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STEP UP & DOWN VOLTAGE REGULATOR S-8430AF

B Features

The S-8430AF is a chopper-type DC/DC converter made using the
CMOS process. It automatically steps the voitage up and down
according to the input voltage. When the input voltage is higher than
the output voltage, the S-8430AF operates as a series regulator,
When the input voltage is lower than the output voltage, it operates
as a combination of a step-up switching regulator and a series
regulator. The output voltage for normal operation can be selected
from either 5 V or 3 V and the output level during shutdown can be
selected from either the Vsg level or the input voltage level.

B Applications

- Low current consumption Operation : 11 zA typ. - Camera

- Shutdown function
Output voltage during shutdown: =Vgg or =input voltage

- Built-in CR oscillation circuit
Oscillating frequency: 40 kHz typ.

Shutdown : 0.2 A max. - Pager
- Low voltage operation: 0.9 V min.
- Output voltage: 5Vor 3V
- High precision output voltage: 5 V+4% or 3 V5%

- Handy copier
- Handy terminal
- Other battery-driven equipment

- Few external parts because of built-in Schottky diode

- 8-pin SOP package

B Block Dlagram

Vin €

CONT Vsw
O >4
1 o .
J
= 1
M1 - M2 F
¥ 1 —!+>_‘
N [ —GVour
H £
P . >
CR oscillation Ref. voltage b
circuit circuit r_l {
i
ON/OFF SEL1 SEL2 * Parasitic diode

Figure 1
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H Pin Assignment

No. Name Description
i~tr | Shutdown
8-pin §OP 2 ON/OFF H: Normal operation L: Shutdown
TOP view 3 SELY Selects output voltage during shutdown
Ve T o/ R H: Vour=ViN, L:Vour=Vss
YN 55 4 SEL2 Selects normal operation output voltage
ON/OFF ™2 71D CONT H: Voyr=5V, L:Voyr=3V
SEL1 tf3 6 0 Vsw 7 CONT | Output driver for external inductor
SEL2 M4 5 Vour 5 Vour | Outputvoltage

6 Vsw Switching regulator output

1 Vin Positive power supply input

8 Vss GND

LT Figure 2
B Absolute Maximum Ratings
Table 1
(Unless otherwise specified : Ta = 25°C)
Parameter Symbol Conditions Ratings Unit

Input voltage Vin 12 \
Output voltage of g
switching regulator Vsw Vss0.310 12 v
Output voltage Vour Vss-0.3 to Vgw + 0.3 )
Input pin voltage ON/OFF, SEL1, SEL2, CONT Vss-0.3t0 12 v
Power dissipation Po 300 mw
Operating temperature Topr -30to +80 °C
Storage temperature Tstg -40to + 125 °C

M Electrical Characteristics

Table 2
{Unless otherwise specified : Ta = 25°C)
Parameter Symbol Conditions Min. | Typ. | Max. | Unit c;rrif.utit
Input voltage Vin e - 10.0 \ 1
Vin=2V, lout= 30 mA
Vour ‘ —=" 2.85 | 3.00 | 3.15 Y 1
Output voltage* 351'2 ;b OINIOF};(') H y
A" IN=SV, loyr=3Um 4.80 5.00 5.20 \Y 1
OUTZ | GEL2 = ON/OFF = H
: Viy=3V, Unloaded —
Current consumption ] IN ' S 11 25
umpt S |SEL1=SEL2= ON/OFF = H PR 2
ViN= 7V, Unloaded
lsss1 _ _ T - - 2.0 pA 3
Shutdown current f/EU ;f/EleJ "IH’ dOZ/OFF =t
| n=7V, Unloade - — —_ 0.2 3
5552 |SEL1=L, SEL2=H, ON/OFF=L A
Oscillating frequency fosc Vin=3V 20 40 70 kHz 4
Line requlation AVour Vin=3t010V, loyt=30mA, SEL2=H - 0.1 0.2 %N 1
9 AVin-Vour | YIN=210 10V, lour=30mA, SEL2=L — 0.1 0.2 | %N 1
Load reaulat AV Vin=3V, loyr=50 zAto 30 mA, SEL2=H | — 20 80 mv 1
oad regulation OUT [V N=2V, lour=50 pAto30mA, SEL2=L | — | 20 | 80 | mv 1
Temperature coefficient | AVour |15 .30°Ct0 80°C, SEL2=HorL — |*038] — |mwe| —
of Vour - ATa
Switching current lsw Vps=0.2V, SEL2=H - 250 - mA -
Leakage current of _ — — |
switching transistor Iswe Vos =10V 1.0 A 6
Input voltage for ON/OFF, VsH Vin=3V, Hlevel 2.4 — — v 3
SEL1, and SEL2 pins Vs Vin=3V, Llevel - - 0.4 Y 5
Output voltage during Vsoutt | vy =Vsw=7V, unloaded SEL1=L 0 - 0.1 v 5
shutdown Vsour2 |ON/OFF=L, SEL2=H SEL1=H 6.9 — 7.0 Vv 5
Oscillation duty ratio fo Vinz=3V - 50 - % -
Operation start voltage Vst Vout& 2V, unloaded, SEL2=L 0.9 - - \ 1

