Regulator ICs

3-channel switching regulator controller
BA9706K

The BA9706K is a 3-channel switching regulator controller that uses a pulse width modulation (PWM) system. Chan-
nels 1 and 2 are designed for driving PNP transistors, and channel 3 is designed for driving NPN transistors.

@Applications
DC-DC converters in camcoders, notebook comput-
ers, and word processors

@Features

1) Reference voltage precision is 1% : output 4) Undervaltage lockout (UVLQ) circuit is built in.
stages are based on the push-pull method (resem- 5} Dead timer controller is included in channels 1 and
bling the totem-pole method), and ON/OFF cur- 3 to allow various applications.

rents can be set independently.

2) Timer latch circuit protects the IC against short-cir-
cuiting.

3) Pins allow ON/QFF control of channel 3 only, or ail
channels at once.

@Absolute maximum ratings (Ta=25T)

Parameter Symbol Limits Unit
Power supply voltage Ve 20 v
Power dissipation Pd 400* mw
Operating temperature Topr —25~75 c
Storage temperature Tstg —55~125 C

% Reduce power by 4 mW for each degree above 25°C.

@®Rscommended operating conditions

Parameter Symbol Limits ‘ Unit
Operating power Vo 3.6~18* v
supply voltage )

%1 Should not excesd the Pd-value.
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Regulator ICs BA9706K
®Block diagram
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Regulator ICs BA9706K

®Pin descriptions
Pin No. Pin name Function

1 IN2t Channel 2 error amplifier non-inverted input pin

2 IN2— Channel 2 error amplifier inverted input pin
Channel 2 error amplifier output pin;

3 FB2 gain setting and phase compensation are controlled by
connecting a resistor and capacitor between this pin and the IN2 ~pin

4 [e)¢ Channel 2 output transistor off current setting pin;
off current of the output transistor is set by connecting a capacitor

5 Oxz between the OX2 and OY2 pins

6 oY1 Channel 1 output transistor off current setting pin;
off current of the output transistor is set by connecting a capacitor

7 Ox1 between the OX1 and OY1_pins
Channel 2 output current setting pin;

8 VE2 output current of the OUT2 pin is set by connecting a resistor
between this pin and GND

9 ouT2 Channel 2 output pin
Channel 1 rest period setting pin;

10 DTCH the rest period of channel 1 is set by dividing the VREF pin voitage
with external resistors; a soft start is possible by connecting a capacitor
between this pin and VREF

11 OUT1 Channel 1 output pin
Channel 1 output current setting pin;

12 VE1 output current of the OUT1 pin is set by connecling a resistor
between this pin and GND

13 GND Ground pin {0 V}

14 Veeot,2,9 Output drive powar supply pin

15 OouT3 Channel 3 output pin

16 VE3 Channel 3 output current setting pin; output current of OUT3 is set by
connecting a resistor between this pin and GND

17 Ox3 Channel 3 output transistor off current setting pin; off current of the output

18 oY3 transistor is set by connecting a capacitor between the OX3 and OY3 pins
Channel 3 rest period setting pin; the rest period of channel 3 is set by

19 DTC3 dividing the VREF pin voltage with external resistors; a soft start is
possible by connecting a capacitor between this pin and VREF
Channel 3 error amplifier output pin; g

20 FB3 ain setting and phase compensation are controlled by connecting a
resistor and capacltor between this pin and the IN3  pin

21 IN3~ Channel 3 error amplifier inverted input pin

22 IN3+ Channel 3 error amplifier non-inverted input pin

23 CTL2 Channel 3 ON/OFF pin; channel 3 operates when the pin is HIGH level, and
ceases operation at LOW level; this pin is valid when CTL1 is LOW level

24 CTLY Standby mode selection pin; reference voltage and all channel operations
stop at HIGH level, and all channels operate at LOW level

25 Voo Power supply pin

26 VREF Reference voltage output pin; 2.48 V (typical)
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Pin No. | Pin name Function
Pin for connecting a frequency setting capacitor in the triangular wave
27 CT oscillation circuit; triangular wave oscillation frequency is set by
connecting a capacitor between this pin and GND
Pin for connecting a frequency setting resistor in the short-circuit
28 RT oscillation circuit; triangular wave oscillation frequency is set by
connecting a resistor between this pin and GND
Pin for connecting a time-constant setting capacitor in the short-circuit
29 SCP protection circuit; time constant for the timer-latched, short-circuit
protection circuit is set by connecting a capacitor between this pin and GND
30 IN1+ Channel 1 error amplifier non-inverted input pin
N IN1— Channel 1 error amplifier inverted input pin .
Channel 1 error amplifier output pin; gain setting and phase compensation
32 FB1 are controlled by connecting a resistor and capacitor between this pin
) and the IN1pin

