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B LOW VOLTAGE DUAL PWM SWITCHING REGULATOR CONTROLLER

The MB3775 is a dual pulse-width-modulation control circuit. It contains the basic circuits required for two PWM
control circuits. Complete synchronization is obtained by using the same oscillator output waveform.

This IC can provide following types of output voltage: step down, step up, and inverter. Power consumption is low,
thus the MB3775 is ideal for use in high-efficiency portable equipment.

B FEATURES

* Wide supply voltage range: 3.6 Vto 18 V

* Low current consumption: 1.3 mA typical

* Wide oscillation frequency range: 1 kHz to 500 kHz

* On-chip timer latch short protection circuit

* On-chip under voltage lockout protection

* On-chip reference voltage: 1.28 V

* Variable dead time provides control over total operating range.

* Two types of packages (SOP-16pin : 1 type, SSOP-16pin : 1 type)

H APPLICATIONS

e LCD monitor/panel
¢ Surveillance camera etc.

Copyright©1994-2010 FUJITSU SEMICONDUCTOR LIMITED All rights reserved FUJITSU
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B PIN ASSIGNMENT

(TOP VIEW)
crd1 16 [ Vrer
Rrd 2 15 [ SCP
+IN1[] 3 14 [ +IN2
-IN1[ 4 13 [ -IN2
FB1O 5 12 [ FB2
D.T.C10O6 11 AD.T.C.2

outid7z 10 [ OUT2

E/GND L] 8 9 M Vce

(FPT-16P-MO06)
(FPT-16P-MO05)
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H PIN DESCRIPTION

No. Pin Function

1 Cr Oscillator timing capacitor pin (150 pF to 15,000 pF) .

2 Rr  |Oscillator timing resistor pin (5.1 kQ to 100 kQ) .

3 +IN1 | Error amplifier 1 non-inverted input pin.

4 —IN1 | Error amplifier 1 inverted input pin.
Error amplifier 1 output pin.

5 FB1 | A resistor and a capacitor are connected between this pin and the —IN1 pin to adjust gain and
frequency.

OUT1 dead-time control pin.
6 DTC1 |Dead-time control is adjusted by an external resistive divider connected to the Vrer pin.
A capacitor connected between this pin and GND enables soft-start operation.

Open collector output pin.
7 OUT1 |OQutput transistor has common ground independent of signal ground.
This output can source or sink up to 50 mA.

8 E/GND |Ground pin.

9 Vce | Power supply pin (3.6 V to 18 V)
Open collector output pin.
10 OUT2 | Output transistor has common ground independent of signal ground.

This output can source or sink up to 50 mA.

Sets the dead-time of OUT2.
The use of this pin is the same as that of DTCA1.

11 DTC2

Error amplifier 2 output pin.

12 FB2 | A resistor and a capacitor are connected between this pin and the -IN2 pin to adjust gain and
frequency.

13 —IN2 | Error amplifier 2 inverted input pin.

14 + IN2 | Error amplifier 2 non-inverted input pin.

The time constant setting capacitor connection pin of the timer latch short-circuit

protection circuit.

15 SCP | Connects a capacitor between this pin and GND.

For details, see “@HOW TO SET TIME CONSTANT FOR TIMER LATCH SHORT-CIRCUIT
PROTECTION CIRCUIT".

1.28 V reference voltage output pin which can be obtained up to 1 mA.
This pin is used to set the reference input and idle period of the error amplifiers.

16 VRErF
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MB3775

H BLOCK DIAGRAM
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H OPERATION DESCRIPTION

1.

Reference voltage

The reference voltage circuit generates a stable, temperature-compensated 2.5 V reference from Vcc pin (pin
9) for use by internal circuits.
A reference voltage of temperature compensated 1/2 Vrer can be obtained to external circuit by Vrer pin (pin 16).

Oscillator

A triangular waveform of any frequency is obtained by connecting an external capacitor and resistor to the Cr
pin (pin 1) and Rt pin (pin 2).

The amplitude of this waveform is from 1.3 V to 1.9 V. The oscillator is internally connected to the non-inverting
inputs of the PWM comparators. The oscillator waveform is available at the Cr pin (pin 1).

Error amplifiers

The error amplifier detects the output voltage of the switching regulator.