* External parts:

Coil: FLSH101K (100 xH) manufactured by Taiyo Yuden, or equivalent

Diode: DINS4 manufactured by

Shindengen, or equivalent
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Test Circuits

100 xH
1.
= v CONT Vv
7 N SwW
Vour
v .
5 ON/OFF  SEL1 SEL2
J U N
—
777 J’
100 uH
3 rw\_y
Vin CONT
Vss ONDFF  SELT  SEL2
s

ON/OFF  SEL1

7

s

SEL2
£ 7"1 7
77

%ﬁ Conl22 4F)

Courl22 uF)

| ;:]—7V

. “@

r

SELY SEL2

)\

777

® Apply3Vto V,and 5V toV; and measure I
@ Apply3VtoV, and7VtoV; and measure I,

Q kg=l1+15
4.
= 2000
CONT Vsw Oscillo-
1 IN scope
——— @
Vs ONDFF SEL1  SEL2
77 777
6.
® ]
4] N Vow
1 v'——"" —
%V Tov
o —
Vs ONOFF SELY  SEL2
77 777

Figure 3
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REGULATOR

M Operation Timing Chart

A
1 1¢AVANN nhuiniuieineieinintuinhehein
V|N /
2V
t
H 1
ON/OFF
L . : ! > t
H ; ! !
] I !
- SEL1 ) ! :
L i : ; ¢
1t 1 ! 1 -
1! 1 H !
| : 1 H :
H : 1 : : ] et t—
SEL2 H [ E
) | I ;
1 ! ! | i H ! -
| ! 1 ' '
[ o L ! 1
10V e S e
[ 1 | : 1
[ 1 | H 1
0 | vl ,
Vour2 0 i ! ]
Vout P i :
Vout E ] !
2v i '
oV >t
Figure 4
B Dimensions
5.2 (5.5 max.)
< g ]
H H B HI J 04
T A
414 62403
HHHH_ ____ ¥
1 4 [<-0.15 * 33
J
/\I | | | U_ \ 11.510.1 ‘ 1.7max.
- A0 min.
1.27 0.4%0.1 Unit: mm
Figure 5
B Markings
|:| D D D D 1to 7 : Product name
1 2 3 4 5 8 : Assembly code
DD DDD g : Year of assembly (last digit)
6 7 8 9 10 10 : Month of assembly; Jan.=1, Feb.=2,
DD Mar.=3, Apr.=4, May=5, June=86,
1 12 13 July=7, Aug.=8, Sept.=9, Oct. =X,
Nov.=Y, Dec.=2
11to 13: Lot No.
Figure 6
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B Taping
1. Tape specifications
T1 and T2 types are available depending upon the direction of ICs on the tape.

210201 _
- 204005 4.00.1(10 pitches : 40.0 £0.2)

0.3+0.05 . 0£0.1 \v
- 21552005 | BO20 A ¥ 1.750.1

A A& A A )
NI !
— 5.5+0.05
|: ) A P el A u 120202
\ 24 37 3 gt
A | y o ! J U J L $2.0+0.08
ﬂ- 5.55%0. v
3°max. > “max.
max. €70t0 ‘l 5°max

T
O 0 0 0O 0 O O O

LH £F [F 3 T

H .
Feed direction Unit: mm

Feed direction

Figure 7

2. Reel specifcations
1 reel holds 2000 regulators.

L

—= $150%1 -

I

933022 14.0£15

Unit: mm

Figure 8
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H Operation

The S-8430AF consists of a switching regulator, a series regulator and a controller circuit.
regulator is cascaded with the series regulator.

The switching

1. Control circuit

The S-8430AF has three control pins (ON/OFF, SEL1, and SEL2) that meet the TTL level. These pins
control internal circuits. Table 3 shows the statuses and output levels of the control pins.
Table 3
Control pin input Operation of each circuit block and output status
foope Vsw .
-- —_ Switchin . Series Output Current
ON/OFF* | SEL1* | sEL2* 9 | regulation P )
regulator circuit regulator | voltage Voyr | consumption
- H Operate 6.25V+4% 5V 5V+4% 25 pA max.
H — L Operate | 4.21V7% 3V 3VE5% | 25 zAmax
H —_ Stop =V|N** Stop =VNr e 2.0 A max.
L L — Stop =Vt Stop =Vss 0.2 A max.
—: Invalid

* Do not use control pins in floating status, otherwise the ouput voltage will be unstable.

Input voltage minus the sum of the voltage reduction due to DC resistance of the inductor and the forward
voltage reduction of the diode.