@Equivalent circuit

(ouT1)

PWM COMP

QuT2

(ouT2)
O Ve 1,23 QO Vec 1,23
100 F2k

O oxi O Ox2
PWM COMP 210 ove

fo oY1 1 %E o

Vref
—O ouri o

l VE1 l VE2
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Regulator ICs : BA9706K

@CElectrical characteristics (Unless otherwise noted, Ta=25C and Voo=6.0V) * CT=330P, AT=5.1kN

Parameter Symbol Min. Typ. Max. Unit Conditions
[Total device)
Average current cumsumption Joc - 45 7.0 mA | When output is OFF
Standby current cumsumption Iste - 6 11 pA
[Reference voltage section]
Qutput voltage VREF 2435 | 2460 | 2.485 \2 IREF=—0.7mA
Line regulation Dvi - —4 —10 mV | Vec=3.6—18V
Load regulation 1 Dvion — 0.5 4 mV IREF=—0.1>—1mA
Load regulation 2 Dvia2 — 5 10 mvV IREF=—0.1——10mA
[ Triangular wave oscillation section]
Oscillation frequency 1 fosct — 514 - kHz | CT=330pF, RT=5.1kQ
Frequency variation 1 (Vcc) Drves — - 1 3;;%3285 BCT_SSH(Q'
Oscillation waveform upper limit voltage 1 VosH1 1.89 1.99 2.09 Vv CT=330pF, RT=5.1k
Oscillation waveform lower limit voltage 1 VosL1 1.34 1.46 1.56 v CT=330pF, AT=5.1kQ
Oscillation frequency 2 fosce — 790 - kHz CT=180pF, AT=5.1kQ
Frequency variation 2 (Voc) Drvea —1 - 1 % 3::11: g‘lﬁ BI:lIT—5.1kQ.
Oscillation waveform upper limit voltage 2| Vosme 1.91 2.01 2.11 v CT=180pF, AT=6.1kQ
Osciltation waveform lower limit vollage 2 VosLz 1.33 1.43 1.53 Vv CT=180pF, RT=5.1kQ
[Error amplifier section]
input offset voltage Vo - 2 6 mV
Input offset current lio - 2 30 nA
Input bias current lnias — 40 100 nA
Maximum input voltage Vem 1.6 — — v
Open loop gain Av 60 78 - dB
Common mods rejection ratio CMRA 60 90 — dB
Maximum output voltage + Voms  [VRer—D3 2.41 — v
Maximum output voltage — Vow-- — 760 900 mvy
Output sink current lom+ 2.0 2.4 — mA VFB=1.6V
Output source current Jom~ —60 —88 - #A | VFB=16V
[PWM comparator section]
Input threshold voltage 1 V1o 1.89 1.99 2.09 v Duty ratio = 0% *
Input threshold voltage 2 Vrioo 1.34 1.46 1.56 Vv Duty ratic = 100% *
[Dead time control section]
Input threshold voltage 1 Voo 1.89 1.99 2.09 \ Duty ratio = 0% (channel 3)  *
Input threshold voltage 2 Voo 1.34 1.46 1.66 A Duty ratio = 100% (channel 3) *
Input bias current ) - 0.40 0.84 uA | VDTC=2.0V
Source current when Channel 3 is OFF Ioors —100 | —420 - phA | VDTC=1.5V
Latch mode source current loum —230 | —580 - pA | VOTC=15V
[Protection circult section] ‘
Input threshold voltage Vi 1.72 1.86 2.00 v
Input standby voltage Vste - 23 80 mYy
Input latch voltage Vit — 21 80 mv
Input source current lscp 1.1 2.2 3.1 ph
Comparator threshold voltage Ve 1.16 1.25 1.34 A
[Output section]
OUT1,2 sink current lotz 10 20 30 mA RE1=RE2=33Q Vcc1,:=6V
QUT3 source current lo3 —6 —12 —18 mA RE3=2.7kQ Vcca=6Y
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]
@Electrical characteristics (Unless otherwise noted, Ta=25C and Vcc=6.0V) % CT=330P, RT=5.1kQ
Parameter Symbol | “Min. Typ. Max, Unit Conditions