The common-mode input voltage range is —0.2 V to 1.45 V, so the input reference voltage can be set the Vrer
pin (pin 16) and GND pin levels. Error amplifiers can be used as either inverting and non-inverting amplifiers.
The voltage gain is fixed. Phase compensation is possible by connecting a capacitor to the FB pins (pins 5 and
12) of the error amplifiers.

The error amplifier output are internally connected to the inverting inputs of the PWM comparators and also to
the short protection circuit.

Timer latch short protection circuit

The timer latch short protection circuit detects the output levels of the error amplifiers. If one or both error amplifier
outputs are 1.1 V or lower, the timer circuit begins charging the externally connected protection enable capacitor.
If the output level of the error amplifier does not drop below the normal voltage range before the capacitor voltage
reaches the transistor base-emitter voltage Vse (= 0.65 V), the latch circuit turns the output drive transistor off
and sets the dead time to 100 %.

Under voltage lockout protection circuit

An ambiguous transition state at power-on or a momentary fluctuation in the supply line may result in loss of
control and may adversely affect or even destroy the system. The under voltage lockout protection circuit com-
pares the internal reference voltage level with the supply voltage level. If the supply voltage level falls below the
reference level the latch circuit is reset the output drive transistor is turned off and the dead time is set to 100%.
The protection enable pin (pin 15) is pulled “Low”.

PWM comparator

Each PWM comparator has two inverting inputs and one non-inverting input. This voltage-to-pulse-width con-
verter controls the output pulse width according to the input voltage.

The PWM comparator turns the output drive transistor on when the oscillator triangular waveform is higher than
the error amplifier output and the dead time control pin voltage.

Output drive transistor

The open-collector output-drive transistors provide common-emitter output of 18 V dielectric capability. The
output drive transistors can source up to 50 mA of drive current to the switching power transistor.
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B ABSOLUTE MAXIMUM RATING

Rating
Parameter Symbol Condition - Unit
Min Max

Power Supply Voltage Vce — — 20 \Y

Error Amp Input Voltage Vi — -0.3 +10 \

Collector Output Voltage Vo — — 20 \
Collector Output Current lo — — 75 mA
L Ta<+25 °C(SOP) — *620 mwW

Power Dissipation Pp

Ta<+25 °C(SSOP) — *430 mwW

Operating Ambient Temperature Ta — -30 +85 °C
Storage temperature Tstg — -55 +125 °C

*: The packages are mounted on the epoxy board (4 cm x 4 cm x 1.5 mm).

WARNING: Semiconductor devices can be permanently damaged by application of stress (voltage, current,

temperature, etc.) in excess of absolute maximum ratings. Do not exceed these ratings.

B RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Value Unit
Min Typ Max

Power Supply Voltage Vcc 3.6 6.0 18 \Y,
Error Amp Input Voltage Vi -0.2 — +1.45 \Y
Collector Output Voltage Vo — — 18 \Y
Collector Output Current lo 0.3 — 50 mA
Phase Compensation Capacitor Ccp — 0.1 — uF
Timing Capacitor Ct 150 — 15000 pF
Timing Resistor RT 5.1 — 100 kQ
Oscillator Frequency fosc 1 — 500 kHz
Reference Voltage Output Current IREF -3 -1 — mA
Operating Ambient Temperature Ta -30 +25 +85 °C

WARNING: The recommended operating conditions are required in order to ensure the normal operation of
the semiconductor device. All of the device's electrical characteristics are warranted when the
device is operated within these ranges.
Always use semiconductor devices within their recommended operating condition ranges.
Operation outside these ranges may adversely affect reliability and could result in device failure.

No warranty is made with respect to uses, operating conditions, or combinations not represented

on the data sheet. Users considering application outside the listed conditions are advised to contact

their representatives beforehand.