Input voltage minus the sum of the voitage reduction due to DC resistance of the inductor, the forward
voltage detection of the diode and the voltage reduction of the M2 transistor.

40.00 Ta=25°C
30.00
| =100
|+~ lout l TA
20.00
Vit \></ lout= 5100/0;\
(mV) | Iyt = 1000
10.00 \\\ —— s
\\.,\ ———
0 \\N
1 2 3 4 5 6 7 8 9 10 11 12
VewlV)

Figure 9 Input/output voltage difference of
transistor M2

The ON/GFF pin controls the operation of the S-8430AF. The S-8430AF operates while the ON/OFF pin is
high, and it's in shutdown status while it is low. During shutdown, internal circuits such as the oscillation
circuit, the error amplifier, the reference voltage circuit, and the logic circuit stop and current consumption
drops drastically.

The SEL1 pin is enabled only during shutdown. Its output statuses are as described below:

If the SEL1 pin is low, the VSS level is output.
If the SEL1 pin is high, the voltage obtained by subtracting the sum of the voltage reduction due to DC
resistance of the inductor, the forward voltage reduction of the diode and the voltage reduction of the
transistor M2 from the input voltage is output.

The SEL2 pin is enabled only during operation.

If the SEL2 pin is low, 3.0 V +5% is output.
If the SEL2 pin is high, 5.0 V + 4% is output.

Its output voltages are as follows:
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2. Switching regulator
Figure 10 shows a circuit diagram of the switching regulator. L i
The switching regulator consists of the switching transistor Vin A Di v
(M1), the CR oscillation circuit, and the Schottky diode. w
The CR oscillation circuit turns M1 on and off. Energy is .
accumulated in the inductor (L) while M1 is on (ton). When 0sc >—.| M1 o Csw

M1 is turned off, the energy is fed to the capacitor (Cgy) of
Vsw through the diode (Di). For details, see Section 5.

Figure 10 Switching regulator

CR oscillation circuit : A 40-kHz (typ.) oscillator consisting of a capacitor and a resistor. The

oscillating frequency fluctuates a little due to changes in the input voltage (Vin)
{see M Characteristics 14. Oscillating frequency).

Switching transistor (M1) : A large-capacity Nch MOS transistor. Use an inductor whose peak current (lpk)

does not exceed 500 mA at room temperature (see M Selection of External
Parts 1. Inductor).

Schottky diode : This diode has almost the same performance as the 151588 small signal diode. To

obtain an output current of 10 mA or more (for efficiency), use an external Schottky
diode.

Vgw voltage :  The Vgw voltage is adjusted to 6.25 V + 4% when the SEL2 pin is set to high and to 4.21

V +7% when the SEL2 pin is set to low. The SEL2 pin is valid only when the ON/OFF pin
is high.

3. Series regulator

A series regulator installed in the S-8430AF regulates Vsw voltage and outputs in Voyt. The output
level allows selection of 5 V or 3 V according to the level of the SEL2 pin (see Table 3). The control
transistor (M2) for the series regulator is a Pch MOS transistor with a large K value. This allows
generation of large output current with only a small difference between input and output voltages.

4. Step-up/down operation with switching regulator and series regulator

4.1

When ViN<Vsw
When the Vgw voltage is less than the adjusted voltage value, Viy is stepped up by the switching
regulator and then down by the series regulator, so that the output voltage is stabilized. Figure 11
shows the waveform of the ouptut voltage. In the voltage waveform at the Vgw pin, a ripple voltage
(Vpp) is generated. Through the series regulator, Vpp is attenuated as shown in the voltage waveform
at the Vouyr pin.

Vin =3V, ON/OFF=SEL="H"
lout =30mA, Cow = Coyr = 224F

AN N
V1N [THIRAN

(0.1 v/div) ] M —— | = Vsw waveform

Vout waveform

(5 ws/div)
Figure 11

To remove the ripple voltage (Vpp) and the spike noise of Voyr, use an external LC filter. However, if
loyT is too small, Vpp becomes large.

For reference, examples of the temperature characteristics of the Vgw and Voyt pins are shown on the
next page.
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(1) Vsw output (2) Vour output
Csw = Cout =22 4F, : Csw = Cour = 22 4F,
lout=30mA, Viy=3V louT=30mA, Viy=3V
1000 I ul » 20 i 1
SEL2= H SEL2="H.
v 80 150
(mv) 60 N Ve
40 A ™ 10
.y
N
20 5
0 0
-40-20 0 20 40 60 80 100 -40 -20 0 20 40 60 80 100
. Ta (°C) ) Ta (°C)
Figure 12 Figure 13

4.2 When VN> Vsw

When the Vgw voltage [Vin-(VL + Vp)] exceeds the adjusted voltage value, only the series regulator works
to stabilize the input voltage.

5. Reference: Basic formula for the switching regulator

This section describes the basic formulas ((1) to (7)) for the step-up switching regulator.