[Control section]

CTL1 ON condition “Von1 3.2 - — \'J

CTL1 OFF condition VorF1 — - 2.8 \%

CTL1 pin current - lcTus 30 70 110 gA | Veru=5V

CTL2 ON condition Vonz 2 — - v Operating mode

CTL2 OFF condition VoFFz - — 1 \ Operating mode

CTL2 pin current lcTie 30 70 110 KA Operating mode, Vcre=5V

[U.V.L.O circuit section}

Threshold voltage (VREF) Vura 1.85 2.0 2.15 N

Threshold voltage (Vcc) Vure 2.6 2.8 3.0 \i

@Guaranteed slectrical characteristics (Unless otherwise noted, Ta=25C and Vcc=6.0V)

Parameter Symbol Min. Typ. Max. Unit Conditions
OUT1, 2 source current lo1z — —50 — mA Co=1000pF
OUT 3 sink current los - 50 - mA Co=1000pF

@Circuit operation

1) Voltage regulator {refarence power supply section)
Using the power supply voltage fed from Vcc (pin 25),
the voltage regulator provides a reference voltage sta-
bilized at 2.5V as the IC internal circuit operating volt-
age. This voltage is also output from VREF (pin 26). By
setting CTL1 (pin 24) to HIGH, the VREF output can be
turned OFF and the whole IC can be put in a standby

state.

Vee

VREF pin IfO equivalent circuit

VREF

2) Triangular wave oscillator
This circuit emits triangular waves to the PWM
comparator. A triangular wave is generated by charg-
ing and discharging the timing capacitor connected to
CT (pin 27), at a set current value determined by the
RT (pin 28) resistor.

Standard ranges for CT- and AT-values
RT : 5.1kQ ~100kQ2
CT : 100pF~0.22 uF

VREF

AN,
v

AAA
YV

Triangle oscillator VO equivalent circuit

77\7. RT cT
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3) Error amplifier

Output voltage is detected by returning the final output
stage {load side) of the switching regulator to one in-
put of the amplifier, and providing the reference volt-
age (VREF) divided by resistors to the other input.

You can set the loop gain arbitrarily by connecting a
feedback resistor between the FB and IN~ pins. We
normally recommend using an AC error amplifier feed-

VHEF VREF

"] B

INT

Error AMP 1/O equivalent circuit

4) Timer-latched, short-circuit protection circuit -

This circuit prevents the occurrence of excess load in
the final output stage of the switching regulator. Q1
turns OFF when FB is below 1/2VREF (1.25V), and the
charging of the external capacitor connected to SCP
(pin 29) starts with a constant current of Iscp = 2.2 u A,
This state continues until the voltage increases to the
level at which Q3 turns ON (Vir = 1.8V} to set the latch.
As a resuit, the output stage turns OFF and DTC3 {pin
19) switches to HIGH. Furthermore, the capacitor dis-

1 Sisce

COMP

FB

1/2VREF O

71’ SCP
?

back system consisting of a capacitor and resistor.

Note that the channel-3 error amptifier can be turned
OFF separately by setting CLT2 (pin 23) to LOW ; the
channel-3 error amplifier turns OFF as a result. Be-
cause DTC3 (pin 19) is reset to HIGH at the same time,
the soft start mode is reactivated (see also the "PWM

comparator” section).
Note: that CTL1 and CTL2 have opposite logic characterlstics.

CTL1, 2

CTL1, 2 /O aequivalent circuit

charges when Q2 turns ON.,

This protection state can be reset, once the CLT1 or
Vee pinis turned OFF. The timer can be set arbitrarily
by changing the capacitance of the capacitor con-
nected to the SCP pin, so that erroneous operations
resulting from power rising or transitional load variation
can be avoided.

Tirme setting of timer latch

T = VuC/(8)
Raset Pulse
R Q
a3 Latch
S

Protector equivalent circuit
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5) Pulse width modulation comparator

The FB, DTC1 (channel 1), and DTC3 (channel 3) pins
are for inverted input, and the CT pin is for non-in-
verted input. The output transistor (CUT pin) turns on
when the triangular wave voltage (CT pin) is higher
than both the error voltage (FB pin) and the dead-time
control voltage (DTC3 pin). Therefore, the rest period
can be adjusted by setting the dead time control volt-
age between the lower and upper limits (Vos. and Vosn}
of oscillation waveform voltage, by using the reference
voltage (VREF) divided by resistors. Also, a soft start
when turning on the power is possible by connecting a
capacitor between the reference voltage pin and each
ofthe DTC1 and DTC3 pins. In step-up and fly-back
applications, the dead time control voltage is generally
set to a value that results in a duty ratio of about 50%.

cT DTC3

R }——

PWM comparator /O equivalent circuit

7) Channel 3 output stage

Though the totem-pole output is employed, a fly-
back/step-up output application can he compactly
configured. On current is set as a constant and off cur-
rent is set by a time constant, so that direct operation
of NPN transistors is possible. Each output current is
set by aresistor connected to VE3 (pin 16) and a ca-
pacitor connected between CX3 (pin 17) and CY3 (pin
18). .