Q
FUJITSU
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B ELECTRICAL CHARACTERISTICS

MB3775
S

(Ta=+25 °C, VCC = 6 V)

Value
Parameter Condition Symbol - Unit
Min | Typ | Max
Output Voltage IOR = -1 mA VREF 1.26 | 1.28 | 1.30 Vv
Output Temp. Stability Ta=-30°C to +85 °C VRTC -2 +0.2 +2 %
Reference Input Stability Vcc=3.6Vtio18V Line — 2 10 mV
Section Load Stability loR=-0.1mAto-1mA | Load — 1 75 | mv
Short Circuit Output VREF =0V oS L 30 | -10 mA
Current
Under IOR =-0.1 mA VtH — 2.72 _ \V;
Threshold Voltage
Voltage 9 IoR = -0.1 mA Vi — | 260 | — Vv
Lockout —
Protection Hysteresis Width [orR =-0.1 mA VHYS 80 120 — mV
Section Reset Voltage (Vcc) — VR 1.5 1.9 — Y,
Input Threshold Voltage — VipC 0.60 | 0.65 0.7 \
Input Stand by Voltage No pull up VsTB — 50 100 mV
ggﬁ;ﬂon Input Latch Voltage No pull up Vi — 50 100 mV
Section Input Source Current — Ibpc -14 | -1.0 | -0.6 A
Comparator Threshold Pin 5. Pin 12 ViG o 11 o Vv
Voltage
. Oscillator Frequency CT1 =330 pF, Rt = 15 kQ fosc — 200 — kHz
Triangular
Waveform Frequency Deviation CT1 =330 pF, Rr =15 kQ fdev — 10 — %
gsci”ator Frequency Stability (Vcc) [Vec =3.6 Vo 18V fav — 1 — %
ection
Frequency Stability (Ta) |Ta=-30°C to +85 °C fdT -4 - +4 %
o VREF
Input Threshold Voltage |Duty Cycle =0 % Vto — 10| 545 V
(fosc= 10 kHz)
Duty Cycle = 100 % Vt100 0.2 0.4 — \Y
Dead-Time :
Control Input Bias Current — lodt — -0.2 -1 pA
Section Latch Mode Source Vdt=0.7 V ot — |-150| -80 | pA
Current
Latch Input Voltage Idt = —40 pA Vdt \_/(F;Ef — — \
(Continued)
o)
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(Continued)
(Ta=+25°C,Vcc=6V)
. Value
Parameter Condition Symbol - Unit
Min | Typ | Max
Input Offset Voltage Vo=16V Vio -10 — +10 mV
Input Offset Current Vo=16V llo -100 — +100 nA
Input Bias Current Vo=16V B -500 | -100 — nA
Common Mode Input |/ _ 36510 18 v VieR | 02 | — |+145| Vv
Voltage Range
Voltage Gain Av 84 120 — VIV
Error Amp ; —
Section Frequency Band Width |Av=-3dB BW — 3 — MHz
Common Mode
Rejection Ratio CMRR 60 80 o dB
Max Output Voltage Vom+ 22 | 24 | — v
Width VoM - 07 | 09 Vv
Output Sink Current Vo=16V oM+ 24 50 — LA
Output Source Current |Vo=1.6V lom- — -12 | -0.7 mA
Input Threshold Voltage |Duty Cycle =0 % Vio — | 19 | 21 v
F’W'\f Com- | (fosc=10 kHz) Duty Cycle = 100 % Vtioo | 1.05 | 13 | — Y
arator
gection Input Sink Current Pin5,Pin12=16V lIN+ 24 50 — pA
Input Source Current Pin5, Pin12=16V lIN- — -1.2 | -0.7 mA
Output Leak Current Vo=18V Leak — — 10 pA
Output o S .
Section utput Saturation lo=50 mA vear | — | 11| 14 | v
Voltage
Stand by Current Output “OFF” Iccs — 1.3 1.8 mA
Average Supply Current RT =15 kQ ICCa — 1.7 2.4 mA

(o)
FUJITSU
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MB3775

B TEST CIRCUIT

INPUT Vcec=6V
TEsTO O O
sw
—o/o—l—
47 kQ
CpPE —W—
m I . O ouTPUT 1
4.7 kQ
' | T—w,—o—o OUTPUT 2
16 15 14 13 12 11 10 9
—¢ MB3775
1 2 3 4 5 6 7 8
0.1uF ==
330 pF = =15kQ
nm n m nm
TesTQO O
INPUT

B TIMING CHART (Internal Waveform)