The voltage at A at the instant that M1 is turned on (the current (I.) fiowing in L is zero):

VASVS i (1)
(Vs : Non-saturation voltage of M1)

Change of I in time:

M = _Y.L_= Vin-Vs %)
m m R RREREE
Integration (i) of the above formula:
ViN-V.
IL =(_'.'1L_S_) T 3)

I flows during ton, which is determined by the oscillation frequency of OSC.
The peak current (lpk) after ton :

lpk = (\ﬂ"—[—vi-) tON «vriiiinn (4)

The energy accumulated in L at that time is expressed by 1/2 L(lpk)2.

The next time M1 is turned off (topg), the energy stored in L is released th?ough the diode (Di), causing a
reverse voltage (V). VL is expressed by:

VL =(Vout+VD)-VIN -+« vevvinnn. (5)
(Vp : Forward voltage of diode Di)

The voltage at A rises only as much as the sum of Voyt + Vp.

Change of current (i) that flows to Voyt through the diode during togg in time::

Vout +Vp-VIN

L _ Vo _
=—T= T e (6)

dt
Integration of the above formula:

- Voutr + Vp — ViNY) |
IL = lpk— T t
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During ton, energy is accumulated in L and is not transferred to Voyt. To obtain a Ioad current (loyt)
from Vouyr, the energy in the capacitor (Csw) is used. As a result, the pin voltage of Cgw is lowered (to
the minimum after ton). When M1 is turned off, the energy accumulated in L is transferred to Cgw through
the diode, rapidly increasing the Csw pin voltage. Since Voyt is a time function, VoyuT reaches the
maximum value (ripple voltage: Vpp) when the current flowing to Voyrt through the diode matches the
constant load current loyt. The following describes how to calculate the ripple voltage.

louT, when the time between ton and the highest level of Voyr is expressed as ty:

Voutr+Vp—-V
louT = IpK— (ﬂL_D_IN) e )
-t
t1=(lpk — louT) * (VOUT"'VD“VIN) ............ (9)

Based on (7), since I =0 (all the energy inthe in ductor is released during torf) :

L - tobr 10
Vout+Vp-ViN  Ipk (10)

Substituting (9) with (10) :

|
t4 =tOFF_( (I)PU;) “oFF eesaeeeaeen (11)

The amount of electric charge AQ1 accumulated in Cgy during ty is:

AQr =M dt=lpst at— (———V"UT T_VD-V'N)'ftatdt
o t1—( Vour 1 VD'VIN) % 2 e (12)
Substituting (9) with (12):
AQ = IPK—'%' (Iok=TouT) - t; = IPK'2" lout. ot (13)
The voltage (Vpp) raised by AQj4 is:
Vpp = ég\; - C1sw' (IPK‘FZIOUT) Gy e (14)

Taking loyTt consumed duirng ty into consideration:

AQy 1 ( Ipk+ IOUT) louT't
Vv = = . I P e L I I IR I PPN 15
PP "Cow Csw 2 1" "Cow (19)
Substituting formula (15) with formula (11):
- 2 -
Vpp =Bk=loum) tore T (16)

2lpk Csw
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B Selection of External Parts

10

1. Inductor

To reduce the loss due to the DC resistance, select an inductor with as small an DC resistance as
possible (less than 1 Q). Select the best inductance for the application.

To make the average value of the output voltage (Voyt) constant, the inductor must supply energy
equivalent to the output current (loyt). The amount of charge required for loyrt is lout X (ton+torr). The
inductor can supply energy only during torr, thus the amount of charge is obtained as Ipx/2 X torr by
integrating formula (7) by 0-torr. Therefore:

lpx

— * torF=loyTX(ton*torr) TR a7
ton +1
oz DO (18)

Since the oscillation duty ratio of the OSC is 50% and Ipk equals 4 X loyt if ton=toFF, the Ipk current
flowing in the transistor must be four times as much as the required loyt. Ipk is limited due to the
characteristics of the M1 transistor

(500 mA max.).

In the S-8430AF, recommended inductance is between 30 and 270 »H.

Using an inductor with a large L value decreases Ipk and lpyt. Since the energy accumulated in the
inductor is 1/2 L{lpk)2, Ipx decreases in steps of squares offsetting the increase of L, and the energy
decreases overall. Accordingly, stepping up at low voltages is difficult and the lowest operating voltage
must be specified as a high value. However, the DC resistance loss in L and the M1 transistor becomes
small because of the reduced lpk, and the efficiency is improved overali.

Using an inductor with a small L value increases Ipk and lpyt. Accordingly, the minimum operating
voltage is lowered, but efficiency decreases.

Note Too large Ipk causes magnetic saturation for some core materials, resulting in destruction of the IC
chip. Always keep lsat higher than Ipk (Isat: level of current that causes magnetic saturation).

For reference, Table 4 shows the change of drivability due to differences in inductors, measured using
output current loyt as a parameter.

