protection resistor (Re) must be used.

However, if the value of the input protection resistor is
too large, noise may appear in the resistor, causing
chattering during the output inversion.

Conversely, if the value of the resistor is too small, it
will not protect the input from excessive current flow.
Note also that the current flowing into the I1C input
protection circuit may change the oscillation frequency
if the IC is switched.

An appropriate value for the input protection resis-
tance is 10k ~ 500k Q.

1-2. Design guidelines

The following formula shows how to determine the os-
cillation period T for the third oscillator.

(However, this formula assumes that when Re = 2Rr,
the current flowing to Re can be ignored.)

— VH ( Voo — Vi
T=-CRrlén( Vop + Vi )+ én ‘2Voo — Vi )] ()

Here, if Viu = 1/2 Voo, the oscillation period T will be
as shown in equation (2). Consequently, the oscillation
frequency fosc will be expressed as the inverse of the
oscillation period T.

t = 2.2 CRr = 1/fosc, fosc = 1/2.2 CRr - (2

However, if Rris made too small, the CMOS output
current is saturated and the oscillation frequency is
less than the calculated value. It is better to use a larg-
er resistance.

An appropriate value would be RT = 200k Q.

This IC includes a CR oscillator and a 23-bit counter.
The counter is composed of a binary counter which
uses 22 bits.

The relation between the timer set period and the os-
cillation frequency is as follows :

. 1
Settime (min) T = ———— x 222
(mir) 60 X fosc
222 220
B 43X 15X fosc 15 X fosc

Equations (1) and (2) are calculated based on a num-
ber of assumptions, and the frequency changes de-
pending on the actual IC and the CR constant, so the
value should be determined based on experimenta-
tion. Also, when determining the precision, adjust Rr
using a semi-fixed resistance.

As an example, the oscillation circuit constantfora T =
60 minute timer would be as follows :

220 1048576
fosc = = =1.165 (kH
T 15 xT 900 85 (kHz)
Cr ! (RT is set to 220k Q)

- 2.2 X fosc XRr
= 1773 (pF) = 1800 (pF)

Thus, T = 60 minutes, Rt = 220 (kQ), and Cr = 1800
(pF).

1-3. Oscillator circuit 2

In the oscillation circuit described in 1-1, the maximum
amplitude of the oscillation level at point D is 2 Voo,
which may result in noise being induced in other cir-
cuits in the system. In such cases, the oscillation cir-
cuit can be changed to a Schmitt trigger type.

A

l Rt
Rs
cr INV. 2 INV. 3

DS

INV.1
Rr Rs<-Shr
(A)
------ - Vtu
Vin
VTL
(B)
Fig.2
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BU2302/BU2302F/BU2305/BU2305F

The Schmitt trigger circuit is composed of the INV. 1,
INV. 2, and the resistors Ri and Rs shown in Figure 2.
As shown in Figure 2 (B), the high level circuit thresh-
old voltage Vru and the low level circuit threshold volt-
age V. cause inversion and result in the rise of the out-
put voltage V of INV. 2. As a result, the output voltage
Vour is raised at point A and operation is stabilized
through the feedback resistance Rr.

The circuit threshold voltages Viu and Vn. of the
Schmitt trigger circuit are given by the following equa-
tions :

=[Pt R Rs+Rv
Rs + Ri

Vr = Voo -
s bD R

[Voo — Vin]

= [—B—S—Rfi] [Vin— —%ﬁ— Voo] «++ (2+2)

The relationship between the Schmitt trigger circuit in-
put voltage and the circuit threshold value voltage is as
follows :

Voo > Viu, Voo > [@] Vin weees 2-3)
f

_R_s‘tR_'] [Vin — Rs

0< Vi, 0< N
" =R, Rs + Rr

Voo]
- @4)

The circuit threshold value voltage Vi at its maximum
is Vin = 0.7 Voo. When this value is substituted in the
equation for VDD (equation 2+ 3), the following is ob-
tained :

Voo > [—RS—F“*& 1X0.7Vop  ¥Vin = 0.3~0.7Voo

and it follows that .". Rs < 3/7R¢*---* (2-5)

In other words, the input resistance Rs must be less
than 3/7 of the feedback resistance R:. When this
equation is not fulfilled, the dispersion of the CMOS in-
verter INV. 1 circuit threshold voltage Vin may resultin
the circuit not operating.

The equation for obtaining the oscillation frequency
fosc of the CR oscillation circuit which uses the Schmitt
trigger hysteresis characteristics is given by the follow-
ing.

1
Vi ALY
Vru )+ en( VDD—VTL )]
The circuit threshold voltage Vi is 1/2 Voo for standard
values, but the actual distribution is 40 to 60% Voo. In
CMOS logic, in general, the dispersion is in the range
of 30 to 70%.
Comparing oscillation circuits 1 and 2, the oscillation
frequency equations clearly show that oscillation cir-
cuit 1 has a low dependency on the power supply volt-
age. However, please be aware that the hysteresis
characteristics change as the power supply voltage
changes, and this directly changes the oscillation fre-
quency of oscillation circuit 2.
1-4. Oscillating elements
The capacitor Cr, which determines the oscillation fre-
quency, can be an inexpensive ceramic capacitor if
absolute precision of the timer is not required. Howev-
er, use of a semiconductor capacitor with good tem-
perature characteristics is recommended. If ceramic
capacitors are not used, a film capacitor with a nega-
tive temperature coefficient such as a styrole capacitor
can be used.
1-5. Preventing abnormal oscillation
To prevent abnormal oscillation, be careful to avoid
applications in which Pins 1 and 3 are connected in a
capacitive connection.