Error Amp output
Triangular waveform oscillator output "\
19V - -3 -7 N

Dead Time PWM iy -
input voltage ——1.5V 7_T "> 7 Y /

1.3V
Short circuit protection {1y - = = Y ==
comparator Reference 1 1 1 1 1
input ] 1 1 1 |
PWM comparator High —:I |_| |_| ” | | | | :l | : | | I
output “‘Low” = = =
o P - H;vr: o~ LOCK-OUT ! ! DEAD TIME 100%
utput Transistor - I_l—"l—l J_Ll_'—
collector waveform “Low” - _TI_I |_| |_| |_| | | | | : : | | :
i 1 1 1 1
BY - s e e e e e e m mm e m e m S — e m - - - T AT
SCP Pin 0.6 ! :/l\ [ [
waveform oV L ! tPE
o ! Lo | !
Short circuit protection High” - 1
comparator output “Low' - - - L e e e e e e e e e oo J_I
]
|/ LOCK-OUT CANCEL
Power supply voltage 3.6V ----
(Vce : Min Value) | 2.8 V (Typ Value)
oV --—

Protection Enable Time tPE = 0.6 x 108 x CPE (s)
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MB3775

B APPLICATI

ON CIRCUIT

Fig. 1 - Chopper Type Step Down/Inverting
VIN (10 V)
820 pF Q
1 51—
10 kQ 0.1 uF
+H— 2 | [ 15 ] i
¢———— 3] [ 14 ] ’
2.3kQ Lin—s §| 56 uH
A o I
w—e 1 4 MB3775 E_01 “1F.9 kQ
33 kQ 0.1 uF 33 kQ +
W * {6 11 — &
- 33 kQ 220 uF
N '»w—l — 7| 10}
1 uF
33 kQ [s [ 91
1
+ —_
e 5.6 kQ
1wk 330 Q W
330 Q 470.Q
470 Q {
120 pH
S LA ]
x 120 uH
i Nt Nt %l
N N
9.1kQ (() 220 uF QO 220uF (T)
Vo (=5 V) GND Vo© (+5 V)
Fig. 2 - Chopper Type Step Up/Inverting
Vin (5V)
820 pF ‘
7 16 |—1 @)
10 kQ 0.1 uF
+—— 2 | [15] I}
15 a1 ’
2.3k | L 3| soun
‘ 1.9 kQ
4 MB3775 EH o
+——_5] B |
33 kQ LT — 33 kQ .
) 33 kQ‘l L5 L Wr N [
+ p—
| 220 uF
N —( 7] (70 ] ’
1 uF ‘
33kQ 8] o1
<
N4 16 kQ
1uF 330 Q — W
SokQF | 120uH§|
% 120 uH <
T 100 Q 4
X . 4
W N N
9.1 kQ 220 uF O 220 uF O
Vo'(-5 V) GND Vot (+12 V)

(o)
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(Continued)

Fig. 3 - Chopper Type Step Up/Inverting (For High Speed)
820 pF | Vin (5 V)
1 16
10 kQ 0.1 uF Q
2 51 i
3 14 |
2.3kQ 14 T—‘M—‘ §| 56 uH
[ 2 w,—r I 1.9 kQ
1 4 | MB3775 E_
—— 5 [ 12—
01pF | 0.1 uF -+
6 11 —H—.
KQ Lo |
> 33kQ 220 pF
— 7 | [ 10 W
—— 15 (5] e
470 Q =
®
470 Q
220Q  “zgiyF
+
470 Q 470 Q 33 KQ = 330 pF
120 uH 33 kQ
£ 1A ®
—_ N +
3o N
' Vo (-5 V) 220 uF GND
Fig. 4 - Multi Output Type (Apply Transformer)
820 pF Vin (10 V)
1 e—¢
10 kQ 0.1 uF
15 1
—W—_ 2| [ 15§ if 56 kO 56 uH
| =11
1.3 | |14 | 1.9 kQ) F
: | LAAF. 0.1
4 MBS775 E_‘ 0.1 u|:
=] e | -
[ 33k " ~ 1.8 kQ
‘ 220 uF )
] i s LA
‘ 33kQ
(7] [0}
‘ 220 Q
T—|I [o]
v . W
N7 N7 N7 l N7
N N N N
220 uF 220 uF 220 uF 220 uF
Voz® Vot~ GND Voz* Voi*
(-12V) (-5V) +5V) +12V)
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MB3775