Table 4
Product name Manufacture Lvalue DCresistance Ref.
FLSH470K Taiyo Yuden 47 uH 1.37Q A
FLSH101K Taiyo Yuden 100 zH 2020 B
FLSH27AK Taiyo Yuden 270 pH 4.84Q C
—_ (Custom made) 47 4H 0.37Q D
NLC453232 TDK 47 uH 1.45Q E
Condition: loyy = 10, 30, 50, 70, 100 (mA), Ta=25°C
5.3 1 1 t
Vour=5V 3.3 Vour=3V
5.2 3.2
5.1
Output ok output 3"
voltage5.0 m
v 9 T voltage 3.0
v) 4.9
. ' l 100 mA 29 / l
4.8 — 2.8
is [ [l [ | ST
S0 2 4 8 8 10 70 2 4 6 8 10
Input voltage (V) Input voltage (V)
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Condition: Ioyt = 10, 30, 50, 70, 100 (mA), Ta=25°C
5.3 14 ] 1 3-3 ) T T
Voyr=5V Vour=3V
5.2 3.2
5.1 3.1
Output Output
voltage 5.0 A voltage 3.0
V) a9 I vy 29 I
4.8 I I I 2.8 l
4.7 27
0 2 4 6 8 10 0 2 4 6 8 10
Input voltage (V) Input voltage (V)
5.3 T 33 | N
Vour=5V Vour=3V
5.2 3.2
Output g 4 3.1
voltage Output
(V) 5.0 10 mA— voltoge 30 7
4.9 ] 100 mA V) 29 , [
4.8 / 2.8 I
4.7 2.7
0 2 4 6 8 10 0 2 4 6 8 10
Input voltage (V) Input voltage (V)
5.3 T T L 3~3 T 1 L
Vour=5V Vour=3V
5.2 3.2
5.1 3.1
Output Output
voltage 5.0 = voltage 3.0
V) 49 " VM 29
4.8 , 2.8
2.7
a7 0 2 4 6 8 10 0 2 4 6 8 10
Input voltage (V) Input voltage (V)
5.3 — 33 T I
Voyr=5V e Vour=3V
5.2 3.2
5.1 3.1
Output Output
voltage 50 voltage 3.0r—=
) V) 59 T%
> / 2el | I
o T+ 2oL
o0 2 4 6 8 10 0o 2 4 6 8 10
Input voltage (V) Input voltage (V)

Note Input voltage is measured by 0.5 V step. Graphs from ® to ® have a few

measurement errors.

11



STEP UP & DOWN VOLTAGE REGULATOR
S-8430AF

B Standard Circuits

12

2. Diode

The S-8430AF has a built-in Schottky diode, which has almost the same performance as the 151588 small
signal diode (manufactured by Shindengen). :

Figure 14 shows the efficiency difference in the temperature characteristics between the D1NS4 and the
built-in Schottky diode. The efficiency of the built-in Schottky diode is less than that of the D1NS4 by about
7%.

2 T 1
SEL2=H
15 Vin=3V —
i =30mA
Efficiency ouT m
difference 10
(%) —
5
0
.60 -40 -20 0 20 40 60 80 100 120
Ta (°0)

Figure 14

To improve the efficiency to obtain over 10 mA of output current, use an external Schottky diode that has
the following characteristics:

e Low forward voltage

e Fast switching rate (500 ns or less. In particular, the recovery time must be
short.)

e High backward dielectric strength (low backward leakage current)

3. Rectifying capacitor (Csw)

Add a large capacity of capacitor such as an electrolytic capacitor as Csw to the Vgw pin. In general, the
capacitance of electrolytic capacitors decreases due to low temperature with ripple voltage increasing as a
result. Ripple voltage is inversely proportional to the capacitance of rectifying capacitors and to the
switching frequency, and is proportional to peak current Ipk. Select a capacitor of higher dielectric
strength than the values described below as a rectifying capacitor to attenuate the ripple voltage.

- When SEL is H: Vgw voltage=6.5 V max. + ripple voltage
- When SEL is L: Vgw voltage =4.5 V max. + ripple voltage

You can also use a tantalum electrolytic capacitor or an O.S. capacitor, which is superior to an aluminum
electrolytic capacitor in low-temperature characteristics and leakage current characteristics.

1. When the built-in Schottky diode is used and the outputis 5V

~ L300 2704H)
Vin  CONT Vsw
— ot v -V
ON/OFF  : : out out
Ci R »J" (224F
A7 uF) SELY Cow | Cour (224F)
i + S-8430AF + +
—— zZzZ ZZ %
- SEL2 Vs i
Figure 15
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2. When an external Schottky diode is used and the output is 5 V
L (30 to 2704H) o
o
Vin CONT Vsw
J— \'/ » V
¢ T oNOFF T o2ur our
r—u prrssd prrs sz A
- L] seL2 - |-
Vss
777
Figure 16
Merits in Designing
When the S-8430AF is used in a power supply circuit of low 5:,?:&
current consumption that generates about 30 mA of output ™
current, you can structure a system that effectively uses the
battery. The reason for thisis as follows: [ =7} When aseries . h
regulator is used When the

e The output voltage is constant, regardiess of the input
voltage. This prolongs the operating time (ty-tp).

