Regulator ICs

BA9706K

3-channel switching regulator controller

The BA9706K is a 3-channel switching regulator controlier 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
stages are based on the push-pull method (resem-
bling the totem-pole method), and ON/OFF cur-
rents can be set independently.

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

3) Pins allow ON/OFF contro! of channel 3 only, or all
channels at once.

@Absolute maximum ratings (Ta=25C)

4) Undervoltage lockout (UVLO) circuit is built in.
5) Dead timer controller is included in channels 1 and
3 to allow various applications.

Parameter Symbol Limits Unit
Power supply voltage Vce 20 \'
Power dissipation Pd 400* mwW
Operating temperature Topr —25~75 c
Storage temperature Tstg —55~125 c
* Reduce power by 4 mW for each degree above 25C.
@Recommended operating conditions
Parameter Symbol Limits Unit
Opersting pover Voo 3.6~18%" v

*1 Should not exceed the Pd-value.
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Regulator ICs BA9706K
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@Pin descriptions
Pin No. Pin name Function
IN2+ Channel 2 error ampilifier 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 oY2 Channel 2 output transistor off current setting pin;
off current of the output transistor is set by connecting a capacitor

5 ox2 between the OX2 and OY2 pins

6 ovi 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 QuUT2 Channel 2 output pin
Channel 1 rest period setting pin;

10 DTC1 the rest period of channel 1 is set by dividing the VREF pin voltage
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 connecting a resistor
between this pin and GND

13 GND Ground pin (0 V)

14 Veet, 2,3 Output drive power supply pin

15 ouUT3 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 OXx3 Channel 3 output transistor off current setting pin; off current of the output

18 oY3 transistor is set by connecting a capacitor between the OX8 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 capacitor 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

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

25 Vce Power supply pin

26 VREF Reference voltage output pin; 2.48 V (typical)
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Pin No. | Pinname 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

31 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

(ouT2)
O Veec 1,23
100 T2
O Ox2
PWM COMP ov2
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l VE2
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Regulator ICs B 7828999 0018483 152 WA BA9S706K

@Electrical characteristics (Unless otherwise noted, Ta=25T and Vcc=6.0V) % CT=330P, RT=5.1kQ

Parameter Symbol Min. Typ. Max. Unit Conditions
[Total device]
Average current cumsumption lcc - 4.5 7.0 mA When output is OFF
Standby current cumsumption Ist - 6 11 pA
[Reference voltage section])
Qutput voltage VREF 2435 | 2460 | 2.485 \ IREF=—0.7mA
Line regulation Dwvit - —4 =10 mV Vcc=3.6—18V
Load regulation 1 Dwiot - 0.5 4 mV IREF=—0.1-—1mA
Load regulation 2 Dwvioz - 5 10 mV IREF=—0.1—=—10mA
[Triangular wave oscillation section]
Oscillation frequency 1 fosct - 514 — kHz CT=330pF, RT=5.1kQ
Frequency variation 1 (Vec) Drvet —1 - 1 % 3:;___3; gEf1 8I\R/T—551 ka,
Oscillation waveform upper limit voltage 1 VosH1 1.89 1.99 2.09 \ CT=330pF, RT=5.1kQ
Oscillation waveform lower limit voltage 1 Vosti 1.34 1.46 1.56 \ CT=330pF, RT=5.1kQ
Oscillation frequency 2 foscz - 790 - kHz | CT=180pF, RT=>5.1kQ
Frequency variation 2 (Vcc) Drvcz —1 — 1 % SICJSS gE,Fi 8l\:{IT 5.1kQ,
Oscillation waveform upper limit voltage 2 |  Vosh2 1.91 2.01 2.11 \'J CT=180pF, RT=5.1kQ
Oscillation waveform lower limit voltage 2 VosL2 1.33 1.43 1.53 \ CT=180pF, RT=5.1kQ
[Error ampilifier section}]
Input offset voltage Vio - 2 6 mV
Input offset current o . - 2 30 nA
Input bias current Isias - 40 100 nA
Maximum input voltage Vem 1.6 — — Vv
Open loop gain Av 60 78 — dB
Common mode rejection ratio CMRR 60 90 — dB
Maximum output voltage + Vom+ |VRer—0.3 2.41 — \
Maximum output voltage — Vom— — 760 900 mV
Qutput sink current lom+ 2.0 24 - mA VFB=1.6V
Qutput source current fom— —60 —88 - uA VFB=1.6V
[PWM comparator section]
Input threshold voltage 1 V1o 1.89 1.99 2.09 \ Duty ratio = 0% *
Input threshold voltage 2 VTi00 1.34 1.46 1.56 \ Duty ratio = 100% *
[Dead time control section]
Input threshold voltage 1 Voo 1.89 1.99 2.09 \ Duty ratio = 0% (channel 3) *
Input threshold voitage 2 VD100 1.34 1.46 1.56 Vv Duty ratio = 100% (channel 3) *
Input bias current loa - 0.40 0.84 A | VDTC=2.0V
Source current when Channel 3 is OFF Ioora —100 | —420 = #A | VDTC=1.5V
Latch mode source current Iom —230 | —580 - pA | VDTC=1.5V
[Protection circuit section]
Input threshold voltage Vri 1.72 1.86 2.00 \
Input standby voltage Vst — 23 80 mV
Input latch voltage Vit — 21 80 mV
Input source current Isce 1.1 2.2 3.1 KA
Comparator threshold voltage Ve 1.16 1.25 1.34 Vv
[Output section]
QUT1,2 sink current loi2 10 20 30 mA RE1=RE2=33Q Vcci,2=6V
OUT3 source current los —6 —12 —18 mA RE3=2.7kQ Vcca=6V
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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 Voni 3.2 — — Vv
CTL1 OFF condition VorF1 — — 2.8 Vv
CTL1 pin current leTL 30 70 110 A Verii=5V
CTL2 ON condition Vone 2 — — \'; Operating mode
CTL2 OFF condition VorrFz — — 1 \ Operating mode
CTL2 pin current [[e3(® 30 70 110 rA Operating mode, Verie=5V
[U.V.L.O circuit section}