B HOW TO SET OUTPUT VOLTAGE
The output voltage is set using the connection shown in Fig. 5 and 6.
The error amplifiers are supplied to the internal reference voltage circuit as are the other internal circuits. The
common-mode input voltage range is from -0.2 V to +1.45 V.
When the amplifiers are operated non-inverting, tie the inverting pin to Vrer (= 1.28 V). When the amplifiers are
operated inverting, tie the non-inverting pin to ground.
Fig. 5 -Connection of Error Amp
Output Voltage Vo is plus
R2
W [> Vo*[Vo'= VREF X (1 + Re/R1)]
® +
PIN 5 or PIN 12
Ri= Jj _
VREF
7w
Fig. 6 -Connection of Error Amp
Output Voltage Vo is minus
R2
My D Vo [Vo- = —=VREF X (R2/R1)]
.— —_
PIN 5 or PIN 12
Ri= Jr— +
4
VREF
(o)
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B HOW TO SET TIME CONSTANT FOR TIMER LATCH SHORT PROTECTION CIRCUIT

TIMING CHART shows the configuration of the protection latch circuit.

Error amplifier outputs, are internally connected to the non-inverting inputs of the short-circuit protection com-
parator and are compared with the reference voltage (1.1 V) connected to the inverting input.

When the load condition of the switching regulator is stable, the error amplifier has no output fluctuation. Thus,
short-circuit protection control is also kept in balance, and the protection enable pin (pin 15) voltage is kept at
about 50 mV.

If the load condition drastically changes due to a load short-circuit and if low-level signals (1.1 V or lower) are
input to the non-inverting inputs of the short-circuit protection comparator from the error amplifiers, the short-
circuit protection comparator outputs a “Low” level to turn transistor Q1 off. The protection enable pin voltage is
discharged, and then the short-circuit protection comparator charges the externally connected protection enable
capacitor Cre according to the following formula:

Vre = 50 mV + tee X 10°6/Cre
0.65 =50 mV + tre X 10°%/Cre
Cee = tre/0.6 (UF)

When the protection enable capacitor charges to about 0.65 V, the protection latch is set to enable the under
voltage lockout protection circuit and to turn the output drive transistor off. The dead time is set to 100 %.
Once the under voltage lockout protection circuit is enabled, the protection enable is released; however, the
protection latch is not reset if the power is not turned off.

The non-inverting inputs of the D.T.C. comparator are connected to the D.T.C. pins (pins 6 and 11) through the
power supply (about 0.9 V) and are compared with a reference voltage (about 1.8 V) connected to the inverting
input.

To prevent malfunction of the short protection circuit in soft-start mode (using D.T.C. pins), the D.T.C. comparator
outputs a “High” level to turn Q2 on until the D.T.C. pins (pins 6 and 11) voltage drops to about 0.9 V.

Fig. 7 - Protection Latch Circuit

T
scp ?

S.C.P.Comp.

Error Amp1
Error Amp2 cee| S R O—
U.V.L.O.
Q2 Q3 Latch
11V
r
+
€L
M 1 'I'()L@ D.T.CA
O | T 09V

D.T.C.Comp. 7J_r1 8V @ D.T.C.2
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H SETTING THE IDLE PERIOD

When voltage step-up, fly-back step-up or inverted output are set, the voltage at the FB pin may go lower than
the triangular wave voltage due to load fluctuation, etc. In this case the output transistor will be in full-on state
(ON duty 100%). This can be prevented by setting the maximum duty for the output transistor. This is done by
setting the DTC1 pin (pin 6) voltage using resistance division of the Vrer voltage as illustrated below.

When the DTC1 pin voltage is lower than the triangular waveform voltage, the output transistor is turned on. If

the triangular waveform amplitude = 0.6 V, the lower limit voltage of the triangular waveform= 1.3 V and the

offset voltage is 0.9 V, the formula for the maximum duty would be as follows (Other channels are this conditions) :
1.9V - (Vdt+0.9V) 1.0V - Vdt Rb

Duty (ON) Max (%) = 06V x 100= —o08V x 100, Va (V) = “Ra+Rb) X VRer

Also, if no output duty setting is required, the voltage should be set greater than the lower limit voltage of the
triangular waveform, which is 1.3V (Vdt =0.4 V).

* Setting the idle time at DTC1 (DTC2 is similar)

Vrer (6
Ra
6)

ptct (6)

Rb
Vat
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