$-8430AF is used

e If the input voltage becomes higher than the output voltage, e e e

the oscillation circuit of the switching regulator automatically i ’

stops. This reduces power consumption. 2,?;'“'"9 t—>1,

Figure 17

Notes on Design

e In applications where the output current is less than 10 xA, the output current may rise due to the leak
current of the control transistor. This may cause the load stability to be out of the standard. Keep the
output current more than 10 A,

¢ Install external capacitors, diodes, and coils as close as possible to the IC chip.

e The switching regulator causes unique ripple voltages and spike noises. To implement a design using the
S-8430AF, evaluate the performance with the actual device.

e Consider the tolerable loss of the switching transistor, particularly at high temperature.
A
300 |

Power
dissipation

* > Ambient temperature Ta (°C
25 110 pera cQ

Figure 18 Power dissipation of 8-pin SOP

13
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Bl Application Circuits
1. A power changeover system of 3V and 5 V

(1) The fall of input voltage makes automatically the output of the S-B430AF 3 V, and at the same time a
microcomputer enters standby mode.

r
—/ w\_"_h.l .
o—v, CONT Vew i—
e f _ Vour ' Voo
- ON/OFF .
Micro-
L 7 S-8430AF - computer
- T | voltage SELY
detector SEL2 Vg CE
SIS >
Figure 19

(2) A current consumption reducing system

When operating a 5-V operating microcomputer with 3-V battery, a voltage detector is used to monitor
the battery voltage. If the voltage detector detects the fall of the battery voltage, the S-8430AF turns off
to save current consumption. Also, unregulated =V)y voltage is output to Voyt pin. Therefore, the

SRAM data can be kept in backup system.

d f
l Viu CONT Vew
Vour * Voo
Voltage ON/OFF i
Micro-
Sy detector S-8430AF computer

= 7/17 & sen

. v CE

i_ L] sEL2 5
777 7J7-
Figure 20

- 2. When boosting output current

Installing an external bipolar transistor increases the output current. However, efficiency decreases as all

base current is consumed.

14

T~

Vew Vi
CONT

S-8430AF VoUT

Vss

1 N+

7r

Figure 21
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Characteristics

1. Operating current consumption (lsg) - Ambient temperature (Ta)

11ViN=3V
ON/OFF = SEL1= SEL2="H"
15
| 10 — g
SS |
(A | =
5
0

40 .20 0 20 40 60 80 100
Ta (°C)

2. Shutdown current (Isss1) -
Ambient temperature (Ta)

Vin=7V, ON/OFF = “L*, SEL1=SEL2="H"

7
6
5
4
;sss1)3 A
uA
2 //
1 L
0 —_—-/
40 20 O 20 40 60 80 100
Ta (°C)
Y
4, Line regulation (——QL>
_ AVIN ‘Voyt
- Ambient temperature (Ta)
0.10 —_———T—T—
SEL2="H", lour=30mA
0.08
aVour 0.06
aViN-Vour
(%sv) 0.04
0.02 P
0.00

-40 20 0 20 40 60 80 100
Ta (°Q)

6. Oscillation start voltage (Vosc) - Ambient
temperature (Ta)

1.V

0.8

0.6 =

Vosc
M o4

0.2

0.0

-40 .20 0 20 40 60 80 100
Ta (°C)

1.2VN=2V

ON/OFF =SEL1 = “H", SEL2 = "L"

20

15

10

SS
-
(uA)
5

0-40 .20 0 20 40 60 80 100
Ta (°C)

3. Shutdown current (Isss2) -

Ambient temperature (Ta)

Vin=7V, ON/OFF = SEL1 = “L", SEL2 = "H"
0.7

0.6

0.5
0.4

Isss2
(uA) 03

0.2

0.1
0 —
40 20 0 20 40 60 80 100

) . Ta(°Q)
* lsss1 and lsssa increase with high temperature.