Threshold voltage (VREF) Vutr 1.85 2.0 2.15 \
Threshold voltage (Vcc) Vutc 2.6 2.8 3.0 \'4
@Guaranteed electrical characteristics (Unless otherwise noted, Ta=25C and Vee=6.0V)

Parameter Symbol Min. Typ. Max. Unit Conditions
OUTH, 2 source current lot2 — —50 — mA Co=1000pF
OUT 3 sink current los — 50 — mA Co=1000pF

@Circuit operation

1) Voltage regulator (reference 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.

VREF

VREF pin I/O equivalent circuit

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 RT-values
RT : 5.1kQ ~100kQ
CT : 100pF~0.22 F

VREF

AAA
Wy

RT CT

Triangle oscillator IO equivalent circuit
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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 ampilifier, 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-

VREF VREF

INt
IN—

7T

Error AMP /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 zA.
This state continues until the voltage increases to the
level at which Q3 turns ON (Vir = 1.8V) to set the latch.
As a result, the output stage turns OFF and DTC3 (pin
19) switches to HIGH. Furthermore, the capacitor dis-

COMP
FB

1/2VREF a

l SCP

' éISCP

Q1 Q2

back system consisting of a capacitor and resistor.

Note that the channel-3 error amplifier 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 characteristics.

CTL1, 2

CTL1, 2 I/O equivalent circuit

charges when Q2 turns ON.

This protection state can be reset, once the CLT1 or
Vee pin is 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.

Time setting of timer latch

T =VuC/(S)
Reset Pulse
R Q
o3 Latch
S

Protector equivalent circuit
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5) Pulse width modulation comparator

The FB, DTC1 (channel 1), and DTCS3 (channel 3) pins
are for inverted input, and the CT pin is for non-in-
verted input. The output transistor (OUT 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
of the DTC1 and DTCS 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%.

CcT DTC3

m}—

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 be 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 a resistor 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

BA9706K

6) Channels 1 and 2 output stages

Though the totem-pole output is employed, a step-
down output application can be compactly configured.
On current is set as a constant and Off current is set by
a time constant, so that direct operation of PNP tran-
sistors is possible. Each output current is set by are-
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 proportional to C

CX cYy
? F Vcee
Off Current
Regulator
out
VE

Output stage CH1, 2 equivalent circuit

VE3

F Vcces

On Current
Regulator

ouT3

Off Current
Regulator

0o

CX3 Ccvy3
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@Precautions for use

1)

2)

3)

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

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.
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-

BA9706K

4) 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.

sipation of the IC.

@Electrical characteristic curves
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@ Application example
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T1 CMD-8LR

6316-JPS-001

L1, L2 CMD74
D1 RB400D
Q1 28D2150
Q2 UMW1

Q3, Q4 MPL1

{Sumida Electronics}

(Sumida Electronics)
(ROHM)
(ROHM)
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@External dimensions (Units: mm)

QFP32
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