On current is nearly equal to 30/R (A)

Off current is nearly proportional to C

6) Channels 1 and 2 output stages

Though the totem-pole outputis employed, a step-
down output application can be compactly configured.
On current is set as a constant and Off current is set by
atime constant, so that direct operation of PNP tran-
sistors is possible. Each output current is set by a re-
sistor connected to the VE pin and a capacitor con-
nected between the CX and CY pins.

On current is nearly equal to 0.7/R (A)

Off current is nearly propaortional to C

CcX cy
? F Vee
Oft Current
Regulator
ouT
VE

Qutput stage CH1, 2 equivalent circuit

VE3

I? Vcees
On Current
Regulator .

t——{ Joura

m

Off Current
Regulator

.

CX3 Cy3
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@Precautions for use

1) Make sure to use a voltage less than the maximum 4)
rating. An excessive voltage input can cause dam-
age to the IC.

2) The error amplifier output (FB pin) of any unused
channel is set to HIGH, by connecting the IN* and
IN— input pins to VREF and GND, respectively.

3) Make sure that the sum of the consumed power at
each output plus the power dissipated due to the
bias current does not exceed the total power dis-
sipaticn of the IC.

@Eiectrical characteristic curves

Caution is required regarding electromagnetic in-
terference in the switching regulator, because the
control transistor functions as a switch. Practically,
there will be no problem if proper caution is taken
in grounding, wiring, and shielding.
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@ Application example
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QUTPUT

(Sumida Electronics)

(Sumida Elactronics)
{ROHM)
{ROHM)
{ROHM)
(ROHM)
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@External dimensions (Units: mrm)

QFP32
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Notes

@ The contents described in this catalogue are correct as of March 1997,

@ No unauthorized transmission or reproduction of this book, either in whole or in part, is
permitted.

@ The contents of this book are subject to change without notice. Always verify before use
that the contents are the latest specifications. If, by any chance, a defect should arise in
the equipment as a result of use without verification of the specifications, ROHM CO,, LTD.,
can bear no responsibility whatsoever.

@ Application circuit diagrams and circuit constants contained in this data book are shown
as examples of standard use and operation. When designing for mass production, please
pay careful attention to peripheral conditions. '

@ Any and all data, including, but not limited to application circuit diagrams, information, and
various data, described in this catalogue are intended only as illustrations of such devices
and not as the specifications for such devices. ROHM CO., LTD., disclaims any warranty
that any use of such device shall be free from infringement of any third party's intellectual
property rights or other proprietary rights, and further, assumes absalutely na liability in the
event of any such infringement, or arising from or connected with or related to the use of
such devices.

@ Upon the sale of any such devices; other than for the buyer's right to use such devices
itself, resell or otherwise dispose of the same; no express or implied right or license to
practice or commercially exploit any intellectual properfy rights or other proprietary rights
owned or controlled by ROHM CO., LTD., is granted to any such buyer.

@ The products in this manual are manufactured with silicon as the main material.

@ The products in this manual are not of radiation resistant design.

The products listed in this catalogue are designed to be used with ordinary electronic squip-
ment or devices (such as audio-visual equipment, office-automation equipment, communica-
tions devices, electrical appliances, and electronic toys). Should you intend to use these prod-
ucts with equipment or devices which require an extremely high level of reliability and the
malfunction of which would directly endanger human life (such as medical instruments, trans-
portation equipment, aerospace machinery, nuclear-reactor controllers, fusl controllers, or oth-
er safety devices) plsase be sure to consult with our sales representatives in advance.

@ Notes when exporting

* It is essential to obtain export permission when exporting any of the above products
when it falls under the category of strategic material (or labor) as determined by foreign
exchange or foreign trade control laws.

* Please be sure to consult with our sales representatives to ascertain whether any prod-
uct is classified as a strategic material.