5. Load regulation (AVoyt) —Ambient temperature (Ta)

30.0 1 i I 1 1 1 i
SEL2="H", VIy=3V, Vour=5V

20.0 N

AVour \ /
(mV)

10.0

0002526 0 20 40 &0 80 100
Ta (°C)

7. Input voltage of ON/OFF, SEL1 & SEL2 pin (Vgh, Vsy)
- Input voltage (Vin)

3.00
2.50
2.00 Vsy
VSHI VSL
V) 1.50 — —’r
—
0.50

0053256 7 8 910

Vin (V)

Vs Lowest voltage recognized as high
Vg @ Highest voltage recognized as low

15



STEP UP & DOWN VOLTAGE REGULATOR
S-8430AF

8. V|N step response
8.1 SEL2=H, VN=0V-3V
Cow=Cour=224F, R =1660Q, Voyr=5V, Ta=25°C

Input 5V
voltage oV [‘
Pl
I/ .
Output l
voltage /
-~ (1 V/div) _

t(ms)
8.2 SEL2=H, ViN=0V>10V
Cosw=Cout=22 4F, Ry =166, Voyr=5V, Ta=25°C

10V
Input
voltage
oV \/
Output
voltage
(1 Vv/div) —

t(ms)
8.3 SEL2=L, Vy=0V-2V
Cow=Cout=22 2F, RL=166Q, Voyr=3V, Ta=25°C

Input 5V
voltage
ov
) il
Output /
voltage /
(1vidiv)

t (nrts)
Note Use a capacitor in due consideration of overshooting value to the Vgw and Voyrt pins, as a ringing
occurs in the waveform during the fluctuations of input voltage and output current.
8.4 SEL2=L, VIN=0V->10V
) Cow=Cour =22 uF, R =166 Q, Vour =3V, Ta = 25°C

- 0V
Input
voltage
oV
AV,
Output
voltage I
(1 vidiv) -

t (ms)

16



STEP UP & DOWN VOLTAGE REGULATOR
S-8430AF

8.5 SElL2=H, VN=3Vel0V
Csw=Cour=22 uF, R =166 Q, Voytr=5V, Ta=25°C

10V
Input \
voltage
ov
Output \ A Zz A
voltage \Y A7,
(0.2 v/div)

t(2 ms/div)

8.6 SEL2=L, VN=2Ve10V
Csw=Cour=22 4F,R =166, Voyr=3V, Ta=25°C

oV
Input [
voltage ]
ov
0 i A
utput
voltage v’\ — ) \v[\—-
(0.2 V/div) Yy
t (2 ms/div)

Note When a voltage detector (S-807 Series of Seiko Instuments Inc.) is connected externally to Vour
pin, use one in due consideration of undershooting value.

9. Output current (load current) fluctuation response

9.1 loyT=2 MA©30 mA ON/OFF =SEL1=SEL2=H

(a) ViN=3V Csw = Cout=22 uF, Ta=25°C
Output 2mA
current / \ 30mA ,
Output A A
voltage —] \ /\ / \
(0.2 vrdiv) vV
t (2 ms/div)
(b) .ViN=7V
Csw=Cour=22 uF, Ta=25°C
Output
current I 2mA \ 30mA I
Output l> _ A l\
voltage V
(0.2 v/div)
t(2 ms/div)

17



STEP UP & DOWN VOLTAGE REGULATOR

S-8430AF

9.2 loyt=1mAo18 mA ON/OFF=SEL1=H, SEL2=H

(a) Vin=2V

Csw=Cout =22 uF, Ta=25°C

Output
current

Output
voltage
(0.1 v/div)

(b) ViNn=5V

Output
current

Output
voltage
(0.1 v/div)

Note

10. ON/OFF pin response

10.1 ViN=3V, SEL1=H, SEL2=H

ON/OFF 5V
input
voltage OV

Output
voltage
(0.5 v/div)

10.2 ViN=3V, SEL1=L, SEL2=H

ON/OFF Y]
input
voltage 0OV

Output
voltage
(0.5 v/div)

18

/ TmA _ 18 mA [
J\\ : /A
| \. V(L
t (2 me/div)
Csw = Cout =22 4F, Ta=25°C
[ TmA \ 18 mA /|
A i JAN
t (2 ms/div)

If an output current fluctuates in larger scale than the graphs above, larger ringing occurs.

Cow=Coutr=22uF, Ry =166 Q, Ta=25°C

[

_J

t (2 ms/div)

Cosw=Cour=22 /1F, Ry=166Q, Ta= 25°C

J

t (2 ms/div)




STEP UP & DOWN VOLTAGE REGULATOR
S-8430AF

10.3 ViN=3V, SEL1=H, SEL2=L
Cow=Cour=22 uF, R =166, Ta=25°C

ON/OFF sy
input I
voltage OV
Output
voltage A j\ A
©svidivy | J VY N JA

t (2 ms/div)
104 Viy=3V, SEL1=L, SEL2=L

Csw = Cour =22 4F, R, = 166 Q, Ta=25°C

ON/OFF gy
input L ]
voltage 0OV
u 4
Output \
voltage
(0.5 V/div) \
t(2ms/div)

10.5 ViN=7V, SEL1=H, SEL2=H
Csw=Cour=22 4F, R =166, Ta=25°C

ON/OFF 5V
input l
voltage OV

0
voitege | [

(0.5 V/div) \n

1(2ms/div)
10.6 ViN=7 V, SEL1=L, SEL2=H

Csw=Coutr=22 4F, R =166 Q, Ta=25°C

. ON/OFF 5V

input F \

voltage 0OV

Output \

voltage
(1 v/div)

t (2 ms/div)