fosc =

—~ CrRy [€n (
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@Circuit operation

2. Timer output circuit

The timer output is through the N channel open drain,
as shown in Figure 3. A PNP transistor with a small in-
put-to-output voltage differential is used as the power
supply switching element. The current drawn from the
Pin 7 output is the sum of the base current |s and the
current which flows to Ra. The output [eakage current I
of this IC is very low, at £0.1 ( zA). Thus, the range of
Rz values can be calculated from Rz < Vee/IL. During
actual use, however, the value should always be less
than 100 (kQ). (When considering le, in consideration
of the hre dispersion and temperature characteristics,
assume that Is is 2 to 3 times larger than it actually is.)
Ri is determined by Voo and Ves, and is set as follows :

R1 = (Voo — Vee) —TE
CC

Vce=VBe

hFE=set to 100

To system power supply
lcc =100 (mA)
Max.
01 (uA)
Min

As an example, assume that Vcc = 3.0 (V), hee of the
transistor = 100, lcc = 100 (mA), Ve = 0.5 (V), and R
=22 (kQ).

Ri = (Voo — Vae) X FE
lcc

100

—25x 100 _
100 X103

= 2.5 (kQ) max.

In practice, use a 2.2 (kQ) transistor to assure that
there is plenty of margin.

+vee (3~6.0V)

BU2302/BU2302F/BU2305/BU2305F
e

3. Chattering prevention circuit (BU2305)

The mechanical connections to a switch (lock or mo-
mentary type) that is used to start the timer create a
short period of spurious output after it goes from ofif to
on. This is referred to as chattering at the junction. In-
putting such signals as a digital signal results in many
pulses where only one should exist. Thus, a circuit to
prevent chattering is necessary. Although there are a
number of methods, this IC takes 32 periods from the
oscillation frequency counter circuit as a clock pulse.
Using this period, which is longer than the chattering
period, chattering is eliminated by using a D flip-flop
shift register. For switches used in a set, either a lock
or a momentary switch may be used.

4. OQperating voltage

When using this IC near its maximum power supply
voltage, the voltage must be prevented from exceed-
ing the maximum rated voltage when the power supply
is turned on or off, or when power supply ripples or
noise are present. A preventative Zener diode can be
added to the power supply line as a way to circumvent
this problem.

Voo

—ls 8pin
POWER
SUPPLY ZD

o+

The circuit in Figure 4 is called a Zener shunt circuit.
The current control R must follow the power supply
current and be kept at a value higher than the allow-
able dissipation for the Zener diode. The value of the
electrolytic capacitor for the shunt must be selected
with consideration of the power supply current peak
value and the pulse width.
The following may be used as a guideline :

R I in the range of 100 to several kQ

C Iinthe range of 10t0 100 ( »F)
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D

@Operation notes
BU2302/F
* Initial reset
An initial reset must always be carried out when the
power supply is turned on. The initial reset is done
by setting TESTB to HIGH and SET to LOW.

+ Set pin (SET)
When the power supply is turned on, make sure SET
is in LOW state, so that an initial reset will be carried
out. Then set the pin to HIGH before turning on the
output.

BU2305/F

+ Initial reset .
An initial reset must always be carried out when the
power supply is turned on. The initial reset is done
by setting RESETB to LOW and SETB to LOW.

* Set pin (SETB)
The chattering prevention circuit connected to the
set pin (SETB) consists of a differential circuit (D-FF).
To synchronize the OSC Pin 3 oscillation clock with
the timed period, the restrictions shown below must
be observed.

* Set pin (SETB) operating waveform

= —fg% (8)
2 (8)
vz 22 (s t te .
@Application example
Vob .
[6l]7 ISiI?I
jaja|n| L
E H T System
Vss
O
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@®Measurement data 5
2
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Fig. 5 Rx vs. osciliation frequency Fig. 6 Rx vs. oscillation frequency Fig. 7 Oscillation frequency - power
characteristic (oscillator circuit 1) characteristic (oscillator circuit 2) supply voltage characteristic
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1
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!
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I Vop=6V 10 e
200
— 150 > P———— | VD=5V = Vop=2.5V
a Vop==5V o ] 4 &
8 S 400 2
100
Vop==2V
50 200 )
Voo=3V Vpp=3V 2‘ /f Voo=1.8V
0 Yoo=1V, 0 Vop=1V o
0 20 40 60 0 20 40 60 1 2 3
TEMPERATURE ('C) TEMPERATURE ('C) Vour (V)

Fig. 11 Current consumption -
temperature characteristic (circuit 1)

Fig. 12 Current consumption -
temperature characteristic (circuit 2)
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Fig. 13 Output voltage -
output current characteristic
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60 5 25,
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50 Voo=6V | \
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| I
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0
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Fig. 14 Output voltage - Fig. 15 RESETB and SETB pins: Fig. 16 RESETB and SETB pins:
output current characteristic puli-up resistance characteristic pull-up resistance characteristic

@External dimensions (Units: mm)

BU2302/BU2305 BU2302F/BU2305F
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