19



STEP UP & DOWN VOLTAGE REGULATOR
S-8430AF

10.7 ViN=7V, SEL1=H, SEL2=L
Csw=Cour=22 4F, R =166, Ta=25°C

ON/OFF sy
input
voltage OV

Output N\
voltage \
(0.5 v/div)

t(1 ms/div)

108 ViN=7 V, SEL1=L, SEL2=L
Csw=Cour=22 4F, Ry =166 {1, Ta=25°C

ON/OFF 5y
input
voltage OV

Output

voltage
(0.5 V/div) \

t (1 ms/div)
11.  SEL1 pin response

11.1 ViIN=3V, ON/OFF=L, SEL2=H
Csw=Coutr=224F, R =166, Ta=25°C

SEL1 5V

input \ /
voltage OV

Output A\

voltage \

(1 vidiv) \\

t (5 ms/div)

11.2 Vy=3V, ON/OFF=L, SEL2=H
Csw=Cour=224F, RL =166, Ta=25C

SEL1 5V

input I

voltage ov

/"——-

Output
voltage

(1 v/div)

t (5 ms/div)

20



STEP UP & DOWN VOLTAGE REGULATOR
S-8430AF

12. SEL2 pin response
12.1 ViN=3V, ON/OFF=H, SEL1=H
Csw=Cour=22 4F, R =166Q, Ta=25°C

SEL2 5V
input I
voltage OV
/’A
Output /
voltage /
(0.5 v/div) l \
N
v
t (2 ms/div)

12.2 VIN=7V, ON/OFF=H, SEL1=H
Csw=Cour=22 4F, R =166, Ta=25°C

SEL2 sV
input I
voltage OV
Output
voltage
(0.5 v/div) \ A
Vv
t (2 ms/div)
13. Efficiency- temperature (in case of using L=100 »H (FL5SH101K), Di : D1NS4)
13.1 Vsw pin (Output of switching regutator) 13.2 Vour pin (Output of whole IC)
ViN=3V, loyt=30mA, SEL2="H" Vin=3V,loyur=30mA, SEL2 = "H"
100 100
80 80
7 60
[ N 60
(%) %)
40 40
40 220 0 20 40 60 80 100 0720 20 0 20 40 60 80 100
Ta (°C) . Ta (°C)
Note: The efficiency is fluctuated by an inductor of diode.
And the total efficiency falls for series regulator.
14. Oscillating frequency
14.1  Input voltage (VIN) 14.2 Temperature (Ta)
V=3V
1.40 T T 1 50
1.20 Ta=25°C — |
1.00 / 40 "1 =
* -]
Regulation 0.80 ] \\\ f 30
atViy=3V : \\ (kHz)
0.60 ~ ] 20
0.40
0.20 10
0.00 5 N 0
© 1234567 829101112 40 20 0 20 40 60 80 100
Vin (V) Ta (°C)
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STEP UP & DOWN VOLTAGE REGULATOR
S-8430AF

15. Output voltage of the switching regulator (Vsw) — Temperature

Based on the Vsw voltage at 25°C

10

AVSW /] \

(mV) -10 /

-40
-50
-40  -20 0 20 40 60 80 100
Ta("Q)
16. Output voltage (VouT) - Ambient temperature (Ta)
16.1 Voyr=3V 16.2 Voyr=5V
ViN=2V, loyr=30mA, Vin=3V, loyr =30 maA,
31 SEL=L, ON/OFF=H 5.1 SEL2 = ON/OFF=H
3.0 5.0
AVour _ AVour
V) v) -
29 49
2.8 4.8
40 20 0 20 40 60 80 100 -40 .20 0 20 40 60 80 100
Ta (°Q) Ta (°C)
17. Output current in the minimum input voltage (loyt) — Output voltage (VouT)
17.1 Voutr=3V, SEL=L, ON/OFF=H 17.2 Voyr=5V, SEL2=ON/OFF=H
Vin=0.9V, L=100 zH (FL5H101K), Vin=0.9V, L=100 xH (FLSH101K),
Di: DINS4, Ta=25°C Di: DINS4, Ta=25°C
5.0

3.0 4.0
V Vour \ 3.0 \\\

(v) 20 P Vour
\ M 20 \

N

1.0 \ 1.0 . \
0 0 .
5 10 15 20 5 10 15 20
lout (MA) lout (MA)

18. Rising/falling time of switching transistor (M1)

18.1 Rising time (ton) —Ambient temperature (Ta) 18.2 Falling time (torF) — Ambient temperature (Ta)
(Typ.) (Typ.)
100 P 800 i
80 700
60 tore 600
ton (ns)
(ns) 49 500 —
//
20 400
0 300
40 20 0 20 40 60 80 100 40 .20 0 20 40 60 80 100
Ta (°C) Ta (°C)
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